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ABSTRACT 

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

a n t e r i o r  pigment spots found i n  c e r t a i n  nematodes, s t u d i e s  

were made o f  t h e  eyespo t s  of  s e v e r a l  s p e c i e s  o f  f r e e - l i v i n g  

marine nematodes of  t h e  Burrard I n l e t  a r e a  o f  B r i t i s h  Columbia 

and of t h e  chromatrope o f  t h e  i n s e c t  p a r a s i t e ,  Mermis 

n ig re scens .  

During l a b o r a t o r y  r e a r i n g  o f  t h e  nematodes, it was observed 

t h a t  embryogenesis i n  Oncholaimus v e s i c a r i u s ,  - 0. skawensis,  

Enoplus a n i s o s p i c u l u s ,  Enoplus s p . ,  S e u r a t i e l l a  sp .  and 

Symplocostoma sp .  fol lowed t h e  same g e n e r a l  p a t t e r n  a s  i n  o t h e r  

f r e e - l i v i n g  nematodes. The p roces s  o f  b l a s t o p o r e  c l o s u r e  

d i f f e r e d  from t h a t  of  p a r a s i t i c  nematodes r e p o r t e d  i n  t h e  l i t e r -  

a t u r e .  Development of t h e  eyespo t s  occur red  j u s t  p r i o r  t o  

ha t ch ing  i n  a l l  s p e c i e s  except  Symplocostoma sp .  The s p e c i f i -  

c i t y  of  t h e  t ime o f  development and t h e  d i s c r e t e  l o c a t i o n  of  

t h e  eyespo t s  sugges ted  t h a t  t hey  perform a  d e f i n i t e  f u n c t i o n  

i n  t h e  nematode and a r e  no t  simply s t o r a g e  o r  e x c r e t o r y  

produc ts .  Post  p a r a s i t i c  - M. n i g r e s c e n s  females  were r e a r e d  t o  

m a t u r i t y ' a n d  t h e  eggs produced p a r t h e n o g e n e t i c a l l y  y i e l d e d  

v i a b l e  l a r v a e  when f e d  t o  l o c u s t s .  The chromatrope pigment 

f i r s t  appeared j u s t  p r i o r  t o  t h e  p o s t  p a r a s i t i c  moult.  

The chemical  c h a r a c t e r i s t i c s  o f  t h e  pigment s p o t s  were 

determined through s o l u b i l i t y  t e s t s ,  microspectrophotometry ,  

h i s tochemis t ry  and examinat i o n  f o r  f l uo re scence .  I n  E. - 
a n i s o s p i c u l u s ,  two pigments were found, a  melanin conf ined  t o  

t h e  eyespot  a r e a  and a  hemosider in  depos i t ed  a long  t h e  eso- 

iii 



phageal  muscle. The eyespots  of - 0. v e s i c a r i u s  c o n s i s t e d  mainly 

of a  melanin,  bu t  a l s o  had a  minor, p o s s i b l y  c a r o t e n o i d  compo- 

nen t ,  wh i l e  - 0. skawensis,  Chromadorina germanica and 

symplocostoma sp .  eyespo t s  conta ined  only a  c a r o t e n o i d - l i k e  

pigment. S e u r a t i e l l a  sp .  eyespots  con ta ined  a  melanin  similar 

t o  t h a t  o f  - 0. v e s i c a r i u s .  The presence  o f  a n  oxyhemoglobin 

i n  t h e  - M. n i g r e s c e n s  chromatrope was confirmed by microspectro-  

photometry. The spectrum was similar t o  t h a t  found f o r  o t h e r  

p a r a s i t i c  nematode hemoglobins i n  t h a t  t h e  be t a  peak a b s o r p t i o n  

was much h ighe r  t h a n  t h e  a lpha  peak a b s o r p t i o n  i n d i c a t i n g  t h a t  

t h e  hemoglobin has  a  high a f f i n i t y  f o r  oxygen. 

The p r o b a b i l i t y  t h a t  t h e  eyespot  pigments o f  t h e  marine 

nematodes do n o t  f u n c t i o n  d i r e c t l y  i n  pho to recep t ive  p roces ses ,  

b u t  a c t  r a t h e r  as  shading  pigment f o r  a d j a c e n t  pho to recep to r s  

i s  d i scussed .  
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CHAPTER 1 

GENERAL INTRODUCTION 

What i s  t h e  func t ion  of t h e  a n t e r i o r  pigment spo t s  i n  

nematodes? They a r e  commonly c a l l e d  eyespots  and it has long 

been conjec tured  t h a t  they might be involved i n  photorecept ion.  

An e a r l y  nematologis t ,  Eberth (1863),  i n  a  d i scuss ion  of nema- 

tode  sense organs r e f e r r e d  t o  them a s  ."eyes1' and h i s  contempo- 

r a r y ,  E a s t i a n  (1865) c a l l e d  them o c e l l i .  There was however no 

r e a l  evidence t o  support  t h i s  terminology then,  nor  was t h e r e  

a t  t h e  t ime t h i s  work was begun. 

Ante r io r  pigment spo t s  a r e  found i n  many spec ies  of f r e e -  

l i v i n g  a q u a t i c  nematodes t h a t  might be exposed t o  l i g h t  and a r e  

not  found i n  t e r r e s t r i a l  o r  p a r a s i t i c  nematodes except i n  t h e  

f r e e - l i v i n g  a d u l t  female of t h e  i n s e c t  p a r a s i t e  Mermis 

n igrescens .  Among t h e  a q u a t i c  nematodes, t h e  pigment s p o t s  

a r e  t y p i c a l l y  pa i red  and embedded i n  t h e  a n t e r i o r  esophageal 

musculature.  The pigment i s  granular  and ranges i n  colour  from 

orange through red,  v i o l e t ,  brown and black. The pigment spo t s  

have varying degrees of  s t r u c t u r a l  complexity i n  d i f f e r e n t  

spec ies .  Among t h e  more spec ia l i zed  a r e  those  of 

Parasymplocostoma formosum ( ~ c h u l t z ,  1931) and Deontostoma 

ca l i fo rn icum ( s i d d i q u i  and Viglerchio ,  1970a) i n  which t h e  

eyespot i s  cup shaped and i s  a s soc ia ted  with a  r e f r a c t i l e  body 

and nuclea ted  c e l l .  I n  some spec ies  such a s  Enoplus communis, 

t h e  pigmentation i s  not  confined t o  t h e  pa i red  a n t e r i o r  spo t s ,  

but a l s o  extends p o s t e r i o r l y  a long t h e  esophagus ( s c h u l t z ,  



I n  a d u l t  Mermis females, red non- granular  pigment 

i d e n t i f i e d  as hemoglobin occurs a s  a  band i n  hypodermal chord 

m a t e r i a l  a n t e r i o r  t o  t h e  trophosome ( ~ l l e n b ~  and Smith, 1966s) .  

Behavioural  responses t o  l i g h t  have been demonstrated i n  ' 

only t h r e e  nematodes with eyespot s. I n  Diplo la imel la  schne ide r i  

a  r a p i d  nega t ive  photo taxis  was observed upon exposure of t h e  

nematodes t o  e i t h e r  dayl ight  o r  f luorescen t  l i g h t  (chitwood and 

Chemical i d e n t i t y  of t h e  pigment i n  t h i s  spec ies  

i s  not  known. I n  Chromadorina v i r i d i s ,  a  p o s i t i v e  photo taxis  

was demonstrated a t  most wavelengths of v i s i b l e  ' l i g h t   roll, 

1966a). The a c t i o n  spectrum of  t h i s  response was a t  f i r s t  

thought t o  c o r r e l a t e  with t h e  absorp t ion  spectrum of  hemoglobin 

contained i n  t h e  eyespots .  More r e c e n t l y ,  been found 

th6t C ' b - - m  -7 m m n n +  c - n n t c  
bilGDL p;slLLbrLv u,,,, dc? mt rn~tain hemoglnhtn  roll -- e t  a l .  , 

1972).  I n  - M. n igrescens  both pho to tax i s  p roll, 1966b) and an 

inc rease  i n  t h e  r a t e  of o v i p o s i t i o n  (Cobb, 1926; Cro l l ,  1966b) 

have been shown t o  have an  a c t i o n  spectrum s i m i l a r  t o  t h e  

absorp t ion  spectrum of hemoglobin. 

Hemoglobin has  never before been implicated a s  a  v i s u a l  

pigment and it would be very i n t e r e s t i n g  i f  it should func t ion  

t h i s  capac i ty  s i n c e  a l l  t h e  known v i s u a l  pigments a r e  

r e t i n a l - p r o t e i n  compl.exes. The a n t e r i o r  pigment of - E. cornmunis 

has  been i d e n t i f i e d  a s  melanin ( C r o l l ,  1 9 6 6 ~ )  which i s  a l s o  not 

known t o  be a v i s u a l  pigment. These cons ide ra t ions  r a i s e  t h e  

fo l lowing quest ions:  (1) Are t h e  a n t e r i o r  pigment spo t s  of 

nematodes involved i n  any way i n  photo taxis?  ( 2 )  If so, a r e  



they directly involved in the photorecepf,i ve process? and 

( 3 )  wh at is their chemical composition? 

The present work was done in order to answer these 

questions by examining the pigment spots of several local 

species of free-living marine nematodes and of adult M. - 
nigrescens females. The chemical composition was determined 

with solubility tests, histochemistry and microspectrophoto- 

metry. Observations on the time of development and the 

specialized location and morphology of the eyespots suggest 

that they may well be involved in phototaxis. However, the 

variable composition of the eyespot pigment together with 

recent ultrastructural evidence suggest the the pigment spots 

are unlikely to be directly involved. 



CHAPTER I1 

OBSERVATIONS ON NEMATODE PIGMENT SPOTS AND EMBRYOGEI 

A .  M a t e r i a l s  and Methods 

1. S i t e s  and Methods o f  Nematode C o l l e c t i o n  

The marine nematodes were c o l l e c t e d  from t h e  i n t e r t i d a l  

zone a t  seven s i t e s  on Burrard I n l e t ,  B r i t i s h  Columbia. O f  

these ,  f i v e  were a t  Brockton Po in t  nea r  t h e  mouth of t h e  I n l e t ,  

one nea r  Po r t  Moody a t  t h e  upper end of  t h e  I n l e t  and one a t  

Bedwell Bay on I n d i a n  A r m  ( ~ i g u r e  1). The methods used f o r  

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

S i t e  1, a t  Bedwell Bay. A small rocky bay on which 

numerous l o g s  were beached a t  low t i d e .  Nematodes were ob ta ined  

from samples o f  g reen  a l g a e  sc raped  o f f  t h e  l o g s  and a d j a c e n t  

rocks .  Few nematodes were found i n  samples o f  sand depos i t ed  

between t h e  l o g s  and rocks .  

S i t e  2 ,  nea r  Po r t  Moody. A l a r g e  mud f l a t  exposed by 

t i d e s  o f  l e s s  t h a n  2.4 m. The t h i c k ,  v i s cous  s u r f a c e  l a y e r  was 

composed predominantly o f  mud. Seve ra l  f r e s h  wate r  s t reams  

d ra ined  i n t o  t h e  i n l e t  over  t h e  mud f l a t s .  A t  most l o c a t i o n s  

on t h e  f l a t s  l a r g e  numbers o f  nematodes were found i n  t h e  

s u r f a c e  cen t ime te r  o f  mud and very few below t h i s  depth .  

Samples of t h e  s u r f a c e  mud were scraped up wi th  a t rowe l  and 

s i eved  a t  t h e  s i t e  by washing wi th  s ea  water  through a 100 mesh 

sc reen .  The f i n e  mud was d i sca rded  and t h e  remaining c o a r s e  

d e b r i s  c o n s i s t i n g  l a r g e l y  of  wood c h i p s  and f i b r e s  t o g e t h e r  



Figure 1. Col lec t ion  s i t e s  f o r  marine nematodes on Burrard 
I n l e t ,  B r i t i s h  Columbia. 

Sca le  1 cm = 1.3 km I 



V
A
N
C
O
U
V
E
R
 

B
U
R
N
A
B
Y
 

P
O

R
T

 M
O

O
D

Y
 



with  entrapped nematodes was c o l l e c t e d  i n  p l a s t i c  bags. 

S i t e  3, Brockton Po in t ,  a t  t h e  Yacht Club Basin.  A 

sma l l e r  mud f l a t  exposed by t i d e s  o f  l e s s  t h a n  0.9 m. Seve ra l  

sewage o u t f a l l s  d ra ined  on to  t h e  f l a t s .  The s u r f a c e  cen t ime te r  

of  mud had a r i c h  and v a r i e d  nematode fauna wi th  few found be- 

low t h i s  depth .  Samples o f  s u r f a c e  mud were scooped up wi th  a  

t rowe l  and t r a n s f e r r e d  t o  p l a s t i c  bags. I n i t i a l l y  a n  a t t empt  

I 
was made t o  s i e v e  t h e  samples a t  t h e  s i t e  by washing wi th  sea  

wate r  but  l a r g e  masses o f  dead and decaying f i l amen tous  a l g a e  

'clogged t h e  s c r e e n  and t r apped  most o f  t h e  nematodes. Subse- 

quent d isentanglement  o f  t h e  nematodes from t h e  a l g a e  proved 

ve ry  d i f f i c u l t  and s o  samples were u s u a l l y  c o l l e c t e d  wi thout  

sc reen ing .  

C.i'te 4, Brockt.on Point, a t  t h e  l i gh thouse , ,  and S i t e  5.. - - 
about  0 .8  km west  of t h e  l i g h t h o u s e .  The s i t e s  were charac-  

t e r i z e d  by sand and l a r g e  boulders  i n t e r s p e r s e d  wi th  small 

muddy poo l s  exposed by t i d e s  o f  l e s s  t h a n  0.9 m. There were 

very few nematodes i n  t h e  sand, many i n  t h e  h a l f  cen t ime te r  

of  mud sediment removed from t h e  pools  and i n  g reen  a l g a e  

on t h e  rocks .  

S i t e  6 ,  on a small bay between Brockton Po in t  and 

Lumberman's Arch. Th i s  s i t e  was composed of mixed sand and 

mud. Samples of t h e  s u r f a c e  cen t ime te r  were c o l l e c t e d .  

S i t e  7,  Brockton Po in t  a t  Lumberman's Arch. The s i t e  

c o n s i s t e d  predominantly o f  sand,  t h e  s u r f a c e  c e n t i m e t e r  of  

which o c c a s i o n a l l y  conta ined  a  l a r g e  number of nematodes. 



I n  t h e  l abora to ry ,  t h e  samples of mud and sand toge the r  

with sea water were t r a n s f e r r e d  t o  c l e a r  p l e x i g l a s s  t r a y s ,  

a e r a t e d  us ing  aquarium pumps and covered t o  minimize evapora- 

t i o n .  The t r a y s  Nere kept i n  an  incubator  a t  16 - 19' C 

under an a l t e r n a t i n g  1 2  hour l i g h t  and dark cycle .  Af te r  

s e t t l i n g  f o r  24 t o  48 hours during which t ime t h e  nematodes 

migrated t o  t h e  su r face ,  a l i q u o t s  were scooped from t h e  su r face  

of t h e  mud 'or sand and t h e  nematodes picked out with a f i n e  

wire needle  under a  d i s s e c t i n g  microscope. The nematodes were 

placed i n  p e t r i  d i shes  of a e r a t e d  sea water and s t o r e d  i n  e i t h e r  

t h e  incubator  o r  a  r e f r i g e r a t o r  a t  4" C u n t i l  requi red .  The 

f i e l d  samples of a l g a e  were kept i n  covered g l a s s  jars i n  

a e r a t e d  sea water i n  t h e  incubator .  

Nematodes i n  samples of mud from s i t e s  3 to 7 r e m i n e d  

a c t i v e  f o r  up t o  a  month if kept we l l  ae ra ted .  I n  t h e  s ieved 

samples from s i t e  2, t h e  nematodes remained a c t i v e  f o r  2 t o  3 

months. Nematodes suspended i n  non-aerated sea water survived 

f o r  1 t o  4 weeks i n  t h e  incubator  depending on t h e  spec ies .  

Stored i n  t h e  r e f r i g e r a t o r ,  they  remained a c t i v e  f o r  longer 

per iods .  

Adult females of Mermis n igrescens  ( ~ u j a r d i n ,  1842) were 

c o l l e c t e d  during l a t e  May and e a r l y  June from a  c u l t i v a t e d  

f i e l d  near Chill iwack, B. C .  a s  they emerged from t h e  s o i l  t o  

l a y  t h e i r  eggs e a r l y  i n  t h e  morning fol lowing overnight  r a i n .  

They were placed i n  p l a s t i c  bags conta in ing  moist s o i l  and 

s to red  i n  t h e  r e f r i g e r a t o r  a t  4" C u n t i l  r equ i red .  



2. C u l t u r e  of blarine Nematodes 

I n  o r d e r  t o  o k t a i n  a c o n s t a n t  supply of t h e  n a r i n e  nema- 

t odes ,  a t t e m p t s  i iere  made t o  c u l t u r e  them on u n f i l t e r e d  sea  

wate r  a g a r  p l a t e s  t o  which s r ra l l  amounts of  mud and a l g a e  were 

added. Adult  males 2nd g rav id  females  were p laced  t o g e t h e r  

on t h e  a g a r  and incuba ted  a t  18 - 20•‹ C under a n  a l t e r n a t i n g  

12  hour l i g h t  and da rk  c y c l e .  I n i t i a l  s u r v i v a l  o f  t h e  nematodes 

was b e s t  on 1s a g a r  where t h e y  could  move f r e e l y  both  through 

and on t h e  s u r f a c e  o f  t h e  medium. 

3. Rear ing of  Free-Living S tage  o f  - M. n ig re scens  

M. nLgrescens l a r v a e  were removed from t h e  haemocoel o f  a - 
l o c u s t  ( ~ c h i s t o c e r c a  g r e g a r i a )  i n f e c t e d  t h r e e  weeks p rev ious ly  

wi th  50 eggs from a n  a d u l t  Mermis female  c o l l e c t e d  i n  t h e  

f i e l d .  The l a r v a e  were examination o f  t h e  g e n i t a l  

primoi-dia and p l aced  on t h e  s u r f a c e  of  a 20 cm column of  

l o o s e l y  packed s o i l  i n  a 3000 m l  beaker .  To s imu la t e  n a t u r a l  

c o n d i t i o n s ,  t h e  s i d e s  and bottom o f  t h e  beaker were darkened - - 

with  aluminum f o i l  and kept  a t  18 - 20" C under a n  a l t e r n a t . i n g  

12  hour l i g h t  and dark  c y c l e .  D i s t i l l e d  water  xas  added a s  

r e q u i r e d  t o  keep t h e  s o i l  s l i g h t s l y  mois t  and t h e  t o p  o f  t h e  

beaker was covered wi th  p e r f o r a t e d  c l e a r  p l a s t i c  t o  minimize 

evapoyat ion but  permit  oxygen exchange. The nematodes ware 

removed f r o n  t h e  s o i l  i n t e r v a l s  and t h e  p rog res s  of pigment 

development noted.  

4 .  Embryogenesis and Pigment Developmen', of Marine Nema- 
t o d e s  

S t u d i z s  o f  elnbryogenesis and pigment development i n  s i s  



of t h e  Imr ine  nematode s p e c i e s  were done on eggs ob ta ined  from 

t h e  1% sea  wate r  a g a r  c u l t u r e s  desc r ibed  above. The r a t e  and 

sequence of embryonic development was observed and photographed 

i n  eggs suspended i n  s ea  water  on microscope s l i d e s .  The s e a  

wate r  was r ep l aced  d a i l y  wi th  f r e s h  a e r a t e d  s e a  wate r .  Durlng 

obse rva t ions  a h e a t  f i l t e r  was used t o  minimize t h e  h e a t i n g  

e f f e c t s  of t h e  microscope lamp. Observa t ions  were a l s o  made 

on t h e  t ime and p o s i t i o n  of  pigment development i n  t h e  embryos. 

Progress  o f  pigment development i n  l a t e r  l a r v a l  s t a g e s  was 

observed i n  l a r v a e  ob ta ined  from f i e l d  samples. 

B. R e s u l t s  and Di scuss ion  

1. S i t e  Occurrence o f  t h e  Marine Nematodes 

The e l even  s p e c i e s  o f  f r e e - l i v i n g  marine nematodes wi th  

eyespots  which were found i n  t h k  Burra ra  I n i e t  a r e a ,  ihe s i L e s  

a t  which they  were found, t h e i r  r e l a t i v e  numbers and t h e  months 

du r ing  which a d u l t s  were most numerous a r e  shown i n  Table I. 

Fewer a d u l t s  and l a r v a e  were found a t  o t h e r  t imes  o f  t h e  yea r .  

2 .  D e s c r i p t i o n  o f  Nematode Pigment Spots  

The a n t e r i o r  pigment s p o t s  of  t h e  nematodes e x h i b i t e d  a 

wide range o f  co lou r  and morphology and w i l l  be desc r ibed  by 

s p e c i e s .  

Chromadorina germanica ( ~ u t s c h l i ,  1894) ( ~ i g .  2 ~ )  

Adul t s  of  both  sexes  possessed  p a i r e d  orange-red eyespots  

8 y i n  l e n g t h  and 5 p i n  width.  The s p o t s  were l o c a t e d  dorso- 

l a t e r a l l y  i n  s w e l l i n g s  o f  t h e  esophageal  muscle 25 y from t h e  

a n t e r i o r  end o f  t h e  nematode. The pigment was g r a n u l a r  and 
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c l o s e l y  packed. I n  some specimens, a t h i r d  sma l l e r  spo t  was 

l o c a t e d  v e n t r a l l y  i n  t h e  m i d  l i n e  of t h e  esophageal  muscle. 

The pigment faded  i n  e i t h e r  l i g h t  o r  da rk  w i t h i n  a few hours  

of nematode dea th  o r  a f t e r  fo rma l in  f i x a t i o n .  

Oncholaimus skawensis  itle lev son, 1921) ( ~ i g .  2B) 

Adu l t s  o f  both  sexes  had a p a i r  of pigment s p o t s  l o c a t e d  

l a t e r a l l y  i n  t h e  esophageal  muscle a t  t h e  base  o f  t h e  bucca l  

c a v i t y .  A t h i r d  s m a l l e r  spo t  sometimes occur red  d o r s a l l y  i n  

t h e  esophageal  muscle. The g r a n u l a r  pigment i n  t h e  s p o t s  was 

red  and r a t h e r  d i f f u s e l y  d i s t r i b u t e d .  P o s t e r i o r  t o  t h e  pigment 

s p o t s  was a c l e a r  unpigmented a r e a  and p o s t e r i o r  t o  t h i s  a sec- 

ond g r a n u l a r  pigment, p a l e  g reen  i n  co lou r  was d i s t r i b u t e d  

a l o n g  t h e  esophagus. The a n t e r i o r  r e d  pigment w i l l  be c a l l e d  

t h e  eyespot  pigment and t h e  p o s t e r i o r  g reen  pigment, t h e  

esophageal  pigment. The eyespot  pigment faded i n  e i t h e r  

l i g h t  o r  dark  w i t h i n  a few hours  o f  nematode dea th  o r  a f t e r  

fo rma l in  f i x a t  ion.  

Oncholaimus v e s i c a r i u s  (Wieser,  1959) ( ~ i g .  2 C )  

Adul t s  o f  both s exes  possessed pigment s p o t s  i d e n t i c a l  

i n  morphology t o  t h o s e  o f  - 0. skawensis.  The eyespot  pigment 

i n  t h i s  s p e c i e s  was, how ever ,  reddish-brown t o  pu rp l i sh -b l ack  

i n  c o l o u r  and t h e  esophageal  pigment was more pronounced and o f  

a da rke r  c o l o u r  t h a n  i n  0. skawensis.  Within  a few days of  - 
nematode dea th  o r  exposure t o  fo rmal in ,  some of t h e  eyespot  



Figure  2. Pigment s p o t s  o f  - C .  germanica, - 0,  s h w e n s i s  end - 0. 
v e s i c a r i u s  

A .  ( t o p )  C .  germanica a d u l t  male d o r s a l  view XlOOO - 

B. ( c e n t e r )  - 0. skawensis a d u l t  male d o r s o l a t e r a l  
view X300 

C .  (bot tom) 0. v e s i c a r i u s  a d u l t  male d o r s o l a t  e r a 1  
,?10~!  ?\:45~ - 





pigment, p a r t i c u l a r l y  i n  t h e  p o s t e r i o r  p o r t i o n  of t h e  spo t s ,  

faded. I n  specimens with reddish-brown pigment, t h i s  f a d i n g  

was accompanied by a change i n  colour  of - the  remaining pigment 

t o  purp le .  The purple  pigment was unaffec ted  by s e v e r a l  weeks 

exposure t o  formal in .  

Enoplus an i sosp icu lus  (Nelson -- e t  a l . ,  1972) ( ~ i g .  3 A )  and 

Enoplus sp.  (F ig .  3B) 

Since t h e  colour  and d i s t r i b u t i o n  of t h e  pigment i n  both 

species  of Enoplus was i d e n t i c a l ,  only one d e s c r i p t i o n  w i l l  

be given. 

Adults of both sexes possessed pa i red  d o r s o l a t e r a l  pigment 

spo t s  embedded i n  s l i g h t  swel l ings  of t h e  esophageal muscle 

approximately 60 from t h e  a n t e r i o r  end of t h e  nematode. The 

spots  cons is ted  of c l o s e l y  packed reddish  t o  dark brown 

pigment granules  about 1 i n  diameter .  The s p o t s ,  when viewed 

d o r s a l l y  appeared o v a l  i n  shape and l a t e r a l l y  almost t r i a n g u l a r  

with a broad base i n  t h e  v e n t r a l  p o s i t i o n .  This  pigment w i l l  

w i l l  be r e f e r r e d  t o  a s  t h e  eyespot pigment. 

A second g ranu la r  pigment, s l i g h t l y  l i g h t e r  i n  colour  than 

t h e  eyespot pigment w a s  d i s t r i b u t e d  a long t h e  l e n g t h  of t h e  

esophageal muscle p o s t e r i o r  t o  t h e  eyespots .  This  pigment, 

which w i l l  be c a l l e d  t h e  esophageal pigment, appeared t o  

l i n e  t h r e e  channels i n  t h e  muscle and a l s o  f i l l e d  numerous 

i r r e g u l a r l y  shaped v e s i c l e s  p r o j e c t i n g  r a d i a l l y  from t h e  

channels.  The eyespots  were loca ted  a t  t h e  a n t e r i o r  ends of 

t h e  t h e  d o r s o l a t e r a l  channels,  but  t h e r e  was no corresponding 



Figure 3. Pigment s p o t s  of  - E. an isospicu l"s ,  Enoplus sp. and 
S e u r a t i e l l a  sp.  ' 

A .  ( t o p )  - E. a n i s o s p i c u l u s  a d u l t  male v e n t r a l  view 
X400 

B. ( c e n t e r )  Enoplus sp.  a d u l t  male l a t e r a l  view 
X4 50 

C ,  (hot tom) S e u r a t . i n l l  a sp. a d u l t  male l a t e r a l  view 
X450 





pigment spo t  a t  t h e  a n t e r i o r  end of t h e  v e n t r a l  channel .  

Both pigments were ve ry  s t a b l e  and remained unfaded a f t e r  

s e v e r a l  months exposure t o  fo rmal in .  The pigment of  t h e s e  two 

Enoplus s p e c i e s  had t h e  same co lou r  and d i s t r i b u t i o n  a s  t h a t  

of  - E. comrnunis ( ~ c h u l t z ,  1931) .  

S e u r a t i e l l a  sp .  ( ~ i g .  3 C )  

Adul t s  of bo th  sexes  possessed  p a i r e d ,  round, p u r p l e  t o  

b l ack  s p o t s  3 t o  4 p i n  d iameter  l o c a t e d  13 from t h e  a n t e r i o r  

end of  t h e  nematode. The s p o t s  were d o r s o l a t e r a l  i n  l o c a t i o n ,  

c l o s e l y  spaced and a p p a r e n t l y  no t  embedded i n  t h e  esophageal  

muscle. The pigment was g r a n u l a r  and r e l a t i v e l y  s t a b l e  a f t e r  

dea th  of t h e  nematode. I n  formal in ,  it faded a f t e r  3 t o  4 

days t o  a r e d d i s h  co lou r  which remained unchanged f o r  s e v e r a l  

-. weeks. '1.m shape and  l o c a t i o n  of the  pigment spots was the 

same a s  t h a t  of  Acanthoncus r o s t r a t u s  ( ~ u r p h y ,  1963) but  

u n l i k e  t h i s  s p e c i e s ,  S e u r a t i e l l a  sp .  d i d  n o t  appear  t o  have a  

r e f r a c t i l e  body a n t e r i o r  t o  t h e  pigment. 

Symplocostoma sp .  ( F i g .  4 )  

This  s p e c i e s  e x h i b i t e d  t h e  s exua l  dimorphism t h a t  i s  

t y p i c a l  o f  t h e  E n c h e l i d i i d a e  ( W i e s e r ~  19-53). The males had a 

g r e a t l y  reduced bucca l  c a v i t y  and two prominent cup shaped 

pigment s p o t s  24 p i n  l e n g t h  and c o n t a i n i n g  reddish-brown, 

f i n e l y  g r a n u l a r  pigment embedded l a t e r a l l y  i n  s w e l l i n g s  of  t h e  

esophageal  muscle 30 IJ. from t h e  a n t e r i o r  end of t h e  nematode. 

J u s t  a n t e r i o r  t o  t h e  pigment s p o t s  was a p a i r  of c o l o u r l e s s ,  

r e f r a c t i l e  bodies  a l s o  embedded l a t e r a l l y  i n  t h e  esophageal  



Figure  4 .  Pigment s p o t s  of Symplccost.oma sp.  

A. ( t o p )  Symplocosto~na sp.  a d u l t  male l a t e r a l  view 
X4 50 

B. ( c e n t e r )  Symplocostoma sp. a d u l t  female do r sa l  
view X450 

C.  (bottom) Symplocostoma sp.  f o u r t h  s t a g e  male 
l a r v a  moulting t o  a d u l t  s t a g e  X700 





muscle ( F i g .  4 A ) .  The females  had a w e l l  developed h e a v i l y  

c h i t i n i z e d  bucca l  c a v i t y  and no pigment spo t s .  They d id ,  

however, have a p a i r  o f  c o l o u r l e s s ,  r e f r a c t i l e  bodies  l a t e r a l l y  

l o c a t e d  a t  t h e  base  of t h e  bucca l  c a v i t y  25 p from t h e  a n t e r i o r  

end of t h e  nematode. ( F i g .  4 ~ ) .  The pigment i n  t h e  males 

remain2d unfaded f o r  s e f e r a l  days a f t e r  nematode d e a t h  o r  f o r  

s e v e r a l  months a f t e r  exposure  t o  fo rma l in .  

Euchromadora sp .  (F ig .  5 ~ )  

Adul t s  of  both  sexes  possessed  p a i r e d ,  round, reddish-  

brown s p o t s  20 p i n  diameter .  The s p o t s  were l o c a t e d  dorso- 

l a t e r a l l y  i n  t h e  esophageal  muscle 40 p from t h e  a n t e r i o r  end 

o f  t h e  nematode. A t h i r d  sma l l e r  spo t  was l o c a t e d  v e n t r a l l y  

in t h e  mid- l ine  o f  t h e  esophageal  muscle. The pigment was 

f l n e l y  granula r  and c i o ~ ~ l y  packed, and sometimes d i f  f l c u l t  t o  

s e e  because of t h e  t h i c k n e s s  and dark  co lou r  o f  t h e  c u t i c l e .  

The pigment faded i n  e i t h e r  l i g h t  o r  da rk  w i t h i n  1 t o  2 days 

of  nematode death  o r  2 t o  3 days a f t e r  fo rma l in  f i x a t i o n .  

Halichoanolaimus sp .  

The s i n g l e  a d u l t  male of  t h i s  s p e c i e s  had a d i f f u s e  band 

o f  f i n e l y  g r a n u l a r  brown pigment 45 p i n  width  and l o c a t e d  

60 p from t h e  a n t e r i o r  end of  t h e  nematode. The pigment was 

d i s t r i b u t e d  f a i r l y  uniformly around t h e  esophageal  muscle. A 

second f i n e l y  granula r ,  g r a y i s h  pigment was d i s t r i b u t e d  p o s t e r i o r -  

l y  a l o n g  t h e  esophageal  muscle. Both pigments were unchanged 

by s e v e r a l  weeks exposure t o  formal in .  



Araeolaimus sp .  ( F i g .  5 C )  

The s i n g l e  a d u l t  female had a p a i r  of round pigment s p o t s ,  

8 p i n  diameter ,  l o c a t e d  43 from t h e  a n t e r i o r  end of t h e  nema- 

t ode .  The s p o t s  were d o r s o l a t e r a l  i n  l o c a t i o n  and d i d  no t  

appear  t o  be a s s o c i a t e d  wi th  t h e  esophageal  muscle. J u s t  pos t -  

e r i o r  t o  t h e  pigment s p o t s  t h e r e  was a s l i g h t  but  d e f i n i t e  

s w e l l i n g  of  t h e  esophageal  muscle. The pigment had a r e d  

co lou r  i n  t h e  f r e s h  specimen and appeared t o  c o n s i s t  of e i t h e r  

a p a i r  o f  l a r g e  s i n g l e  g r a n u l e s  o r  a p a i r  o f  d i s c r e t e  masses 

o f  d i f f u s e  pigment. The pigment faded r a p i d l y  a f t e r  fo rma l in  

f i x a t i o n ,  r e v e a l i n g  t h e  presence  o f  two r e f r a c t i l e  bodies  

of t h e  same s i z e  and shape as t h e  o r i g i n a l  pigment s p o t s .  

Un iden t i f i ed  sp .  ( F i g .  6 ~ )  

- 7  

lrle s i n g l e  a d u i i  female had f i v e  r e d  pigment s p o t s  

embedded i n  t h e  esophageal  muscle. A p a i r  o f  o v a l  s p o t s ,  

8 p i n  l e n g t h  and 4 p i n  width were l o c a t e d  l a t e r a l l y  68 p 

from t h e  a n t e r i o r  end of t h e  nematode. Twelve p p o s t e r i o r  t o  

t h e s e  were t h r e e  round s p o t s  4 p i n  diameter ,  two o f  which 

were l o c a t e d  d o r s o l a t e r a l l y  and t h e  t h i r d  v e n t r a l l y .  There 

was a  s l i g h t  swe l l i ng  of  t h e  muscle around t h e  s p o t s .  The 

f i n e l y  g r a n u l a r  pigment faded w i t h i n  a few days a f t e r  forrnal in  

f i x a t i o n  t o  a  ye l lowish  co lou r  which t h e r e a f t e r  remained 

unchanged. 

M .  n ig re scens  ( ~ i g .  7 ~ )  - 
The pigmented a r e a  o r  chromatrope of  t h e  a d u l t  female con- 

s i s t e d  of  a band o f  r ed  pigment 70 p i n  width s i t u a t e d  35 p 



Figure  5. Pigment s p o t s  of Euchrorriadora, Haliochoanc?laimus and 
Araeolaimus SDD. 

A.  ( t o p )  Euchromdora sr. a d u l t  male d o r s a l  view 
X200 

B. ( c e n t e r )  Hal ichoanola l~nus  s p .  a d u l t  male dorso- 
l a t e r a l  view X350 

C ,  (hott.om_) A r a  en1 i m i s  sp. a dl11 t fernal e dorso l  a t . e r -  
a1 view X300 





Figure  6. Pigment s p o t s  of  a n  u n i d e n t i f i e d  marine nematode and 
of  Oncholaimus spp. l a rvae ;  - C .  germanica g rav id  
female 

A.  ( t o p )  Un iden t i f i ed  marine nematode a d u l t  female 
v e n t r o l a t e r a l  view X300 

B. ( c e n t e r )  0. skawensis ( u p p e r )  and 0.  v e s i c a r i u s  
( l ower )  t E i r d  o r  f o u r t h  s t a g e  l a r v a e  showing 
difference In p l g i x n t  eolour XI53 

C (bot tom) C .  germanica g r a v i d  female removed from 
sea  water-agar p r i o r  t o  dea th  o f  c u l t u r e  X l O O  





Figure  7. A n t e r i o r  ends of l a r v a l  and a d u l t  female  - M. n i g r e s c e n s  

A ,  ( t o p )  Pos t  p a r a s i t i c  female l a r v a  p r i o r  t o  
pigment development and moult i n g  X4 50 

B. (bot tom) Adult female w i t h  chromatrope X450 





from t h e  a n t e r i o r  end o f  t h e  nematode. Unlike t h e  marine 

nematode eyespots ,  t h e  chromatrope pigment was t r a n s l u c e n t  

and non-granular .  It was d i s t r i b u t e d  d i f f u s e l y  i n  t h e  hypo- 

dermis and decreased  g r a d u a l l y  i n  amount p o s t e r i o r l y  from t h e  

main pigment spo t  ( ~ l l e n b y  and Smith, 1964) .  The pigment was 

una f f ec t ed  by formal in  f i x a t i o n ,  bu t  faded g r a d u a l l y  a f t e r  

dea th  o f  t h e  i n t a c t  nematode. Fading was ve ry  r a p i d  when a n  

amputated head was suspended i n  wa te r .  

3. Cu l tu re  o f  Marine Nematodes 

On 1% sea  water  a g a r  - C .  germanica and S e u r a t i e l l a  sp .  

a d u l t s  surv ived  f o r  1 week, whi le  a d u l t s  of  - E. a n i s o s p i c u l u s ,  

Enoplus s p . ,  - 0. v e s i c a r i u s ,  - 0.  skawensis and Symplocostoma sp .  

surv ived  f o r  2 - 4 weeks. During t h i s  t ime  most o f  t h e  

females  depos i t ed  t h e i r  eggs. Embryonic development proceeded 

i n  t h e  eggs of  a l l  s p e c i e s ,  but  i n  a l l  except - C .  germanica, 

t h e  l a r v a e  d ied  w i t h i n  2 - 3 weeks o f  ha tch ing .  - C .  germanica 

l a r v a e  a f t e r  h a t c h i n g  f e d  on a  f i l amen tous  green  a l g a e  which 

had become e s t a b l i s h e d  i n  t h e  c u l t u r e  wh i l e  t hey  were develop- 

i ng .  Diatoms and b a c t e r i a  reproduced i n  c u l t u r e s  o f  t h e  o t h e r  

s p e c i e s  but  were a p p a r e n t l y  i n s u f f i c i e n t  o r  u n s u i t a b l e  f o r  

suppor t ing  l a r v a l  growth. The - C .  germanica l a r v a e  matured 

a f t e r  4 months and t h e  females began egg l a y i n g .  A t  t h i s  t ime  

a l l  t h e  nematodes d ied ,  t h e  eggs d i s i n t e g r a t e d  and one month 

l a t e r  t h e  a l g a e  a l s o  d i ed .  The d e n s i t y  o f  t h e  gu t  c o n t e n t s  

i n d i c a t e d  t h a t  t h e  nematodes were f eed ing  a c t i v e l y  p r i o r  t o  

dea th  ( ~ i g .  6 ~ ) .  Death o f  t h e  nematodes and eggs fol lowed by 



dea th  of t h e  a l g a e  s u g g e s t s  t h a t  t h e r e  may have been 

accumulat ion o f  a t o x i c  product  i n  t h e  c u l t u r e  o r  perhaps  

development o f  a n u t r i e n t  o r  oxygen d e f i c i e n c y .  Sub- 

c u l t u r i n g  o f  t h e  a l g a e  and nematodes a t  i n t e r v a l s  t o  f r e s h  

a g a r  p l a t e s  might have prevented  t h i s .  

4 .  Development o f  M. n i g r e s c e n s  and i t s  Chromatrope 

Within  3 days of  being p l aced  on t h e  s o i l  i n  t h e  i ncuba to r  

a l l  t h e  p o s t  p a r a s i t i c  l a r v a e  had migra ted  beneath  t h e  s u r f a c e  

except  t h r e e  which had d ied .  A f t e r  2 weeks t h e  l a r v a e  were 

randomly d i s t r i b u t e d  through t h e  s o i l  2 t o  15 cm beneath  t h e  

s u r f a c e  and 4 weeks l a t e r  most o f  t h e  l a r v a e  had accumulated 

c l o s e  t o  t h e  bottom of t h e  beaker where t hey  remained t i g h t l y  

c o i l e d  u n t i l  mature.  Three t o  f o u r  months a f t e r  removal from 

t h e  h o s t ,  a l ' a i n t  pigment began t o  appear  i n  t h e  a n i e r i o r .  vl" 

t h e  l a r v a e  and a moult fo l lowed.  During t h e  succeeding 5 months 

t h e  r ed  pigment i n c r e a s e d  i n  amount u n t i l  it was s i m i l a r  i n  

d e n s i t y  and d i s t r i b u t i o n  t o  t h a t  o f  t h e  a d u l t  female chroma- 

t r o p e .  The a n t e r i o r  ends of a n  unpigmented p o s t - p a r a s i t i c  

l a r v a  and of a pigmented a d u l t  female  a r e  shown i n  F igu re  7. 

Ten months a f t e r  removal from t h e  h o s t ,  deve lop ing  eggs became 

appa ren t  i n  t h e  o v a r i e s  and i n  t h e  fo l lowing  6 months g r a d u a l l y  

a c q u i r e d  a brown p igmenta t ion .  A f t e r  20 months t h e  nematodes 

were a p p a r e n t l y  mature s i n c e  they  began egg- lay ing  spontaneously  

when exposed t o  t h e  h e a t  and l i g h t  o f  t h e  microscope lamp. 

When t h e  eggs were f e d  t o  l o c u s t s ,  25% developed i n t o  v i a b l e  

l a r v a e ,  a l l  of which were females.  



Since no males were present  post  p a r a s i t i c a l l y ,  t h i s  

r e s u l t  confirms t h e  r epor t  of par thenogenesis  i n  M.  - subnigresc?ns 

( c h r i s t i e ,  1929).  It i s  u n l i k e l y  t h a t  con tac t  with males during 

t h e  p a r a s i t i c  phase could r e s u l t  i n  f e r t i l i z a t i o n  because a t  

t h e  t ime of  emergence from t h e  hos t ,  t h e  male reproduct ive  

organs a r e  not  y e t  mature and t h e  developing female organs a r e  

s t i l l  covered by a t h i c k  c u t i c l e .  

5. Embryogenesis and Pigment Development of Marine 
Nematodes 

a )  Resu l t s  

E. an i sosp icu lus  and Enoplus sp.  - 
Females of t h e s e  spec ies  u s u a l l y  l a i d  a  c l u s t e r  of 15 - 

30 round t o  oval  eggs 120 - 1 4 0  p i n  diameter embedded i n  a  

tough ge la t inous  matr ix .  The eggs were l a i d  uncleaved ( p i g .  8 A )  

o r  i n  var ious  s t a g e s  of  cleavage wi th in  a  s i n g l e  c l u s t e r  (F ig .  

1 0 ~ ) .  P r i o r  t o  egg l ay ing  t h e  females sometimes died,  but 

embryogenesis proceeded normally and eventua l ly  t h e  l a r v a e  

hatched i n  t h e  decomposing female body ( p i g .  9 ~ ) .  

Uncleaved eggs u s u a l l y  commenced cleavage w i t h i n  24 hours 

a f t e r  they  were l a i d .  The f i r s t  cleavage was complete and 

two equal s i zed  blastomeres were formed (F ig .  8 ~ ) .  The second 

cleavage, obl ique  t o  t h e  f i r s t ,  occurred simultaneously i n  

both blastomeres and four  equal c e l l s  arranged i n  a  rhomboid 

were formed ( ~ i g .  8C). During t h e  e a r l y  s t a g e s  of embryo- 

genes is ,  t h e  c e l l  n u c l e i .  were v i s i b l e  a s  round c l e a r  a r e a s  
.* 

i n  t h e  dense cytoplasm ( p i g .  8 ~ ) .  



Figure 8. Embryogenesis of - E. anisospiculus. - 
n, nu.cleus 

A. uncleaved eggs X140 

B. 2 celled stage X230 

C .  4 celled stage X23O 

D. 8 and 16 celled stages X2OO 

E. 16 and 32 celled stages ~ 2 6 0  

F. coeloblastula X2 j0 





Figure 8. Embryogenesis of  E.  an i sosp icu lus  ( c o n t l  d. ) - 

ep, eyespot pigment 

G, H. e a r l y  l a . rva l  formation G, X230; H, X300 

I tadpole  s t a g e  X230 

J l a r v a  p r i o r  t o  pigment development X300 

K l a r v z e  j u s t  p r i o r  t o  hatching X200 

L f i r s t  s t age  l a r v a e  ha tching  ~160 





Figure 9. Embryogenesis of E. anisospLculus - 

A ,  eggs developing i n  remains of mother's body XlOO 

B. abnormal t h r e e  c e l l e d  embryo X250 

C. abnormal four  c e l l e d  embryo X250 
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Eggs that commenced cleavage did not always continue to 

develop (Fig. 10 A-D). If the eggs were left in wlaerated 

sea water, embryonic development was usually arrested at the 

two cell stage, but in a few embryos development was arrested 

after an abnormal second cleavage (Fig. 9 B and C). 

In a normally developing egg, the second cleavage was 

usually completed within 12 hours of initiation of the first 

cleavage. Rapid successive cleavages followed, the sequence 

of events being difficult to follow since groups of cells 

divided independently of one another (~ig. 8 D and E). The 

coeloblastula (Fig. 8 ~ )  was usually formed within 48 to 7 2  

hours of the initiation of cleavage. During the next 24 hours 

gastrulation occurred. The blastopore appeared as a long- 

t u d i n a l  groove on the surface of the embryo which closed first 

in the middle and then progressively towards each end (Fig. 10 

E-G). At completion of gastrulation, the embryo was bilaterally 

symmetrical and slightly flattened on the ventral surface. 

The beginning of larval formation was indicated by a 

rapid growth of the embryo and bending over of the ends to 

form first a kidney shape (Figs. 8G, 10 D) and then a U-shape 

(Fig. 8~). The anterior end then broadened and rounded an 

the posterior end became narrow and pointed (Fig. 8~). 

Shortly after formation of this tadpole stage, the first 

slight movements of the embryo were seen. 

By 14 days after the initiation of cleavage, the larva was 

worm-like and active (~ig. 8J). In the following two to four 



days, t h e  buccal c a v i t y  developed and eyespot pigment appeared 

i n  t h e  a n t e r i o r  esophageal muscle ( p i g .  8 K ) .  Three t o  f i v e  

days l a t e r  t h e  l a r v a  hatched ( ~ i g .  8 ~ ) .  The t ime from 

i n i t i a t i o n  of cleavage t o  hatching was 19 t o  23 days. The 

l a r v a e  d i d  not  appear t o  moult p r i o r  t o  hatching,  t h e  f i rs t  

moult occurr ing  about two weeks a f t e r  hatching.  

The newly emerged l a r v a e  had two we l l  def ined eyespots 

i n  t h e  same p o s i t i o n  and conf igura t ion  a s  i n  t h e  a d u l t ,  but 

smaller  i n  s i z e  (Fig .  12A). A t h i r d  patch of pigment was 

loca ted  i n  t h e  mid-line of  t h e  v e n t r a l  esophageal muscle 

( ~ i g .  1 2 ~ ) .  The g ranu la r  reddish-brown pigment appeared 

i d e n t i c a l  i n  a l l  t h r e e  loca t ions .  . A s  t h e  l a r v a e  matured, t h e  

eyespots  increased  i n  s i z e  and dens i ty  and esophageal pigment 

was gradual ly  deposi ted a long t h e  muscle progress ive ly  from 

t h e  a n t e r i o r  end j u s t  behind t h e  eyespot pigment. 

b) 0. v e s i c a r i u s  and 0. skawensis - - 
Embryogensis was i d e n t i c a l  i n  t h e s e  two spec ies  and 

s i m i l a r  t o  t h a t  of Enoplus spp. The round t o  oval  eggs, 

80 - 100 p i n  diameter,  were deposi ted i n  s t r i n g s  o r ,  more 

o f t e n ,  i n  c l u s t e r s  of 10  - 40 zggs. The eggs were l a i d  before 

o r  a f t e r  t h e  beginning of  cleavage, but i n  c o n t r a s t  t o  

Enoplus a s i n g l e  c l u s t e r  usua l ly  contained eggs a t  t h e  same 

developmental s t age  (F ig .  1 1 C ) .  A s  i n  Enoplus, t h e  females 

sometimes died p r i o r  t o  egg l a y i n g  and t h e  l a r v a e  developed 

i n  t h e  decomposing female body. 

Uncleaved eggs usua l ly  began c leaving  wi th in  1 t o  3 days 



Figure  10.  Embryogsnesis of Enoplus sp .  

a, b, c ,  d, and e: eggs s e l e c t e d  from c lus t . e r s  f o r  
p r e s e n t a t i o n  i n  E, F, G 

A .  egs  c l u s t e r  24 h r s  a y t e r  depos i t i on  X l O O  

B. 48 h r s  aft, o r  d e p o s i t i o n  Xl00 

C.  3 days a f t e r  d e p o s i t i o n  X l O O  

D. 6 days a f t e r  d e p o s i t i o n  X l O O  

E, F, G .  p r o g r e s s i v e  s t a g e s  i n  c l o s u r e  of t h o  
b l a s t o p o r e  X200 





Figure 11. knbryogenesis of - 0 .  vesicarius 

n,  nucleus 

bp, blastopore 

A. Embryos showing normal and abnormal development. 
Normal 2 and 4 celled stages'at upper right. 
Ahnormal embryos exhibit unequal blastomeres, 
incomplete cleavage (3 celled embryo) and abnormal 
blastomere arrangement. Xl7O 

. Normal 8 and 16 celled embryos XlgO 

C .  Eggs during gastrulation (2 days after initiation 
of cleavage) X125 

D. Early larval formation (4 days after initiation of 
cleavage) X125 

E. Later larval formation (7 days after initiation of 
cleavage) Xl25 

F. Larvae just prior to eyespot development (9 days 
after initiation of cleavage) Xl25 





Figure 12.  Larval  eyespots  

A. - E.  an i sosp icu lus  f i r s t  s t age  l a r v a ,  d o r s a l  
view X2500 

B. - E .  an i sosp icu lus  f i r s t  s t a g e  larva, v e n t r a l  
view X2500 

C ,  D .  - O .  v e s i c a r i u s  f i r s t  s t a g e  l a r v a  ~ 1 0 0 ,  x 1260 

E,  F. S e u r a t i e l l a  sp.  f i r s t  s t a g e  l a r v a  X500, X4000 





resulted in four equal blastomeres arranged in a rhomboid. 

Damage to the eggs during transfer from the agar plates to the 

microscope slides resulted in abnormal embryos which did not 

usually develop beyond the second cleavage. The blastomeres 

in these embryos varied from the normal in size, number and 

arrangement (Fig. 11A). 

In normal eggs the first two cleavages occurred at the 

same rate as in Enoplus, but subsequent cleavages were more 

rapid resulting in formation of the coeloblastula within 24 to 

48 hours of initiation of cleavage (~ig. 11C). The blastopore 

had the same shape as in Enoplus and closed in the same manner. 

Gastrulation was completed within 36 to 60 hours of the 

initiation of cleavage. Rapid growth and bending over of the 

embryo in the succeeding 12 hours resulted in a U-shaped embryo 

(Fig. 11D) followed 24 to 48 hours later by the tadpole stage. 

By 7 days after initiation of cleavage, the larvae were 

active and had developed several flexures (Fig. 11E). Two days 

later the larvae had increased in length and activity (Fig. 11F) 

and in the the following two days pigment began to develop in 

the anterior esophageal muscles. After a further 2 to 3 days 

the larvae hatched. The time from initiation of cleavage to 

hatching was 12 to 24 days. No moult was observed prior to 

hatching . 
Newly hatched 0. vesicarius larvae had two patches of 

B granular, purple eyespot pigment located iaterally in the 
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a n t e r i o r  esophageal muscle a t  t h e  base of  t h e  buccal c a v i t y  

( ~ i g .  12C, D )  and sometitnes a t h i r d  smaller-  patch of  i d e n t i c a l  

pigment loca ted  d o r s a l l y  i n  t h e  esophageal muscle. I n  newly 

hatched 9. skawensis l a r v a e  t h e  d i s t r i b u t i o n  of eyespot pigment - 
was t h e  same but t h e  pigment was red .  None of t.he greenish 

esophageal pigment of t h e  a d u l t  was v i s i b l e  a t  t h i s  s t age  i n  

e i t h e r  spec ies .  During subsequent development the  eyespot 

pigment increased  in amount and dens i ty  and esophageal pigment 

was gradual ly  deposi ted.  I n  t h e  l a t e  l a r v a l  s tages,  t h e  eyespot 

pigment of 0. v e s i c a r i u s  someti~nes changed i n  colour from - 
purple  t o  reddish-brown, but t h e  eyespot pigment of  C. skawensis - 
remained red  (Fig .  6 B ) .  

eggs i n  a c l u s t e r .  were q i n  diameter and 

were genera l ly  layed uncleaved. The f i r s t  two cleavages were 

t h e  same a s  i n  Enoplus and r e s u l t e d  i n  4 equal blastomeres 
.- 

arranged i n  a rhombold. Cleavage usua l ly  began wi th in  

24 hours of egg l ay ing  and was completed within a f u r t h e r  48 

hours.  The subsequent developnlental s t ages  were t h e  same a s  

i n  Enoplus. blovement of t h e  embryo was f i r s t  detected i n  t h e  

tadpole  s t a g e  which was formed wi th in  4 t o  5 days of t h e  i n i t i a -  

t i o n  of cleavage. The t ime from in i t i a t i . cn  of cleavage t o  

hatching was 10 t o  12 days. The l a r v a e  did not  moult p r i o r  t o  

hatching.  

Development of  t h e  eyespot pigment occurred 2 t o  3 days 



p r i o r  t o  ha t ch ing .  The newly hatched l a r v a e  had two c l o s e l y  

spaced pigment s p o t s  l o c a t e d  d o r s o l a t e r a l l y  between t h e  c u t i c l e  

and t h e  esophageal  muscle ( ~ i g s .  12,  E, F) . The p u r p l e  pigment 

was g ranu la r  and c l o s e l y  packed and as t h e  l a r v a e  matured it 

inc reased  s l i g h t l y  i n  d e n s i t y  and d i s t r i b u t i o n .  

d)  Symplocostoma sp .  

Eggs of  t h i s  s p e c i e s  were round t o  o v a l ,  100 t o  120 

i n  d iameter  and depos i t ed  i n  c l u s t e r s  o f  from 5 t o  18 i n  a ge l -  

a t i n o u s  mat r ix .  The eggs were l a i d  uncleaved o r  i n  v a r i o u s  

s t a g e s  o f  c leavage ,  bu t  l i k e  Oncholaimus most eggs i n  a 

s i n g l e  c l u s t e r  were a t  t h e  same s t a g e  o f  development. The 

e a r l y  development was i d e n t i c a l  t o  t h a t  o c c u r r i n g  i n  Enoplus. 

Cleavage was u s u a l l y  complete w i t h i n  48 hours ,  g a s t r u l a t i o n  

w i t h i n  a f u r t h e r  24 hours  and t h e  t a d p o l e  s t a g e  formed 

w i t h i n  f i v e  days from i n i t i a t i o n  of  c leavage.  Subsequent 

development proceeded more s lowly t h a n  i n  t h e  o t h e r  marine 

nematodes. The t ime  from i n i t i a t i o n  of  c l eavage  t o  h a t c h i n g  

was 45 t o  50 days.  There was no evidence o f  moul t ing  p r i o r  t o  

ha tch ing .  

A l l  t h e  newly ha tched  l a r v a e  had t h e  w e l l  developed,  

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

female ( ~ i g u r e  4 B ) .  None had eyespot  pigment, bu t  a l l  had 

p a i r e d  r e f r a c t i l e  bodies  l a t e r a l l y  l o c a t e d  i n  t h e  esophageal  

muscle a t  t h e  base  of  t h e  bucca l  c a v i t y .  During subsequent 

development, t h e  female l a r v a e  r e t a i n e d  t h e  w e l l  developed 

buccal  c a v i t y  and d i d  no t  develop eyespot  pigment. The male 



l a r v a e  r e t a i n e d  t h e  w e l l  developed bucca l  c a v i t y  u n t i l  t h e  

moult t o  t h e  a d u l t ,  when they  assumed t h e  reduced male-type 

buccal  c a v i t y  ( ~ i g u r e  4 ~ ) .  J u s t  p r i o r  t o  t h i s  moult,  t h e  

male l a r v a e  developed f i n e l y  g r a n u l a r  reddish-brown pigment 

s p o t s  i n  t h e  a n t e r i o r  esophageal  muscle and a second p a i r  o f  

r e f r a c t i l e  bodies  j u s t  a n t e r i o r  t o  t h e  pigment. During t h e  

moult,  t h e  w e l l  developed bucca l  c a v i t y  and t h e  a n t e r i o r  p a i r  

o f  r e f r a c t i l e  bodies  were shed wi th  t h e  c u t i c l e  ( ~ i g .  4~). 

The pigment s p o t s  subsequent ly  i n c r e a s e d  i n  s i z e  and d e n s i t y .  

S i m i l a r  o b s e r v a t i o n s  have been made on l a r v a l  - S. t e n u i c o l l e  

males ( ~ i e s e r ,  1953) .  

b )  D i scuss ion  

A l l  t h e  marine nematodes s t u d i e d  were ov iparous  and l a i d  

t h e i r  eggs e i t h e r  uncleaved o r  i n  e a r l y  s t a g e s  of c leavage .  

I n  comparison t o  p a r a s i t i c  s p e c i e s ,  f r e e - l i v i n g  nematodes 

produce a r e l a t i v e l y  sma l l  number of  l a r g e  eggs ,  u s u a l l y  l e s s  

t h a n  50 p e r  female (Hyman, 1951).  The marine nematodes s t u d i e d  

h e r e  were t y p i c a l  i n  t h i s  r e s p e c t ,  t h e  l a r g e s t  number of  eggs 

produced by a s i n g l e  female be ing  40. Also,  t h e  g r e a t e s t  

numbers of  eggs were produced by t h e  l a r g e r  s p e c i e s  and t h e  

fewest  numbers by t h e  sma l l e r  s p e c i e s .  

The development o f  l a r v a e  i n s i d e  t h e  bodies  o f  dead 

females  observed i n  Enoplus and Oncholaimus s p e c i e s  may be 

r e l a t e d  t o  t h e  phenomenom desc r ibed  as "Endotokia ma t r i c ida"  

observed :in some o f  t h e  Rhabdi t ida  (Hirschmann, 1960) .  

I n  t h e s e  Rhabdi t ids ,  o l d  females  a r e  unable  t o  d i s c h a r g e  



of the mother, they break through the uterine wall, feed on 

the body contents and eventually escape through the cuticle 

tp continue development. In the marine nematodes, the 

phenomenon differed in that the females died while the eggs 

were still in an early state of cleavage, larval developemnt 

did not contribute to the female's death and the larvae did 

not feed on the body contents after hatching but escaped 

directly through the disintegrating cuticle. 

Although nematode cleavage is not generally considered 

to follow a typical spiral plan (Hyman, 1951) there is some 

disaggreement (Crofton, 1966). Among the parasitic nematodes 

a great deal of variation occurs in the planes of the early 

cleavages, in t h e  tiliiEiig a i d  seqience of the >lastomerc 

divisions and in the relative sizes of the blastomeres 

produced. Because of the variation in cleavage planes 

the configuration of the blastomeres after the second cleav- 

age ranges from a tandem arrangement as is seen in Helico- 

tylenchus vulgaris (Yuen, 1966) and Rotylenchus parvus 

(Dasgupta and Raski, 1968) to the T-shaped arrangement of 

Parascaris equorum (Boveri, 1899) and Apnelencoides 

dactylocercus (~owse , 1969) . Even within a single species , 

such as Radophilus sirnilis, variations in cleavage planes 

occur so that both tandem and T-shaped arrangements are found 

(Van Weerdt, 1960). In contrast , in the few free-living species 
which have been studied, including Plectus parietinus 



i 
i (Magenti, 1961), Diplolaimella schneiderii and Monohystera 

disjuncts (Chitwocd and Murphy, 1964) as well as in the 

six marine nematodes of the present study, the early cleavages 

were consistent in plane, timing and sequence of cell division 

and relative blastomere size. The second cleavage was always 

oblique to the first and equal and simultaneous in both 

blastomeres. The rhomboidal arrangement of the blastomeres 

of the four cell stage indicated that the second cleavage 

was oblique to the first. In some parasitic nematodes such 

as - P. equorwn (Boveri, 1899) and Tylenchorhynchus sp. 

(Drozdovsky, 19 68) a rhomboid configuration occurs at the 

four cell stage. In contrast to the free-living nematodes, 

this configuration does not result from oblique cleavage, but 

rather from migration of the cells after radial cleavage. 

Subsequent cleavages in the marine nematodes like those 

in other free-living nemakodes and parasitic species 

occurred rapidly and vaired in planes and sequence of 

cell division. Some variation occurred in the time from 

initiation to completion of cleavage in the marine nematodes. 

Coeloblastula formation occurred in 24 to 48 hours in 0 .  - 
vesicarius and - 0. skawensis, in 48 hours in Seuratiella 
and Syrnplocostoma spp. and in 48 to 72 hours in E. anisospic- 

ulus and Enoplus sp. Gastrulation also occurred more rapidly - 
in 0 .  vesicarius and 0. skawensis than in the other species. - - 
In all the marine nematodes examined, the blastopore appeared 

as a longitudinal groove on the surface of the embryo which 



closed f i r s t  i,n t h e  middle and.. then s imultaneously both ' 

a n t e r i o r l y  and p o s t e r i o r l y .  This i s  i n  c o n t r a s t  t o  some of 

t h e  p a r a s i t i c  nematodes where t h e  b las topore  c l o s e s  by fus ion  

of t h e  l a t e r a l  l i p s ,  s t a r t i n g  f i r s t  i n  t h e  p o s t e r i o r  reg ion  

and proceeding a n t e r i o r l y  ( c r o f t o n ,  1966) .  The f i r s t  s t a g e  

a t  which b i l a t e r a l  symmetry was determined i n  t h e  marine 

nematodes could no t  be a s c e r t a i n e d ,  but a t  completion of 

g a s t r u l a t i o n  t h e  b i l a t e r a l  symmetry of t h e  embryos was r e a d i l y  

apparent  ( ~ i g s .  8 G ,  11~) . I n  p a r a s i t i c  nematodes, b i l a t e r a l  

symmetry may occur a s  e a r l y  a s  t h e  4 ,  5, 6 ,  o r  7 c e l l  s t a g e  

(wang, 1971 and Clark,  1967).  

The l a t e r  s t a g e s  of  development of t h e  marine nematodes 

were i d e n t i c a l  t o  those  of - P.  p a r i e t i n u s  ( ~ a g g e n t i ,  1961),  - D. 

s c h n e i d e r i i  and - M .  d i s j u n c t a  (Chitwood and Murphy, 1964) and 

s i m i l a r  t o  those  of  - P.  equorum and many o t h e r  p a r a s i t i c  spec ies  

( ~ y m a n ,  1951 and Crofton, 1966).  Despi te  v a r i a t i o n s  i n  t h e  

time requi red  f o r  t h e  very e a r l y  s t a g e s  of embryonic develop- 

ment, t h e  tadpole  s t a g s  was formed i n  a l l  t h e  marine spec ies  

wi th in  5 days of t h e  i n i t i a t i o n  of cleavage. Development 

from t h e  tadpole  s t a g e  t o  ha tching  however took from 3 t o  5  

t imes longer  i n  Symplocostoma sp.  than  i n  t h e  o t h e r  marine 

nematodes. 

I n  c o n t r a s t  t o  p a r a s i t i c  spec ies  which may undergo one or  

more moults p r i o r  t o  ha tching  (~yman ,  1951), a l l  t h e  marine 

nematodes hatched a s  f i r s t  s t a g e  l a rvae .  Hatching appeared t o  

occur spontaneously a t  l a r v a l  matur i ty  r a t h e r  than  r e q u i r i n g  
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R 
k an environmental stimulus as is the case with many parasitic 
t 

I forms . 
The specific time of development of the eyespot pigment 

and the discrete location in all species examined suggests 

that the eyespot pigment has a definite function in the 

nematode. The esophageal pigment of Enoplus and Oncholaimus 

species in contrast, could well be simply a waste product 

since it accumulates gradually with age and is diffusely 

distributed. In all the marine species examined except 

Symplocostoma sp., the eyespots formed just prior to 

emergence of the larvae from the eggs. The function of the 

eyespots therefore probably begins at hatching, At this 

time, a light sense'would be of assistance in finding food 

and. a suitable iia'ultat aiid l a te r ,  

Symplocostoma sp., where only the males developed eyespots, 

formation of the eyespots occurred at the same time as a 

change in the buccal cavity structure and the maturation of 

of the reproductive system. Perhaps these changes adapt 

the adult male for a brief, non-feeding period during which 

mates are sought. The eyespots, if involved in phototaxis, 

could assist in this search. 
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CHAPTER I11 

PIGMENT IDENTIFICATION 

A .  I n t r o d u c t i o n  

R e l a t i v e l y  l i t t l e  i s  known of  t h e  chemical  i d e n t i t y  o f  

nematode eyespot  pigments a l though  many pigmented s p e c i e s  

have been r e p o r t e d .  In  t h e  e a r l i e s t  s tudy ,  s p e c t r o s c o p i c  

examination o f  t h e  a n t e r i o r  pigment spo t  o r  chromatrope o f  

a d u l t  females  o f  t h e  i n s e c t  p a r a s i t e  Mermis subn ig re scens  

r evea l ed  a b s o r p t i o n  i n  t h e  r ed  and b l u e - v i o l e t  wavelengths,  bu t  

none i n  t h e  orange,  yel low o r  g reen  ( ~ o b b  1929) .  More r e c e n t l y ,  

t h e  a l p h a  and be t a  a b s o r p t i o n  bands o f  oxyhemoglobin were 

d e t e c t e d  i n  t h e  chromatrope and t h e  presence  o f  hemoglobin 

confirmed wi th  a p o s i t i v e  benz id ine  t e s t  (E l l enby ,  1964) .  

Subs2quent histochemical examinstion h a s  shown l a r g e  amounts 

o f  hemoglobin i n  t h e  hypodermal chord t i s s u e  a n t e r i o r  t o  t h e  

trophosome and sma l l e r  amounts i n  t h e  trophosome and hypo- 

dermal chords  p o s t e r i o r  t o  t h e  chromatrope ( ~ l l e n b ~  and Smith, 

1 9 6 6 ) .  

Hemoglobin was a l s o  sugges ted  as  t h e  i d e n t i t y  o f  t h e  

eyespot  pigment of t h e  f r e s h  wate r  nematode Chromadorina 

v i r i d i s  on t h e  b a s i s  o f  s o l u b i l i t y  t e s t s ,  benz id ine  r e a c t i o n  

and t h e  demonstra t ion o f  a c t i o n  peaks o f  p o s i t i v e  p h o t o t a x i s  

cor responding  t o  t h e  S o r e t  and a l p h a  a b s o r p t i o n  bands o f  

hemoglobin ( C r o l l ,  1966a) .  However, no a c t i o n  peak c o r r e s -  

ponding t o  t h e  b e t a  a b s o r p t i o n  band o f  oxyhemoglobin was found. 

Recent microspec t rophotomet r ic  d e t  errnination o f  t h e  a b s o r p t i o n  

spectrum of  t h e  eyespot  pigment o f  t h i s  s p e c i e s  has  shown t h a t  



7 n-n \ it is not i n  Tact a i ~ e ~ n o ~ i o b i n  {Zi.oii -- e t  al., I Y ~ L , .  

The eyespot  pigments o f  a number o f  marine nemztodes, 

niostly Enopl idae were examined by El lenby and Smith (19% a ,  t.) , 

but  none were found t o  c o n t a i n  hemoglobin. A more d e t a i l e d  

s tudy ,  perfori!;ed on t h e  eyespot  pigment o f  Enoplus cor~nunis ,  

showed t h a t  t h e  pigment was probably a melanin on t h e  b a s i s  

o f  s o l u b i l i t y  and b l each ing  t e s t s   roll, 1966a).  The 

c h a r a c t e r i s t i c s  o f  t h e  more d i f f l i s e l y  d i s t r i b u t e d  esophageal  

pigment of  t h i s  s p e c i e s  wer? n o t  r e p o r t e d ,  but  were assumed t o  

be t h e  same as  t h e  eyespot  pigment ( Z r o l l ,  1970). 

The a v a i . l a b i l i t y  l o c a l l y  o f  s e v e r a l  spec i e s  o f  eyespot ted ,  

f r e e - l i v i n g ,  marine nematodes t o g e t h e r  wi th  t h e  scan ty  l i t e r a -  

t u r e  and q u e s t i o n s  a r i s i n g  ou t  of  sooe of  t h e  r e s u l t s  r epo r t ed  

l $ d  t o  t h e  p r e s e n t  s tudy  on t h e  chemical  i d e n t i t y  of  t h e  pig-  

ment s p o t s .  The sugges t ion  t h a t  hemoglobin might be involved 

i n  a  photosensory p roces s  wes o f  prime i n t e r e s t .  

The eyespot  pigments of Chromadorina germanica, 

Oncholaimus ska:.rensis, Oncholaimus v e s i c a r i u s ,  Enoplus . . 
a n i s o s p i c u l u s ,  Enoplus s p . ,  Sympl~.costoma sp. and S e u r a t r e l l a  sp .  

were c h a r a c t e r i z e d  th rough  examination o f  t h e i r  a b s o r p t i o n  

s p e c t r a ,  f l u o r e s c e n c e ,  s o l u b i l i t y  and h i s tochemica l  r e a c t i o n s .  

The most d e t a i l e d  s t u d i e s  were made on 0. v e s i c a r i u s  and t h e  - 
Enoplus spp. s i n c e  t h e s e  were t h e  most abundant and e a s i l y  

' hand led .  Observa t ions  were a l s o  made on t h e  r e a c t i o n s  o f  t h e  

esophageal  pigment o f  - E. a n i s o s p i c u l u s .  

During t h e  cou r se  of  t h i s  s tudy ,  a number o f  a d u l t  Merniis 



nigrescens females became available. The absorption spectrum 

of the anterior pigment of these nematodes was examined micro- 

spectrophotometrically in order to confirm the presence of oxy- 

hemoglobin. 

B. Materials and Methods 

The following procedures were performed on adult nematodes 

of either sex in all marine species except Symplocostoma sp. 

where only males were used. Absorption spectra were obtalned 

from newly hatched - E. anisospiculus larvae as well as from 
adults . 

1. 'Solubility Tests 

The solubility characteristics of the nematode pigments 

were determined by treating the in situ pigments with a variety 

)-a orgznic s s l v e n t s ,  = I C % ~ T ,  a l k a l i e s  and other reagents as 

listed in Tables I1 and 111. The heads (anterior ends including 

pigmented areas) were removed from live nematodes and placed 

on cavity slives. Several drops of solvent were applied and 

the pigment response observed microscopically. If there was 

no immediate colour change or fading of the pigment, the heads 

were crushed to ensure penetration of the solvent to the 

pigment site and more solvent was applied. The slides were 

examined at intervals for up to four hours. 

The pigments were considered soluble if they faded within 

four hours. Though fading in most of the solvents was due to 

dissolving, in a few solvents it may have been caused by 

hydrolysis or oxidation. It was impossible to distinguish 



between t h e s e  r e a c t i o n s  under t h e  mi.croscope. 

E x t r a c t s  were made o f  t h e  heads o f  - E .  a n i s o s p i c u l u s  and 

0. v e s i c a r i u s  w i th  t h r e e  s o l v e n t s  i n  which t h e  pigments faded.  - 
The e x t r a c t s  were made by c r u s h i n g  30 t o  40 heads  i n  0 . 5  m l  

o f  1 N sodium hydroxide and i n  0 . 5  m l  o f  concen t r a t ed  s u l f u r i c  

a c i d  'and by c rush ing  100 heads i n  0 . 5  m l  o f  5% (v/v) concen- 

t r a t e d  hydroch lo r i c  a c i d  i n  ace tone .  V i s i b l e  and W a b s o r p t i o n  

s p e c t r a  o f  t h e  e x t r a c t s  were determined w i t h  a Cary 14 spec t ro -  

photometer.  

An e x t r a c t  was a l s o  made o f  t h e  chromatrope pigment of 

M.  n i g r e s c e n s  by c r u s h i n g  40 heads i n  0 .5  m l  of  d i s t i l l e d  water .  - 
For comparison, e x t r a c t s  o f  human oxyhemoglobin and deoxyhemo- 

g l o b i n  were prepared  i n  d i s t i l l e d  water .  The deoxyhemoglobin 

was prepared  by a d d i t i o n  of' a n  excess  o f  s o l i d  sodium d i t h i o n i t e  

t o  t h e  oxyhemoglobin s o l u t i o n   ernan an do, 1968) .  V i s i b l e  

a b s o r p t i o n  s p e c t r a  were determined w i t h  t h e  Cary 14 .  

2 .  Microspectrophotometry:  

Absorpt ion s p e c t r a  o f  t h e  -- i n  s i t u  pigments o f  t h e  marine 

nematodes and o f  - M. n i g r e s c e n s  were ob ta ined  wi th  a  Shimadzu 

r eco rd ing  microspectrophotometer  ( ~ o d e l  MPS 50~) a t  wavelengths 

from 380 t o  700 nm. The heads o f  l i v e  marine nematodes were 

removed and suspended i n  f i l t e r e d  sea  wate r  on microscope s l i d e s .  

Cover s l i p s  were a p p l i e d  wi th  a  g e n t l e  p r e s s u r e  i n  o r d e r  t o  

f l a t t e n ,  bu t  no t  r u p t u r e  t h e  heads and were s e a l e d  i n  p l a c e .  

Absorpt ion s p e c t r a  o f  t h e  pigment s p o t s  o f  - C .  germanica a d u l t s  

and E. a n i s o s p i c u l u s  l a r v a e  were recorded w i t h  a two micron - 



sample beam, f i v e  micron f i e l d  diaphragm and photomul t ip l ie r  

dynode vo l t age  of 750 v o l t s .  The pigment s p o t s  of t h e  o t h e r  

nematodes were a l l  l a r g e  enough t h a t  a  f i v e  micron sample beam, 

20 micron f i e l d  diaphragm and photomul t ip l ie r  dynode vol tage  

of  650 v o l t s  could be used. The base l ine  was a d j u s t e d  w i t h  

f i l t e r e d  sea water on a  microscope s l i d e  placed i n  t h e  sample 

beam. 

Since  whole heads were being examined, t h e  sample beam 

pass ing  through t h e  eyespot recorded not  only t h e  absorbance 

of  t h e  pigment, but a l s o  t h e  absorp t ion  and s c a t t e r i n g  by 

t i s s u e s  above and below t h e  pigment spot .  The spec t ra  were 

c o r r e c t e d  f o r  t h i s  by determining t h e  absorbance of non- 

pigmented a r e a s  ad jacen t  t o  t h e  pigments s p o t s  and s u b t r a c t i n g  

t h i s  way reproducib le  r e s u l t s  could be obtained from whole head 

mounts of a l l  spec ies  with t h e  except ion of - E. an i sosp icu lus  

and 0. v e s i c a r i u s  a d u l t s .  The l a t t e r  nematodes had much - 
l a r g e r  head diameters  t h a n  t h e  o the r  spec ies  and l a r g e  amounts 

of v a r i a b l y  d i s t r i b u t e d  pigments i n  t i s s u e  surrounding t h e  

eyespot and esophageal pigments. Even a f t e r  t h e  heads were 

compressed i n  o rde r  t o  minimize t h e  amount of t i s s u e  through 

which t h e  sample beam had t o  pass ,  it was d i f f i c u l t  t o  

a s c e r t a i n  whether var  i a t i o n s  i n  t h e  wavelengths of  maximum 

absorp t ion  ( X max) found with d i f f e r e n t  p o s i t i o n s  of  t h e  

sample beam w i t h i n  t h e  pigment spo t s  were causzd by v a r i a t i o n s  

i n  t h e  composition of  t h e  pigment o r  were a c t u a l l y  due t o  



v a r i a t i o n s  jn t h e  d i s t , r i b u t i o n  of o t h e r  t i s s u e  components. This 

problem was overcome through use  of f rozen  s e c t i o n s  ins tead  of 

whole head mounts. Fresh f rozen  sec t ions ,  e i g h t  t o  t e n  microns 

t h i c k ,  prepared a s  descr,ibed below under h is tochemis t ry ,  were 

mounted i n  d i s t i l l e d  water and t h z  absorp t ion  s p e c t r a  of var ious  

s i t e s  i n  t h e  eyespot and esophageal pigment determined. 

The absorp t ion  spectrum of  t h e  chromatrope o f  - M. n igrescens  

was obta ined  from whole heads mounted i n  d i s t i l l e d  water with a 

f i v e  micron sample beam, 20 micron f i e l d  diaphragm and photo- 

m u l t i p l i e r  dynode vol tage  o f  650 v o l t s .  A s  a check on funct ion-  

i n g  of t h e  microspect rophotom~ter  and f o r  comparison of  absorp- 

t i o n  maxima with those  of t h e  nematode pigment, t h e  absorp t ion  

spectrum was a l s o  determined o f  a s o l u t i o n  of  human oxyhemo- 

g lob in  i n  d i s t i l l e d  water contained i n  a g l a s s  c a p i l l a r y  tube  

of approximately t h e  same diameter a s  t h e  nematode head. The 

concen t ra t ion  of t h i s  s o l u t i o n  was a d j u s t e d  so t h a t  t h e  maximum 

absorbance was s i m i l a r  t o  t h e  maximum absorbance of t h z  nematode 

pigment. The oxyhemoglobin s o l u t i o n  was subsequently deoxygenated 

by a d d i t i o n  of sodium d i t h i o n i t e  and t h e  absorp t ion  spectrum 

aga in  detzrmined. 

A l l  absorp t ion  s p e c t r a  a f t e r  c o r r e c t i o n  f o r  v a r i a t i o n s  i n  

t h e  b a s e l i n e  and f o r  absorbance by substances o t h e r  than  t h e  

eyespot o r  esophageal pigment were normalized t o  t h e  absorbance 

maximum i n  order  t o  f a c i l i t a t e  comparison of t h e  p o s i t i o n s  of  

absorp t ion  peaks. 



3. Fluorescence 

The pigments of a l l  seven spec ies  of marine nematodes were 

examined wi th  a  Ze i s s  f luorescence  microscope f o r  f luorescence 

e x c i t e d  by UV l i g h t .  Observations were made on whole heads 

suspended i n  sea water ,  0.01 N sodium hydroxide and 0 .01  N 

hydrochlor ic  a c i d .  Observations were a l s o  made on unfixed 

f rozen  s e c t i o n s  of - E. an i sosp icu lus  and 0. v e s i c a r i u s  a d u l t s  - 
prepared as descr ibed  under h is tochemis t ry  and suspended i n  t h e  

above s o l u t i o n s .  

4 .  Histochemistry 

Histochemical t e s t s  t o  d e t e c t  t h e  presence of  hemoglobin, 

ca ro teno ids ,  hematoidin and b i l e  pigments, melanins, l i p o f u c s i n s  

and hemosiderin were performed on f r e s h  f rozen  s e c t i o n s  of t h e  

heads of  - E. an i sosp icu lus  and - 0. v e s i c a r i u s  a d u l t s .  The heads 

were removed from l i v e  nematodes, r i n s e d  i n  d i s t i l l e d  water t o  

remove adher ing  d e b r i s  and s a l t  c r y s t a l s  and mounted i n  groups 

of t e n  t o  20 i n  Tissue-Tek OCT embedding medium ( ~ m e s  Co., 

E lkhar t ,  ~ n d i a n a ) .  The heads were then  f rozen  i n  a  c r y o s t a t  

a t  -20" C and s e r i a l  s e c t i o n s  e i g h t  t o  t e n  microns t h i c k  were 

c u t  and mounted on albuminized s l i d e s .  Sec t ions  of  E. - 
a n i s o s p i c u l u s  adhered we l l  t o  albuminized s l i d e s ,  but those  of 

0.  v e s i c a r i u s  d id  not .  Sec t ions  of t h e  l a t t e r ,  a f t e r  mounting - 

on s l i d e s  and drying were coated with a  t h i n  l a y e r  of 0.25% 

formvar i n  e thylene  d i c h l o r i d e  and c a r r i e d  through t h e  

s t a i n i n g  procedures  with uncoated and s i m i l a r l y  coated s e c t i o n s  

an i sosp icu lus .  



performed on s e c t i o n s  pos t - f ixed  i n  1% n e u t r a l  buffered  forma- 

l i n  was used t o  d e t e c t  hemoglobin. T h i s  t e s t  i s  based on t h e  

a b i l i t y  of  hemoglobin, a c t i n g  a s  a  peroxidase,  t o  c a t a l y z e  t h e  

ox ida t ion  of  benzidine by peroxide t o  y i e l d  a  blue quinhydrone. 

Thermolabile peroxidases  and c a t a l a s e s  were i n a c t i v a t e d  p r i o r  

t o  t e s t i n g  by hea t ing  t h e  s e c t i o n s  t o  100" C ( ~ e e  and Smith, 

1965) .  The presence of caro tenoids  was t e s t e d  by t h e  murexide 

t e s t  ( ~ i l l i e ,  1965) i n  which caro tenoids  w i l l  sometimes y i e l d  

a  t r a n s i e n t  blue colour  when t r e a t e d  with concentrated s u l f u r i c  

a c i d .  Hematoidin and b i l e  pigments were t e s t e d  f o r  by t h e  Gmelin 

r e a c t i o n  ( ~ e a r s e ,  1961) i n  which progress ive  ox ida t ion  o r  

dehydrogenation by concentrated n i t r i c  a c i d  y i e l d s  va r ious  pig- 

u r ~ - ~ t s  i-ai-,gliig ti? e o l o u r  fi-em red + -  -*~--l - n m n r \ r ,  o n A  hl 
CIV F U L r L L )  61 b b r l  u r l u  u r u u .  

The fol lowing t e s t s  were performed t o  d e t e c t  and d i s t i n g u i s h  

between melanins, l i p o f u c s i n s  and hemosiderin. Reductive 

c a p a c i t i e s  of t h e  pigments were determined by t h e  Masson- 

Fontana s i l v e r  n i t r a t e  reduct ion  method and Schmorl ts  f e r r i -  

cyanide reduct ion  t e s t  ( ~ e a r s e ,  1961) .  The a b i l i t y  t o  t ake  

up f a t  s t a i n s  was t e s t e d  by L i l l i e  and Ashburnt s  O i l  Red 0  

method (Cul l ing ,  1963) and by t h e  Sudan Black B method ( ~ e a r s e ,  

1961) performed on s e c t i o n s  post-  f i x e d  i n  1% formol-calcium. 

S u s c e p t i b i l i t y  t o  bleaching was t e s t e d  by exposure t o  10% 

hydrogm peroxide f o r  4 8  hours ( ~ e a r s e ,  1961) .  Ferrous i r o n  

was determined by t h e  Turnbull  blue method ( ~ y n c h  -- e t  a l . ,  1969 

and f r e e  f e r r i c  i r o n  by P e r l r s  Pruss ian  blue method ( ~ o m o r i ,  



1"&4!, P r g t e f n  h o t ~ n d  ?rrff iirov was d ~ t e r m l n a d  by Per11  s to.? 
h - /  - 
i? 

performed on s e c t i o n s  p r e v i o u s l y  t r e a t e d  f o r  30 minutes w i t h  

a l k a l i n e  30; hydrogen peroxide  t o  unnmsk t h e  i r o n  by dena tu r ing  

t h e  p r o t e i n  (Pea r se ,  1951) .  The a b i l i t y  t o  c h e l a t e  f e r r o u s  

i o n s  xas t e s t e d  by t h e  f e r r o u s  i r o n  uptake method ( ~ i l l i e ,  

1965) .  

I n  o r d e r  t o  a s c e r t a i n  whether o r  no t  t h e  pigment g ranu le s  

were lysosomes t h e  presence  o f  a c i d  phosphatase was determined 

by tl- s t a n d a r d  coupl ing  azo  dye t echn ique  (Pea r se ,  1961) and 

by Gomoril s l e a d  n i t r a t e  method (Gomori, 1964) performed on 

s e c t i o n s  p o s t - f i x e d  i n  1% n e u t r a l  bu f f e red  formal in .  Fresh 

f r o z e n  s e c t i o n s  o f  f r o g  l i v e r  known t o  c o n t a i n  a c i d  phospha- 

t a s e  were used as a c o n t r o l .  

C .  R e s u l t s  

1. S o l u b i l i t y  t e s t s  

The r e s u l t s  o f  t h e  s o l u b i l i t y  t e s t s  on t h e  i n  s i t u  nema- -- 
t o d e  pigments a r e  summarized i n  Tables  I1 and 111. The eyespot . - 

pigments of a l l  marine s p e c i e s  w e r e  i n s o l u b l e  i n  water  and 

r a p i d l y  s o l u b l e  i n  1 N sodium hydroxide,  but shv,qed va ry ing  

degrees  9f s o l u b i l i t y  i n  t h e  hydroch lo r i c  a c i d  s o l u t i o n s .  

The chromatrope pigment o f  - $1. n ig re scens ,  i n  c o n t r a s t  t o  t h e  

marine nematode pigments was r a p i d l y  so lub le  i n  d i s t i l l e d  

wate r .  A l l  pigments t e s t e d  were r a p i d l y  faded by concen t r a t ed  

HC1, HNOa and H2SO4 w i t h  t h e  except ion  of t h e  eyespot pigment 

of  E. a n i s o s p i c u l u s  and Enoplus sp.  which was not  a f f e c t e d  by - 

concen t r a t ed  H C 1 .  Each o f  t h e  fou r  pigments t e s t e d  wi th  t h e  



Table I1 

S o l u b i l i t y  of  i n  s ? t u  Nematode Figments in Water, Acid  and 
7 -- 

Alka l i .  + = s ~ l u b l e ,  - - - i n so lub le ,  NT = not t e s t e d  

conc. conc. conc. 
water 1 K a O H  1 N H C 1  H C l .  HN03 H 2 S 0 4  

f a s t  + 
Enoplus spp. 

eyespot pigment 
esophageal pigment - 

0. skawensis - f a s t  + 
0. v e s i ~ a ~ i u s  - 

major coclponent - 
minor component - 

slow + 
f a s t  + 

S e u r a t i e l l a  sp.  slow + 
Symplocostoma s p .  fast + 



Table 111 

S o l u b i l i t y  of -- i n  s i t u  Marine Nematode Pigments i n  Organic 
Solvents  and Other Reagents 

- i n so lub le ,  + = soluble ,  2 = p a r t l y  so luble ,  - - 
NT = not t e s t e d  

0. v e s i c a r i u s  Enoplus spp. 
maTor minor eyespot esophageal 

component component pigment pigment 

acetone - 
acetone - 5% K C 1  + 
but anone NT 
ethanol  NT 
methanol - 
but an01 NT 
benzene - 
chloroform - 
cyclohexane - 
dimethyl su l fox ide  NT 
d i e t h y l  e the r  NT 
dioxane - 
hexane it?: 
petroleum e t h e r  NT 
pyr id ine  NT 
xy lene  NT 
1% aqueous d i g i t o n i n  - 
1% methanolic d i g i t o n i n  - 
Tri ton-  X- 100 - 
4 M urea - 
4 M urea and Triton-X-100 - 
(1: 1) 



k 

t c h a r a c t e r i s t i c s .  
i 

Although t h e  pigments o f  - @. v e s i c a r i u s  and - E. a n i s o s p i c u l ~ s  

were complete ly  faded by t r ea tmen t  wi th  e i t h e r  1 N sodium 

hydroxide o r  concen t r a t ed  s u l f u r i c  a c i d ,  the  e x t r a c t s  i n  t h e s e  

s o l v e n t s  when r ead  i n  t h e  Cary 1 4  had no s i g n i f i c a n t  a b s o r p t i o n  

except f o r  a  smal l  peak a t  280 nm probably caused by a rcmat ic  

amino a c i d s .  ,The l a c k  of  pigment abso rp t ion  may have been due 

t o  p r o t e i n  h y d r o l y s i s  and pigment breakdom caused by t h e  

s o l v e n t s  o r  t h e  pigment may n o t  have been s u f f i c i e n t l y  concen- 

t r a t e d  i n  t h e  e x t r a c t s .  The eyespot  pigment of  - 0. v e s i c a r i u s  - 
was complete ly  faded by acetone-HC1, but  upon e x t r a c t i o n  i n  

t h i s  s o l v e n t ,  a g a i n  on ly  a  smal l  peak a t  280 nm was ob ta ined .  

smal l  a b s o r p t i o n  peak a t  3 6 ~  nm i n  a d d i t i o n  t o  t h e  peak a t  

280 nm. The former peak was probably due t o  some component 

of t h e  esophageal  pigment s i n c e  t h i s  pigment was p a r t i a l l y  
- - 

removed by acetone-HC1 whi le  t h e  eyespot pigment was completely 

u n a f f e c t e d .  

The chromatrope pigment o r  - El. n ig rescens  was e x t r a c t e d  i n t o  

d i s t i l l e d  water .  The p o s i t i o n s  o f  t h e  abso rp t ion  peaks and t h e  

cor responding  absorbances  ob ta ined  wi th  t h e  Cary 14  of  t h i s  

pigment and of human oxy and deoxyhemoglobin a r e  shown i n  

Table  IV. The a b s o r p t i o n  spectrum of  t h e  pigment o f  - FI. n ig re scens  

was s i m i l a r  t o  t h a t  o f  huinan oxyhemoglobin except t h a t  t h e  

absorbance of t h e  be t a  peak was s o  much higher t h a n  t h a t  o f  t h e  



Table I V  

The wavelengths of masimnum avsory t ion  2nd corresp?nding absor-kances 
of  aqueous e x t ~ a c t s  of  h ~ m n  0x3~- and deoxynenoglobin 

and of t h e  chromatrope pigment of ?$:. n i g r e s c e ~ l s  
as determined with t h e  car? 1%. 

Absorption Oxyhemoglobin Deo~yhemoglobin - M. nigrescens 
peaks nm absorbance nm absorbance - nn absorba.ni?e 

Sore t  415 1.81 429 1.80 4 10 0.120 

beta 54 0 0.64 543 0.054 

v i s i b l e  

alpha 57 5 0.635 shoulder 
- 



a  shoulder .  

2. Microspectrophotometry 

The co r rec t ed  and normalized abso rp t ion  spec t r a  obtained 

wi th  t h e  microspectrophoton~eter  from t h e  i n  s i t u  eyespot pig- -- 
ments of  whole head mounts o f  - C .  gerrnanica, 0. skariensis, - 
S e u r a t i e l l a  sp.  and Symplocoston~~ sp. and from f rozen  s e c t i o n s  

of  - 0. v e s i c a r i u s  a r e  shown i n  F igure  13. The p o s i t i o n s  of t h e  

abso rp t ion  peaks and t h e  corresponding cor rec ted  absorbances 

f o r  t h e s e  s p e c t r a  and t h e  ones descr ibed  below a r e  summarized 

i n  Table V. The absorbances  given a r e  from s i n g l e  nematodes, 

bu t  a r e  t y p i c a l  of each spec ie s .  Var i a t ion  was found i n  t h e  

absorbances o f  i n d i v i d u a l  eyespots ,  but w i th in  each spec ie s  

t h e  s p e c t r a  were q u a l i t a t i v e l y  t h e  same. 

The a b s o r p t i o n  s p e c t r e  of t h e  eyespot pigment of  whole 

head mounts of - E.  ani .sospiculus  l a r v a e  and o f .  t he  eyespot and , 

esophageal pigments offi-esh f rozen  s e c t i o n s  of a d u l t s  a r e  shown 
- -  

i n  Figure  14. Regardless  of t h e  p o s i t i o n  of the  sample beam 

w i t h i n  t h e  pigment s p o t ,  t h e  l a r v a l  eyespot pigment gave a  

c o n s i s t e n t  a b s o r p t i o n  spectrum wi th  a  s i n g l e  broad peak a t  

500 - 515 nm. The a d u l t  eyespot however, showed some v a r i a t i o n  

depending on whether a n t e r i o r  o r  p o s t e r i o r  po r t ions  of t h e  

spo t  were being examined. The abso rp t ion  spectrum shown he re  

w i t h  peaks a t  450 - 460 and 500 - 515 nm was obtained from t h e  

a n t e r i o r  of t h e  a d u l t  eyespot .  The a d u l t  esophageal pigment 

a l s o  showed v a r i a t i o n s  i n  a b s o r p t i o n  depending on t h e  l o c a t i o n  



Figure  13. Correc ted  and normalized a b s o r p t i o n  s p e c t r a  o f  i n  
s i t u  eyespot  pigments of  C .  gerrnanica, 0 .  skawensis,  
0. v e s i c a r i u s ,  ~ymplocost%a sp.  and ~ e z r a t i e l l a  sp .  - 
Obtained wi th  microspectrophotometer .  



---- 0. skawensis _ _ _ _ _  0. vesicarius 

-- Symplocostoma sp , 
. . . . . . . Seuratiella sp. 

40 0 500 600 
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Table  V 

k Wavelengths of  Maximum Absorpt ion and Typica l  
Cor rec ted  Absorbances f o r  Pigment Absorpt ion Spec t r a  

Obtained wi th  t h e  Microspectrophotometer 

nm absorbance 

C .  germanica eyespot  - 
0. v e s i c a r i u s  eyespot  - 

0. skawensis eyespot  - 
Seura t  i e l l a  sp .  eyespot  
Symplocostoma sp .  eyespot  
E.  a n i s o s p i c u l u s  - 

l a r v a l  eyespot  
a d u l t  eyespot  

a d u l t  esophageal  pigment 

a d u l t  hypodermal chord 

M. n i g r e s c e n s  chromatrope - 

Human oxyhemoglobin 

Human deoxyhemoglobin 

485 
535 
480 ( shou lde r )  
465 
525-530 
54 0- 550 
4 85 

450 ( shou lde r )  
550 ( shou lde r )  
570 ( s h o u l d e r  1 62.2 , shou ldc r  , 
630 ( shou lde r )  

54 3 
583 ( shou lde r )  



Figure  1 4 .  Cor rec ted  and normalized -- i n  s i t u  a b s o r p t i o n  spec t r a  
of pigments i n  - E. anisosr-czl - -us .  Microspectrophoto- 
metry on ~ h o l ?  l a r v a e  anii f r o z e n  s e c t i o n s  ol" a d u l t s .  



. - I -. \ adult eyespot pigment \, 
\ - larval eyespot pigment '-- 

---I adult esophageal pigment %h '+ 

L I I I 

400 500 600 
WAVELENGTH (nm) 



of  t h e  pigment i n  t h e  nematode. The spectrum shown f o r  t h i s  

pigment wi th  a  peak a t  420 nm and f i v e  shou lde r s  was ob ta ined  

from esophageal  pigment l o c a t e d  a t  some d i s t a n c e  p o s t e r i o r  t o  

t h e  eys spo t .  Absorpt ion s p e c t r a  ob ta ined  from a r e a s  i n  t h e  

p o s t e r i o r  o f  t h e  eyespots  and i n  t h e  a n t e r i o r  p o r t i o n s  of  t h e  

esophageal  pigment gave r e s u l t s  i n t e r m e d i a t e  t o  t h e  two t y p z s  

shown. The shou lde r s  suggested a t  450, 550, 570, 610 and 630 

nm i n  t h e  p o s t e r i o r  esophageal  pigment were r ep roduc ib l e .  

Microspectrophotometr ic  examination o f  hypodermal chord 

m a t e r i a l  a d j a c e n t  t o  t h e  eyespot  pigment i n  whole head mounts 

of  - E. a n i s o s p i c u l u s  a d u l t s  y i e l d e d  t h e  a b s o r p t i o n  spectrum 

shown i n  F i g u r e  1 5  which i s  t y p i c a l  of  a n  oxyhemoglobin. 

The a b s o r p t i o n  spectrum ob ta ined  wi th  t h e  microspectro-  

photometer from t h e  -- i n  s i t u  pigment of  - M. n i g r e s c e n s  ( ~ i g .  16j 

compared favourab ly  wi th  t h a t  ob t a ined  wi th  t h e  Cary 14 from 

e x t r a c t e d  pigment. A good agreement was a l s o  found between t h e  

a b s o r p t i o n  s p e c t r a  of  c a p i l l a r y  t u b e s  of  human oxy- and deoxy- 

hemoglobin s o l u t i o n s  ob ta ined  wi th  t h e  microspectrophotometer  

( ~ i g .  16) and of t h e  same s o l u t i o n s  w i th  t h e  Cary 14 .  

3.  Fluorescence  

No f l u o r e s c e n c e  under UV l i g h t  was v i s i b l e  i n  any o f  t h e  

pigmented a r e a s  of t h e  marine nematodes, a l t hough  o t h e r  a r e a s  

of  t h e  body such as  t h e  g u t  c o n t e n t s ,  ova and t e e t h  d i d  

f l u o r e s c e .  I n  - 0. v e s i c a r i u s  and E.  a n i s o s p i c u l u s  a d u l t s ,  t h e r e  - 
was a  l a r g e  amount of g e n e r a l  body f luo re scence  which i n  whole 

mounts could  have been s u f f i c i e n t  t o  obscure  pigment f l uo re scence .  



Figure  15. Corrected and normalized i n  s i t u  a b s o r ~ t i o n  s ~ e c t . r u m  -- 
of hypodermal chord hemoglobin i n  E. an i sosp icu lus  
a d u l t s .  Obtained with  t h e  microsp~ct rophotometer .  



I I I 1 I 
400 500 600 
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Fig-yre 16. Correc ted  and normal ized a b s o r p t i o n  spec t r a  of  t h e  
i n  s i t u  chromatrope pigment of 1.1. nigrescens  and of -- 
human o x -  and deo.y~hen!oglobin S o l u t i o n s  i n  c a p i l -  
l a r y  t ubes .  Obtained w i t h  t h e  rnicrospectrophoto- 
meter.  



M. n igrescens 
-I- Human oxyhgb. 

Human deoxyhgb. 

400 500 600 

WAVE IENGTH (nm) 



Fro7,an s e c t i o n s  o f  t h e s e  s p e c i e s  were examined, but  no pigment 

f l u o r e s c e n c e  was observed.  

4 .  His tochemis t ry  

The eyespot  pigment of  0. v e s i c a r i u s  a d u l t s  and t h e  eyespot  - 
f 

and esophageal  pigments of - E. a n i s o s p i c u l u s  a d u l t s  a l l  gave 

n e g a t i v e  r e a c t i o n s  t o  t h e  t e s t s  f o r  hemoglobin, c a r o t e n o i d s ,  

b i l e  pigments and hematoidin.  The hypodermal chords  and non- 

pigmented esophageal  muscle of both s p e c i e s  gave p o s i t i v e  

r e a c t i o n s  f o r  hemoglobin. The r e s u l t s  o f  t h e  t e s t s  f o r  melanins,  

1 . ipofucs ins  'and hemosider in  a r e  summarized i n  Table  V I .  Typica l  

r e a c t i o n s  o f  t h e  l a t t e r  pigments a r e  shown i n  Table  V I I  of t h e  

d i s c u s s i o n  s e c t i o n .  

None of t h e  h i s tochemica l  t e s t s  except t h o s e  f o r  a c i d  

phosphatase  were a d v e r s e l y  a f f e c t e d  by formvar c o a t i n g  of  t h e  

s e c t i o n s .  I n  s e c t i o n s  of  f r o g  l i v e r  t h e  a c i d  phosphatase  

r e a c t i o n  was i n h i b i t e d  by t h e  formvar c o a t i n g  p o s s i b l y  because 

o f '  enzyme i n a c t i v a t i o n  by t h e  e t h y l e n e  d i c h l o r i d e  i n  which t h e  

formvar was d i s s o l v e d  o r  because t h e  r e a g e n t s  could  no t  p e n e t r a t e  

t h e  formvar l a y e r .  The n e g a t i v e  r e a c t i o n  g iven  by formvar 

coa t ed  s e c t i o n s  o f  - 0. v e s i c a r i u s  d i d  no t  t h e r e f o r e  i n d i c a t e  t h e  

absence o f  a c i d  phosphatase .  

D. Discuss ion:  

D i f f e r ences  shown i n  t h e  chemical  c h a r a c t e r i s t i c s  of t h e  

nematode pigments i n d i c a t e d  t h a t  t h e r e  must be s e v e r a l  t y p e s  

o f  pigment involved .  The pigments o f  some s p e c i e s  d i d  however 

e x h i b i t  s i m i l a r  c h a r a c t e r i s t i c s .  I n  t h e  fo l lowing  s e c t i o n  t h e  
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r e s u l t s  a r e  d i scus sed  s p e c i e s  by s p e c i e s  wi th  t h o s e  having 

s i m i l a r  pigment c h a r a c t e r i s t i c s  grouped t o g e t h e r .  

1. - E. a n i s o s p i c u l u s  and Enoplus sp .  

The eyespot  and esophageal  pigments of - E. a n i s o s p i c u l u s  

a d u l t s  were i n i t i a l l y  thought  t o  be t h e  same because of  t h e  

apparen t  s i m i l a r i t y  i n  co lou r ,  s i z e  and shape o f  t h e  g ranu le s .  

However, t h e  s o l u b i l i t y  and h i s tochemica l  t e s t s  and t h e  absorp- 

t i o n  s p e c t r a  r evea l ed  t h a t  t hey  had d i f f e r e n t  chemical charac-  

t e r i s t i c s .  Most of t h e  pigment i n  t h e  eyespots  was much more 

i n s o l u b l e  t h a n  t h e  esophageal  pigment, but  i n  t h e  pe r iphe ry  of  

t h e  eyespots  and i n  esophageal  pigment j u s t  p o s t e r i o r  t o  them, 

both s o l u b l e  and i n s o l u b l e  pigments were found. The eyespot  

and esophageal  pigments a p p a r e n t l y  merge i n  t h e s e  a r e a s  wi thout  

d i s c r e t e  boundar ies .  

F u r t h e r  evidence of  t h e  presence  of  two pigments was 

ob ta ined  from t h e  a b s o r p t i o n  s p e c t r a  ( F i g .  1 4 ) .  I n  t h e  eyespots ,  

t h e  pigment c o n s i s t e d  of  two components, one abso rb ing  maximally 

a t  500 t o  510 nm and t h e  o t h e r  a t  450 t o  460 nm. The peak 

a t  450 nm was r e l a t i v e l y  l a r g e r  i n  t h e  pe r iphe ry  of  t h e  

eyespots  t h a n  i n  t h e  c e n t r a l  p o r t i o n  of t h e  s p o t s  i n d i c a t i n g  

a  h i g h e r  c o n c e n t r a t i o n  o f  t h i s  component a t  t h e  pe r iphe ry .  

The p o s t e r i o r  esophageal  pigment absorbed maximally a t  420 nm 

and had shou lde r s  a t  450, 570, 610 and 630 nm. A t  l o c a t i o n s  

between t h e s e  two, t h e  pigment gave i n t e r m e d i a t e  t y p e s  of 

a b s o r p t i o n  s p e c t r a .  Larva l  eyespot  pigment had only one type  

of  a b s o r p t i o n  spectrum wi th  a  peak c o n s i s t e n t l y  a t  500 t o  510 



nm t h e  same a s  t h e  major componenL of i11e a d u l t  eyespot piginen'i. 

The extreme s t a b i l i t y  and d i f f i c u l t y  of e x t r a c t i o n  of  t h e  

eyespot pigmsnt t o g e t h e r  iqith i t s  a b s o r p t i o n  spectrum suggested 

t h a t  it might be e i t h e r  a  melznin o r  a  l i p o f u c s i n .  Both 

pigments a r e  complex h i g h l y  o x i c i z e d  polymers of va ry ing  compo- 

s i t i o n  whose s t a b i l i t y  i s  due a t  l e a s t  i n  p a r t  t o  a  t i g h t l y  

bound p r o t e i n  component and which e x h i b i t  a  broad a b s o r p t i o n  

i n  t h e  v i s i b l e  range ( ~ e a r s e ,  1961 and Nicolaus,  1968). 

Animal melanins  c o n s i s t  o f  two t y p e s ,  t h e  brown t o  b l ack  

eumelanins de r ived  from t y r o s i n e  and t h e  yellow, r e d  o r  brown 

phaeomelanins de r ived  from both t y r o s i n e  and c y s t e i n e .  Both a r e  

formed by similar precesses invc '  v ing  quinone format ion,  and 

subsequent -ox ida t  ion ,  po lymer iza t ion ,  and inco rpo ra t ion  o f  f r e e  

r ad i c l e s ,  but  i n  phaeomelanins Ohere a r e -  thought t o  be fewer 

a c t i v e  c e n t e r s  f o r  po lymer iza t ion ,  r e s u l t i n g  i n  t h e  l i g h t e r  

co lou r  and s l i g h t l y  h i g h e r  s o l u b i l i t y  o f  t h e  l a t t e r  pigments 

(Nico laus ,  1968). The p r o t e i n  compcnent of melanin o f t e n  . - 

becomes v i s i b l e  a s  c o l o u r l e s s  g r a n u l e s  when t h e  pigm3nt i s  

decolour ized  through o x i d a t i o n  ( P e a r s e ,  1961) . 
11 I I L ipo fucs ins ,  a l s o  knoxn a s  wear and t e a r "  o r  aging" 

pigments, chromolipid ,  haemofucsin, lipochrome and c e r o i d ,  a r e  

a  l a r g e  c l a s s  of compounds de r ived  mainly o r  p a r t l y  from l i p i d  

p recu r so r s  through o x i d a t i o n  and polymerizat ion.  The i r  

c h a r a c t e r i s t i c s  change as o x i d a t i o n  and polymerizat ion proceeds 

from trhose of t h e  l i p i d  p r e c u r s o r s  t o  t h o s e  o f  p a r t i a l l y  oxi-  

d i zed  l i p i d s  and f i n a l l y  t o  t h o s e  o f  f i l l y  ox id ized  l i p i d s  



t o  be f o m e d  i n  or  from lj- .r~somes and a r e  c f t e n  found essoc ie ted  

w i t h  l y s o s o ~ ~ l a l  enzymes such a s  a c i d  phosphatases o r  e s t e r a s e s  

( ~ e a r s e ,  1961 and B r k a  and Anderson, 1965). 

The t y p i c a l  r e a c t i o n s  of melanins and of l i p o f v c s i n s  

 able VII) a r e  obtained mainly from s tud ies  of mmnalian 

pigments (Pearse ,  1961 ; L i l l i e ,  1965; B a r k  and Anderson, 1965).  

Re la t ive ly  l i t t l e  work has been done on pigment from o the r  

souyces (Pea r se  1961; Nicolaus, 1968).  

A comparison of t h e  r e s u l t s  obtained for  t h e  eyespot 

pigment of - E. a n i s ~ s p i c ~ l u s   able VI) w i t h  t h e  t y p i c a l  r e a c t i o n s  

of melanins and l i p o f u c s i n s  fi able V I I )  s h w s  t h a t  t h e  eyespot 

pigment d id  not  exh ib i t  a l l  t h e  t y p i c a l  reac t ions  of  e i t h e r  of 

t h e  l a t t e r  pigments. It d i d  however, exhib i t  more of t h e  

r e a c t i o n s  of melanins t h a t  of Pipofucsins ,  The s o l u b i l i t y ,  

reduct ion  of a l k a l i n e  s i l v e r  n i t r a t e ,  peroxide bleaching, and 

a c i d  phosphatase r e s u l t s  were a l l  i nd ica t ive  of melanins. 

The f e r r o u s  ion  uptake t e s t ,  when p o s i t i v e ,  i s  s p e c i f i c  f o r  

melanins but melanins do not  always g ive  a  p o s i t i v e  r e a c t i o n  

( ~ i c o l a u s ,  1968) .  The nega t ive  r e a c t i o n  of t h e  eyespot pigment. 

does not  t h e r e f o r e  r u l e  out melanins. The only reac t ions  of 

t h e  eyespot pigment which suggested t h e  presence of  l i p o f u c s i n  

rcpre t h e  s l i g h t  uptake of  Sudan Black B and t h e  s l i g h t  p o s i t i v e  

r e a c t i o n  t o  the bound f e r r i c  i r o n  t e s t .  B ~ t h  of t h e s e  r e a c t i o n s ,  

however, were a l s o  give11 by t h e  esophageal pigment  a able V I )  

though more s t rongly .  As previous ly  discussed, t h e r e  i s  evidence 
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t h a t  a  smal l  amount of  esophageal  pigment i s  p r e s e n t  i n  t h e  

a d u l t  eyespots .  The l i p i d  and i r o n  r e a c t i o n s  o f  t h e  eyespot  

pigment can t h e r e f o r e  be a t t r i b u t e d  t o  t h i s  esophageal  pigment 

componmt. The l a c k  o f  UV f luo re scence  and t h e  presence  of  

c o l o u r l e s s  g r a n u l e s  a f t e r  perox ide  b l each ing  provided f u r t h e r  

evidence t h a t  most o f  t h e  eyespot  pigment i s  melanin and no t  

l i p o f u c s i n .  

The eyespot pigment o f  Enoplus sp .  i s  probably a l s o  a 

melanin s i n c e  as  f a r  a s  i t  was t e s t e d  i t  gave t h e  same r e a c t i o n s  

a s  t h e  eyespot  pigment o f  - E. a n i s o s p i c u l u s .  Melanin has  pre-  

v i o u s l y  been d e t e c t e d  i n  t h e  eyespot  pigment o f  t h e  c l o s e l y  

r e l a t e d  s p e c i e s ,  - E.  cornmunis  roll, 1 9 6 6 ~ ) .  

The esophageal  pigment of  - E.  a n i s o s p i c u l u s  d i d  no t  e x h i b i t  

t h e  s o l u b i l i t y ,  a b s o r p t i o n  spectrurrl or.  h ~ s t u c i ~ e m l e a l  i-eactlons 

of  e i t h e r  a  melanin o r  a l i p o f u c s i n ,  bu t  i n s t e a d  had t h e  

c h a r a c t e r i s t i c s  of  t h e  c l a s s  of  i r o n  s t o r a g e  pigments known 

as hemosider ins .  This  heterogeneous group o f  brown g r a n u l a r  

pigments c o n t a i n s  f e r r i c  hydroxides  i n  va ry ing  c o n c e n t r a t i o n s  

and p h y s i c a l  forms, p r o t e i n  c a r r i e r  subs t ances ,  l i p i d s ,  muco- 

po lysaccha r ides  , guanine and 2- deoxy-D-ribose ( w e l l s  an?L Wolken, 

1962; Ludewig, 1957). The i r  h i s tochemica l  r e a c t i o n s ,  summarized 

i n  Table V I I  i n c l u d e  s o l u b i l i t y  i n  s t r o n g  a c i d s  and a l k a l i e s ,  

vary ing  s o l u b i l i t i e s  i n  o rgan ic  s o l v e n t s ,  p o s i t i v e  r e a c t i o n s  

f o r  l i p i d  and f e r r i c  i r o n ,  b leach ing  by peroxide  and l a c k  of 

f l uo re scence  under W l i g h t  ( ~ z a r s e ,  1961; L i l l i e ,  1965; Barka 

and Anderson, 1965) .  The esophageal  pigment of  - E. a n i s o s p i c u l u s  



exhi b i t n d  a l l  t he se  c h a r a c t e r i s t i c s .  I n  a d d i t i o n ,  t h e  f e r r i c  

component o f  hemosider in  can be removed by a c i d  e x t r a c t i o n  

( ~ i l l i e ,  1965) and h a s  a n  a b s o r p t i o n  peak between 330 and 360 

nm ( ~ a n d r i t t e r  -- e t  a l . ,  1966) .  The a b s o r p t i o n  peak a t  360 nm 

i n  t h e  acetone-KC1 e x t r a c t  o f  - E. a n i s o s p i c u l u s  heads can t h e r e -  

f o r e  be a t t r j b u t e d  t o  a f e r r i c  component removed from t h e  

esophageal  pigment. 

I n  microspectrophotometr ic  s t u d i e s  o f  n a t u r a l  and induced 

mammalian hemosider in  granules , ,  a b s o r p t i o n  s p e c t r a  similar t o  

t h a t  of  t h e  esophageal  pigment of  - E. a n i s o s p i c u l u s  were ob ta ined  

( w e l l s  and Wolken, 1962; S a n d r f t t e r  -- e t  a l . ,  1966). A S o r e t  peak 

between 405 and 415 nm and s e v e r a l  sma l l  peaks and shou lde r s  

between 450 and 637 run were a t t r i b u t e d  t o  a b s o r p t i o n  by por- 

phy r in s  de r ived  from hemoglobin deg rada t ion .  The p r o g r e s s i v e  

d e p o s i t i o n  wi th  age  o f  t h e  esophageal  pigment of  - E. a n i s o s p i c u l u s  

sugges t s  t h a t  it i s  a s t o r a g e  product  of  some metabol ic  p roces s ,  

p o s s i b l y  t h e  deg rada t ion  hemoglobins d e t e c t e d  i n  t h e  esophageal  

muscle and nearby t i s s u e s .  S i m i l a r  i r o n  c o n t a i n i n g  g ranu le s  

have been observed i n  the  esophageal  muscle and i n t e s t i n a l  

c e l l s  of t h e  f r e e  l i v i n g  marine nematode, Pontonema v u l g a r i s  

( ~ e n n i n g s  and Colam, 1970) and i n  t h e  i n t e s t i n a l  c e l l s  of many 

p a r a s i t  .ic nematodes (Fernando,  1968) . I n  t h e  animal  p a r a s i t i c  

nematodes, i t  has  been sugges ted  t h a t  t h e  g r a n u l e s  r e s u l t  

from hemoglobin deg rada t ion   ernan an do, 1968) . 
2. S e u r a t i e l l a  sp .  

The broad a b s o r p t i o n  spectrum o f  t h e  eyespot  pigment of 



t h i s  s p e c i e s  ( ~ i g .  13) and t h e  few s o l u b i l i t y  t e s t s  done  able 

11) showed t h a t  t h e  pigment was n e i t h e r  a  hemoglobin nor  a  

ca ro t eno id .  Although f u l l y  ox id i zed  l i p o f u c s i n s  e x h i b i t  a s i m -  

i l a r  broad a b s o r p t i o n  spectrum, u n l i k e  t h e  eyespot  pigment, 

t hey  a r e  i n s o l u b l e  i n  1 N NaOH and a r e  u s u a l l y  f l uo re scence  

( ~ e a r s e ,  1961) .  F u l l y  developed eumelanins a l s o  e x h i b i t  a  

broad a b s o r p t i o n  s p x t r u m ,  bu t  i n  c o n t r a s t  t o  l i p o f u c s i n s ,  a r e  

s o l u b l e  i n  1 N NaOH and non- f luorescen t  (Nico laus ,  1968; Pearse ,  

1961) .  The c h a r a c t e r i s t i c s  o f  t h e  eyespot  pigment was t h e r e f o r e  

more l i k e  t h o s e  o f  a eumelanin t h a n  a l i p o f u c s i n .  F u l l y  devel-  

oped eumelanins abso rb  maximally a t  530 t o  

1968) but  a r e  n o t  u s u a l l y  s o l u b l e  i n  concen t r a t ed  H C 1  ( ~ e a r s e ,  

1961) .  Incomplete ly  polymerized eumelanins a l s o  abso rb  maxi- 

mally a t  930 t o  540 nm but  i n  c o n t r a s i  a r z  ltiorie swluble 

(Nico laus ,  1968) .  The eyespot  pigment i s  t h e r e f o r e  most l i k e l y  

a n  incomplete ly  polymerized eumelanin o r  a phaeomelanin. 

3. - C .  germanica and Symplocostoma sp .  

The eyespot  p i g m m t s  o f  t h e s e  s p e c i e s  were similar i n  both 

s o l u b i l i t y   a able 11) and a b s o r p t i o n  c h a r a c t e r i s t i c s  ( F i g .  13)  

and do n o t  appear  t o  c o n t a i n  hemoglobin, melanin o r  l i p o f u c s i n .  

It i s  p o s s i b l e  t h a t  t hey  c o n t a i n  c a r o t e n o i d s  s i n c e  c a r o t e n o i d s  

abso rb  maximally betwean 400 and 500 nm. Also s u g g e s t i v e  of a  

ca ro t eno id ,  t h e  pigments o f  both s p e c i e s  faded a f t e r  nematode 

dea th  ( ~ h .  11). Since  t h e  f a d i n g  occur red  du r ing  exposure t o  

e i t h e r  l i g h t  o r  darkness ,  it was not  caused by p h o t o l y s i s ,  but  

probably by an  o x i d a t i v e  process .  Many pigments,  i n c l u d i n g  



c a r o ~ e n o i d s ,  l o s e  t h e i r  colour u ~ w n  oxidat'ion   ox znd '\-ei.ei.s, 

1960) .  Dif ferences  observed i n  t h e  of fading of t h e  two 

spec ies  can be a t t r i b u t e d  t o  d i f f e r e n c e s  i n  t h e  r a t e s  of inward 

d i f f u s i o n  of ox id iz ing  substances from t h e  environment a f t e r  

nematode death.  Since C .  germanica i s  a  smaller nematode and - 

has a  t h i n n e r  c u t i c l e  t h a t  Symplocosto~ra sp., such inidard d i f -  

fus ion  could occur more rap id ly  i n  t h e  former spec ies  r e s u l t i n g  

i n  f a s t e r  fad ing  of  t h e  pigment. 

I n  a  recent  microspectrophotometric study of t h e  eysspot 

pigment of - C .  v i r i d i s ,  a  spec ies  c l o s e l y  r e l a t e d  t o  - C .  germanica, 

an  absorpt ion  spectrum very s i m i l a r  t o  t h a t  of - C .  gerrnanica 

and Sy~;lplocostoma - sp.  eyespots was obtained e roll -- e t  a l . ,  1372).  

This r e s u l t  i n v a l i d a t e d  a  previous r epor t  (Cro l l ,  1366a) t h a t  

t h e  pigment of - C .  v i r i d i s  was a  hemoglobin. I n  t h e  more recent  

study no suggest ion was made a s  t o  t h e  a c t u a l  i d e n t i t y  of t h e  

pigment. 

4 .  - 0. skawensis and - 0. v e s i c a r i u s  

The eyespol pigment of - 0. skawensis had t h e  same solubility 

a s  t h e  - C .  germanica and -- Sym~locostoma sp. pigments (Table 11) 

and l i k e  t h e s e  pigments did not  appear t o  be a hemoglobin, 

melanin o r  l i p o f u c s i n .  The absorp t ion  spectrum, however, 

d i f f e r e d  from those  of - C .  ---- german'ca and Syrsplocostonla sp.  

( ~ i g .  13) and was more typ ic21  of a  carotenoid sp.:ctrum than  

were t h e  l a t t e r .  The pigment of - 0. skawensis a l s o  faded i n  

l i g h t  o r  darkness a f t e r  nematode death,  providing f u r t h z r  

evidenc2 t h a t  it may be a caro tenoid .  



v e s i c z r i u s  u n l i k e  t h o s e  of t h e  c l o s e l y  1-elated 0. skariensis  - 
i n d i c a t e d  t h e  presence  o f  two d i f f e r e n t  t y ~ e s  of pigment 

( ~ a b l e s  11, 111). b'lost of t h e  pigment was slolv~ly s o l u b l e  i n  

1 N H C l  and i n s o l u b l e  i n  o rgan ic  s o l v e n t s ,  x h i l e  a minor 

component i n  c o n t r a s t  was r a p i d l y  s o l u b l e  in 1 N KC1 and 

s o l u b l e  i n  some o rgan ic  s o l v e n t s .  Nei ther  o f  t h e  components 

had t h e  t y p i c a l  h i s tochemica l  r e a c t i o n s  o f  a  hemoglobin, b i l e  

pigfilent, henlatoidin o r  l i p o f u c s i n .  The s o l u b i l i t y  c h a r a c t e r -  

i s t i c s  of  t h e  major component o f  t h e  pigment, l i k e  t h o s e  o f  

S e u r a t i e l l a  sp .  pigment i n d i c a t e d  t h a t  it a l s o  i s  probably a  

phaeomelanin o r  lncornplet e l y  polymerized emelanFn. The r a p i d  

b l each ing  by pe rox ide  and i n a b i l i t y  t o  reduce a l k a l i n e  s i l v e r  

n i l  r a t e  confirmed t h a t  it was no t  a  f u l l y  developed sumelanin. 

The minor component, l i k e  a l l  t h e  pigment of - 0. skawensis,  - C .  

germanica and Sympli~costoma s p . ,  had s o l u b i l i t y  and f ad ing  

c h a r a c t e r i s t i c s  i n d i c a t i n g -  tha t ,  it may be a ca ro tenoid .  The 

f a c t  t h a t  t h e  - 0. - v e s i c a r i u s  eyespo t s  d i d  not g ive  a  p o s i t i v e  

r e a c t i o n  t o  t h e  h i s tochemica l  t e s t  f o r  ca ro tenoids  does not 

r u l e  o u t  t h e  presence  o f  c a r o t e n o i d s  s i n c e  t h e s e  pigments do 

n o t  always r e a c t  w i t h  t h e  t e s t  ( ~ i l l i e ,  1965). The a b s o r p t i o n  

spectrum shol?!n f o r  - 0. v e s i c a r i u s  eyespots  ( ~ i g .  13) resembles 

t h a t  o f  both  S e u r a t i e l l a  sp .  and - 0. skawensis and can be expla ined  

by t h e  presence  i n  t h e  eyespo t s  of both  a melanin and a  ca ro t eno id .  

Recent e l e c t r o n  microscopic  i n v e s t i g a t i o n  o f  t h e  eyespot 

pigment of  - 0. ves i - ca r iu s  has  confirmed the  presence of g ranu le s  



, 

t h a t  -- .. am tLL -1 - developing m s l  a n i n  f ~ u r r  and Webster,  1971) .  

L i t t l e  morphological  evidence was found t o  suppor t  t h e  hypo- 

t h e s i s  t h a t  t h e r e  a r e  two types  of pigment p r e s e n t  i n  t h e  eye- 

spo t s ,  however t h i s  can not  n e c e s s a r i l y  be expected t o  be ev i -  

dent  i n  t h e  f i n e  s t r u c t u r e .  

5. - M. n i g r e s c e n s  

Unlike t h e  marine nematode pigments ,  t h e  chromatrope pig-  

ment o f  - M. n i g r e s c s n s  was water  s o l u b l e  and had a n  a b s o r p t i o n  

spectrum t y p i c a l  of  a hemoglobin ( F i g .  1 6 ) .  S u p e r f i c i a l l y  t h e  

spectrum resembled t h a t  of  a deoxygenated hemoglobin i n  t h a t  

i t  on ly  had one c l e a r l y  def ined  peak i n  t h e  v i s i b l e  reg ion .  

The Sore t  peak, however, occur red  a t  t o o  s h o r t  a wavelength 

f o r  a deoxyhemoglobin and t h e r e  was a shoulder  on t h e  v i s i b l e  

peak which suggested t h e  presence  o f  a small a lpha  a b s o r p t i o n  

peak. More r e c e n t l y ,  it has  been shown t h a t  deoxygenation of  

M s r m i s  hemoglobin produces a t y p i c a l  deoxyhemoglobin spectrum 

and subsequent reoxygenat  i o n  ,produces t h e  o r i g i n a l  spectrum 

( ~ u r r ,  unpubl i shed)  . The pigment i s  t h e r e f o r e  undoubtedly 

a n  oxyhemoglobin. This  r 2 s u l t  s u b s t a n t i a t e s  t h e  conc lus ion  

of  El lenby and Smith (1966b) who i d e n t i f i e d  oxyhemoglobin 

i n  t h e  chromatrope pigment u s ing  a spec t roscope  and t h e  benz id ine  

t e s t .  

The chromatrope oxyhemoglobin spectrum i s  u n l i k e  t h a t  of 

v e r t e b r a t e  oxyhemoglobin i n  t h a t  t h e  absorbance o f  t h e  be t a  

peak i s  much h i g h e r  t h a n  t h a t  o f  t h e  a lpha  peak. This  charac-  

t e r i s t i c  i s  found i n  some animal  p a r a s i t i c  nematode oxyhemo- 



marine nematode - E. anisospiculus more closely resembled the 
0 
li vertebrate oxyhemoglobins. 
I 

4 E. Summary 
A 

A s-ary of the pigments identified in the various species 

of nematodes is given in Table VIII. 
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CHAPTER IV 

GENERAL D I S C U S S I O N  

In the introduction, the following three questions were 

suggested: (1) Are the anterior pigment spots of nematodes 

involved in any way in phototaxis? (2) If so, are they 

directly involved in the photoreceptive process? and ( 3 )  

What is their chemical composition? The third of these 

questions has now been at least partially answered with the 

findings of this thesis that the eyespots of several marine 

nematode species contain either or both melanins and carot- 

enoid-like pigments and that the chromatrope of - M. nigrescens 
does indeed contain oxyhemoglobin. The answers to the 

remaining two questions are st111 open to speculation. 

In phototactic respurlses, pigments can f l~nr , t . ion in two 

different ways, either directly, as primary photopigments 

like the rhodopsins found in many photoreceptors or indirectly, 

as shading pigments. Shading pigments are thought to mediate 

a directional response in semi-transparent organisms such 

as Euglena by shading an adjacent photoreceptor when the 

organism has a certain orientation with respect to the light 

source. The organism reorients itself according to whether 

or not the photoreceptor is illuminated. 

I f  a behavioural response to light is mediated by only 

a primary photopigment, the action spectrum of the response 

will depend on and therefore be superimposable on the 

absorption spectrum of the pigment. If, on the other hand, 



a shading pigment is operative in addition to the primary 

photopigment, the action spectrum of the response may be 

a composite of the absorption spectra of both pigments. 

However, both absorption spectra must overlap. 

The chemical compostition of eyespot pigments of the 

marine nematodes indicates that they are not likely to be 

involved in photoreception. All photoreceptor pigments 

so far identified have been of the retinal-protein type. 

Although melanins undergo photopolymerization reactions 

and free carotenoids undergo photo-oxidation reactions, 

these pigments are not known to function as photoreceptors. 

It would be surpriskg if the nematodes were unique in 

utilizing these pigments for photoreception. It is unlikely 

that they are simply waste products in view oS the specific 

time of development of the eyespots and their discrete 

location. The broad absorption band of these pigments, 

particularly the melanins, would make them especially 

suitable as shading pigments and, indeed, would appear to be 

the only requirement for this function. The variations in 

composition of the marine nematode pigments could possibly 

represent differences in the photic environment, diet or 

metabolic capabilities of the different species which have 

resulted in evolution of different pigments to perform the 

same function. The difference of one pigment between the 

closely related species, - 0. vesicarius and - 0. skawensis, 
is interesting. 



Bdia-v50ural evidence of light sensi ti vity in eyespotted 

free-living nematodes is scanty. The single study in which 

both the action spectrum of a behavioural response to light 

and the absorption spectrum of the e'yespot pigment were 

determined was on - C. viridis. The action spectrum of positive 

phototaxis (Croll, 1966a) did not coincide with the absorption 

spectrum of the eyespot pigment (Croll -- et al., 1972) indicating 

that this pigment .could. not..be the primary photoreceptor. 

The character of the response in this species and in - D. 
schneideri, where a negative phototaxis was observed (Chitwood 

and Murphy, 1964) would be difficult to explain without 

invoking a shading mechanism. 

Ultrastructural studies of - C. viridis (Croll -- et al., 

1972), - D. californicum (Siddiqui and Viglerchio, 1970aJb) 
and - 0. vesicarius (Burr and Webster, 1971) provide further 
evidence that the eyespot pigment is not the photoreceptor, 

but instead acts as shading pigment for an adjacent photo- ' 

receptor. In the latter species, there were no structures 

in the pigmented areas resembling the characteristic light 

sensitive organelles of known photoreceptors, but in an 

enlargement of the amphidial organ just anterior to the 

pigment, a presumptive photoreceptor organelle was found 

which would be shaded by light from the posterior and 

posterolateral directions. 

In - M. nigrescens, the role of the chromatrope pigment 
is not so apparent. The oxyhemoglobin of the chromatrope 



could theoretically function directly in photoreception 

since it has been shown to be photosensitive (Gibson and 

Ainsworth, 1957). The mechanism involved might be a 

conformational change in the protein moiety induced by 

photodissociation of oxygen leading to initiation of a 

nervous impulse in much the same way as a conformational 

change in retinal-protein pigments, induced by photoisomer- 

ization initiates the visual impulse in known photoreceptors. 

However, the retinal-protein pigments have been highly 

evolved as photopigments, while hemoglobin is a highly 

evolved oxygen carrier. It therefore seems unlikely that 

in - M. nigrescens, hemoglobin would function in the dual 
role of photopigment and oxygen carrier or that it should 

have evolved instead of a retinal-pro Lei11 pigmerit as a 

photoreceptor pigment in this species. 

Although light sensitivity has been shown in this 

nematode, there is no conclusive evidence that the chromatrope 

is involved. An approximate correlation has been claimed 

between the absorption spectrum of hemoglobin and the action 

spectra of both oviposition (Croll, 1966b) and phototaxis 

(Cobb, 1926; Croll, 196611)~ but only with more accurately 

determined action spectra can this correlation be convincing. 

The mechanism actually involved in these light responses 

might be the same as that involved in the light sensitivity 

of other parasitic nematodes without chromatropes (Croll, 1970) 

whlch has not yet been elucidated. The narrow absorption 



bands of hemoglobin would make it unsuitable as a poly- 

chromatic shading pigment, however it could, by shading, 

indicate the direction of a short wavelength light source 

such as the sky. 

If the chromatrope is at all involved in mediating 

behavioural responses, it is probably in a role more in 

keeping with the oxygen binding capacities of hemoglobin. 

Perhaps the chromatrope functions as an oxygen sensor, 

which in combination with temperature or other sensors, 

ensures that the adult nematode emerges from the soil under 

suitable environmental conditions for oviposition. 
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