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ABSTRACT 

The morphology, development, pa thogen i c i t y ,  and p o s s i b l e  mode of 

t ransmi  s s i o n  o f  i lyxobol us neurobi  us Schuberg and Schroder, 1905, a  b r a i n  

p a r a s i t e  o f  sa lnon id  f i s h e s  was i n v e s t i g a t e d  by examining n a t u r a l l y  

i n f e c t e d  sockeye salnon, Oncorhynchus nerka  (Nal baum) , and by conduc t ing  

l a b o r a t o r y  exper iments on t h e  mode o f  t ransmiss ion .  

: lorphology o f  t h e  spores i s  i d e n t i c a l  w i t h  t h a t o f  t h e  o r i g i n a l l y  

descr ibed  m a t e r i a l .  However, t h e  o r i g i n a l  d e s c r i p t i o n  d i d  n o t  ment ion 

t h e  ex i s tence  o f  two n u c l e i  i n  t h e  sporop lasn  o f  immature spores, found 

i n  t h e  course o f  t h i s  work. Piature spores c o n t a i n  o n l y  one such nucleus. 

Scanning e l e c t r o n  rni croscopy revea led  t h a t  t h e  spore s u r f  ace i s  smooth; 

t h e r e  be ing  no ornamentat ion o r  mucus envelope. Furrows occur a1 ong each 

s i d e  o f  a  p r o n i  nen t  s u t u r a l  r i d g e .  

The v e g e t a t i v e  stage i n  t h e  f o rm  o f  m u l t i n u c l e a t e  t r o p h o z o i t e s  i s  

r e p o r t e d  f o r  t h e  f i r s t  t ime.  

Th i s  s?ec ies has a un ique t y p e  o f  l i f e  c y c l e  which i s  descr ibed  

f o r  t h e  f i r s t  t ime.  The t r ophozo i t es ,  up t o  t h e  f o rma t i on  o f  sporonts,  

develop i n  b r a i n  cap i  11 a r i  es. The sporonts  a re  1  i bera ted  i n d i  v i  dual  l y  

i n t o  t h e  b r a i n  t i s s u e ,  l e a d i n g  t o  a d i f f u s e  i n f i l t r a t i o n ,  and f o rma t i on  

o f  mono- and po lysporous forms. Mu1 t i n u c l e a t e  t r ophozo i t es  a re  d i s t r i b u t e d  

throughout  t h e  b r a i n  a d  s p i n a l  cord,  b u t  t h e  mature spores a re  comple te ly  

absent f r o c  t h e  f o r e b r a i n .  

F i s h  show no p a t h o l o g i c a l  symptoms as a  r e s u l t  o f  i n f e c t i o n  w i t h  

K. neurobius.  The absence o f  sym9toms i s  a t t r i b u t e d  t o  t h e  d i f f u s e  - 

i n f i l t r a t i o n ,  absence o f  c y s t  f o r m a t i o n  and t h e  ho lozo i c  e a r l y  s tage 

o f  'devel  opoent o f  t h e  p a r a s i t e .  

Transmiss ion exper iments r e s u l t e d  i n  i n f e c t i o n  o f  some, b u t  n o t  

a l l  exper imenta l  f i s h e s  and can be cons idered a  p a r t i a l  success. 

iii 
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- I -  

INTRODUCTION 

A. PROBLEM 

F i s h  c u l t u r e  p l ays  an i m p o r t a n t  p a r t  i n  t h e  l i f e  o f  t h e  Indonesian 

people, f o r  whom i t  prov ides  a  source o f  revenue ( f i s h  be ing  t r e a t e d  

as a  cash c rop  by many farmers)  and p r o t e i n .  Consequently, t h e  government 

has erabarked on a  program o f  i n t e n s i f i c a t i o n  o f  f i s h  c u l t u r e .  Produc t ion  

i n  va r i ous  aquacu l tu re  systems (b rack i sh  water  pond, f reshwater  pond, 

cagecu l tu re ,  and fi sh-cum-r ice c u l t u r e )  has been doubled through t h i s  

program (Cho l i k  e t  a l . ,  1980). However, as i n  a l l  o t h e r  coun t r ies ,  aqua- -- 

c u l t u r e  i s  l i m i t e d  by t h e  problem o f  diseases and p a r a s i t e s .  I n  r ecen t  

years  t h e  p r o d u c t i v i t y  o f  Indonss ian f i s h  c u l t u r e  has been depressed 

i n  p a r t i c u l a r  by l osses  due t o  p a r a s i t g s  and d iseases,  and one o f  t h e  

pathogens i n v o l v e d  be ing a  species,  o r  severa l  spec ies,  o f  :4yxobolus. 

The f i r s t  outbreak o f  Clvxobolus i n f e c t i o n  i n  Indones ia  was recorded 

i n  1935 (Sachlan, 1952) and caused m o r t a l i t y  i n  c u l t u r e d  s tocks (Cypr inus 

c a r p i  o  and Pun t i  us gonionotus)  . It i s  no t  known whether o r  n o t  r lyxobol us 

was t h e  s o l e  agent r espons ib l e  f o r  f i s h  m o r t a l i t y  and, i f  not,  what p r o p o r t i o n  

o f  i t  c o u l d  be a t t r i b u t e d  t o  Myxobolus. It i s  p a r t i c u l a r l y  d i f f i c u l t  

t o  assess t h e  p a t h o g e n i c i t y  o f  iY5yxobolus and -to un rave l  i t s  e f f e c t s  f r om 

those  o f  o t h e r  p o s s i b l e  f a c t o r s ,  because many taxonoinic problems have 

n o t  been reso l ved  and t h e  exac t  i d e n t i t y  o f  t h e  myxosporean has n o t  been 

determined. Furthermore, t h e  b i o l o g y  o f  l lyxobol us spp. i s  no t  we1 1  known, 

and e s p e c i a l l y  t h a t  o f  t h e  spec i2s i n  Indonesia.  

It i s  c l e a r ,  t he re fo re ,  t h ~ t  a  s tudy o f  t h e  b i o l o g y  o f  Myxobolus 

i s  r e l e v a n t  t o  t h e  general  problem o f  aquacu l tu re  d iseases.  Th i s  releva.nce 

was t h e  reason f o r  s e l e c t i n g  P~lyxobolus as t h e  s u b j e c t  f o r  t h e  IDRC sponsored 

research  p r o j e c t  which was subsequent ly t o  be p resen ted  i n  p a r t i a l  f u l f i l l -  

ment o f  c o n d i t i o n s  r e q u i r e d  f o r  t h e  degrze o f  F1.Sc. The l o c a t i o n  o f  



t h e  s tudy  was Nanaimo, 

Schuberg and Schro le r ,  

B r i t i s h  Columbia, and so, Hyxobol us neurobius -- 
1905 was se lec ted  as t h e  model pa ras i t e .  A l though 

i t  i s  n o t  a t y p i c a l  member o f  i t s  genus, i n h a b i t i n g  t h e  b r a i n  r a t h e r  

t han  t h e  g i l l s  o f  i t s  host,  and a l though i t  does n o t  occur i n  Indonesia,  

M. neurobius occurs r e g u l a r l y  i n  B r i t i s h  Columbia f i s h  stocks. P a r t  - - 

o f  t h e  i n fo rma t i on  ob ta ined  f rom t h i s  s tudy  o f  - M. neurobius b i o l o g y  i s  

a p p l i c a b l e  t o  o t h e r  species,  because i n  s p i t e  o f  i t s  unique fea tu res ,  

i t  s t i l l  Sears s i m i l a r i t y  t o  o the r  members o f  i t s  genus. 

The o b j e c t i v e s  o f  t h i s  s tudy were as f o l l o w s :  

1. To determine t h e  morphology and devel  opnent o f  Myxobol us neurobi  us. 

2. To s tudy  i t s  d i s t r i b u t i o n  i n  t h e  b r a i n  o f  i t s  host,  t h e  p o s s i b l e  

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

p a r a s i t e .  

3. To determine t h e  i n f e c t i v i t y  o f  t h e  p a r a s i t e  and, i f  poss ib le ,  

i t s  mode o f  t ransmiss ion .  

I t  was hoped t h a t  these o b j e c t i v e s  would be accomplished by examining 

f r e s h  and preserved m a t e r i a l  f rom n a t u r a l l y  i n f e c t e d  f i s h ,  and by conduct ing 

t r a n s n i  ss i on  exper iments.  

8. HISTORICAL REVIEW 

1. Morphology o f  Myxobol us neurobi  us and i t s  d i s t r i b u t i o n  i n  t h e  b r a i n  

The f i r s t  r e p o r t  o f  - !.I. neurobius was by Schuberg and Schroder (1905) 

f r om t h e  nervous system o f  T r u t t a  f a r i o  L. ( =  Salmo t r u t t a ) .  S ince  t h a t  

t i m e  i t  has been recorded i n  t h e  nervous system o f  Salno t r u t t a ,  Oncorhynchus 

nerka, 0. k i  sutch,  Prosopium c y l  indraceum, Thymall us a r c t i c u s ,  Sal v e l  i nus  - -  

a1 p i  nus, and Sal v e l  i nus 1 eucomaeni s i n Zussi  a (Pav l  ovsk i  i , ed. 1, 1962; 

Konovalov, 1971 ) ,  o f  Salmo t r u t t a  and -- Salmo s a l a r  i n  t h e  Un i ted  Kingdom 



( 1974), o f  Coregonus c l  upeaformi s, Prosopi urn c y l  i ndraceum, Thymall us 

a r c t i c u s ,  Salve1 i n u s  nanaycush, A - 7  0. nerka, 0. k i  su t ch  i n  Canada (A r thu r ,  

1975; R a r g o l i s  and Ar thur ,  1979), and o f  S a l v e l i n u s  f o n t i n a l i s  i n  U.S.A. -- 
(OiGrodnick,  1980, personal communication). F4yxobol us neurobius has 

a h o l  a r c t i c  d i s t r i b u t i o n  i n  salrnonid f i s h e s  (see Konovalov, 1971 ; Kennedy 

Schuberg and Schroder (1905) descr ibed  - M. neurobius as o c c u r r i n g  

i n  c y s t s  i n  almost a l l  p a r t s  o f  t h e  nervous system. The c y s t s  were smal l ,  

s p h e r i c a l  o r  elongated. They r e p o r t e d  t h a t  t h i s  p a r a s i t e  a t t a i n e d  a 

maximum s i z e  o f  0 . 9 0 ~  0.02 mm. The au thors  desc r i bed  t ho rough l y  t h e  

morphology of t h e  spore, us i ng  1 i gh t  microscopy techniques.  I n  general  

i t  resembled most o t h e r  species o f  ~ l yxobo lus .  It i s  wor th  n o t i n g  t h a t  

t h e  authors  observed o n l y  one nuc leus i n  t h e  sporoplasm, and d e s c r i  

t h e  1 2 t t e r  as be ing  t r i a n g u l a r  o r  ova l  i n  t r a n s v e r s e  sec t ion .  The 

capsules were long, extending f rom t h e  a n t e r i o r  p o l e  n e a r l y  t o  t h e  

o f  t h e  spore. The a n t e r i o r  p a r t s  o f  t h e  capsules were seen as h a v i  

narrow, neck-1 i ke c o n s t r i c t i o n s .  

bed 

po l  a r  

m i  d l  ength 

n!3 

1r-1 s ? i t e  o f  i t s  r e p u t e d l y  wide d i s t r i b u t i o n  - -  M. neurobius has n o t  

been s tud ied  i n  d e t a i l  by many authors .  Only two sources e x i s t  as regards 

t h e  dir;iensions o f  i t s  spores and Table 1 compares t h e  d a t a  w i t h i n  these  

two r e p o r t s .  Some s l i g h t  d i f f e r e n c e s  appear t o  e x i s t  i n  t h e  dimension 

o f  t h e  spores o f  t h i s  species though t h e  s i g n i f i c a n c e  o f  t h e  d i f fe rences  

i s  d o u b t f u l .  Furthermore, Kudo ( 1921 ) p o i n t e d  out,  these  d i f f e rences  

can be a t t r i b u t e d  t o  t h e  c o n d i t i o n  o f  t h e  spores a t  t h e  t i n e  o f  neasurezent. 

F resh  spores a re  u s u a l l y  l a r g e r  than  f i x e d  ones. F i x a t i o n  appears t o  

s h r i n k  t h e  spores o f  Leptotheca oh lnacher i ,  p a r a s i t e  o f  Rana c l am i tans  

and - R. p i  p i  ens by as ouch as 14-22% (see Kudo, 1921 1. 





It should be s t ressed  t h a t  t h e  e a r l y  developmental stages o f  - M .  

neurobi  us have n o t  been p r e v i o u s l y  descr ibed.  Only f u l  l y  developed spores 

have been recorded i n  t h e  l i t e r a t u r e .  The o n l y  excep t ion  t o  t h i s  statement 

i s  t h e  d e s c r i p t i o n  o f  pansporoblasts  f r o m  sockeye salmon, - -  0. nerka  ( c f .  

1971). Th is  s tage con ta ined  f o u r  f u l l y  developed spores. Konoval ov, 

Schub 

occur  i n  a 

t h e  b r a i n .  

spores a re  

e r g  and Schroder (1905) observed t h a t  t h e  c y s t s  o f  - :I. neurobius 

l n o s t  every  p a r t  o f  t h e  nervous system o f  t h e  f i s h ,  except 

On t h e  o the r  hand, accord ing  t o  P a v l o v s k i i  ( lgSZ) ,  t h e  

d i s t r i b u t e d  throughout  t h e  s p i n a l  c o r d  and t h e  b ra in ,  between t h e  

niyel i n  ( n e d u l l  a r y )  sheath and Schwann ' s sheath. The a f f e c t e d  f i shes  

were t r o u t  (Salmo t r u t t a )  and a dwar f  f o rm  o f  sockeye salmon, Oncorhynchus 

nerka. A r t h u r  (1975) found spores i n  t h e  b r a i n  and s p i n a l  co rd  o f  Coregonus 

c l  u,xaformi s, Prosopi urn c y l  i ndraceum, Thyna l l  us a r c t i  cus, and Sal v e l  i nus 

namaycush. 

2. B io l ogy  o f  Myxosporea 

( i  Surv i  va l  and i n f e c t i v i t y  

The assessment o f  v i a b i l i t y  o f  myxosporean spores has been d i f f i c u l t  

because a l l  a t tempts  a t  r e p r o d u c i b l e  t e s t s  have been unsuccessful. Trans- 

m iss i on  exper iments u s u a l l y  f a i l e d  (Schafer ,  1968; Spa1 1, 1974; Johnson, 

1975; Nya t t ,  1978),  o r  produced u n u n i f o r n  r e s u l t s  (Hoffman and Putz, 

1969, 1971 ; Hal 1 i day, 1973; Uspenskaya, 1978).  

I n  s tud ies  o f  Myxosporea, a commonly accepted c r i t e r i o n  o f  spore 

v i a b i l i t y  i s  e x t r u s i o n  o f  t h e  p o l a r  f i l a m e n t  and t h i s  can be induced 

by a v a r i e t y  of t rea tments .  The l i t e r a t u r e  con ta ins  records  o f  va r i ous  
, 

methods t o  determi  ne t h e  s u r v i v a l  o f  t h e  myxosporean spores. NcKi nney 

and Bradford ( 1  979) proposed f o r  t h i s  purpose, neasureaent o f  spore 

r e s p i  r a t i  on. Hoffman e t  a1 . ( 1  952) used abnormal i t i e s  o f  spore morphol ogy -- 
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r e s u l t i n g  f rom t rea tments  as an i n d i c a t o r  o f  s u r v i v a l  o f  i lyxosona ce reb ra l  i s .  

Uspenskaya (1278) used a c r i d i n e  orange and u l t r a v i o l e t  i 1 l u m i n a t i o n  t o  

d i f f e r e n t i  a t e  1  i v i  ng (green)  f r om dead (orange)  spores. 

The d u r a t i o n  o f  s u r v i v a l  o f  inyxosporean spores ou t s i de  t h e  hos t  

has a t t r a c t e d  a t t e n t i o n  o f  nany s c i e n t i s t s  over  years.  L i n t o n  (see Bond, 

1938a) observed spores o f  Nyxobol us 1  i n t o n i  , a p a r a s i t e  o f  Cypr i  nodon 

v a r i e g a t x ,  a f t e r  t hey  had been k e p t  i n  sea water  f o r  10 days. Other 

t han  some rounding o f  t h e  sporoplasm, no s i g n i f i c a n t  changes were observed. 

Thelohan (see Bond, 1838a) s t u d i e d  spores o f  va r i ous  species o f  I4yxobolus 

and noted t h a t  t h e y  degenerate a f t e r  1-2 months i n  water.  Bond (1938a) 

e x p e r i m 7 t e d  w i t h  spores o f  va r i ous  spec ies o f  lZyxosporea (Flyxosona 

subtecal  i s, - bl. f cndul i , ?lyx i  d i  urn f o l  i un, F~lyxobol us b i  1  i ncatus)  and found 

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

emersion i n  water.  The s u r v i v a l  p e r i o d  v a r i e d  f r o n  10 t o  20 days. The 

sporopl  asn o f  t lyxobol us b i  1  i neatus rounded up a f t e r  23 days, b u t  showed 

no s igns  o f  death. Bond (19385) used severa l  c r i t e r i a  as i n d i c a t o r s  

of death (vacuol  a t i o n  o f  sporopl  asm, pycnos is  o f  i t s  n u c l e i  and i n a b i  1  i ty 

t o  ex t rude  p o l a r  f i l a m e n t s ) .  I t  appears, however, t h a t  i n  a d d i t i o n  t o  

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

s u r v i v a l  i s  de ie rn i ned  a l so  by t h e  c o n d i t i o n  o f  t h e  water  i n  which t h e  

spores were s toret i .  For  example t h e  spores o f  ;4yxosona ce reb ra l  i s s u r v i v e  

s to rage  f o r  up t o  3 years  ( i i o f f nan  e t  a1 . , 1968). Bauer (1959) sugges-ted 

t h a t  t h e  spores o f  t h i s  species s u r v i v e  i n  s to rage  f o r  as l o n g  as 12 

years .  Spores r e t a i n  t h e i r  i n f e c t i v i t y  a f t e r  f r e e z i n g  a t - 2 0 C  f o r  2 months 

(Hoffman and Putz, 1971). Lon (1975) p o i n t e d  ou t  t h a t  t h e  c l eane r  t h e  

spores a re  d u r i n g  s to rage  t h e  l onge r  t h e y  su rv i ve .  

The i n f e c t i v i t y  o f  nyxosporean spores has been pu t  t o  ques t i on  r e c e n t l y .  



The doubts of the i r  infective nature arose mainly from the repeated fa i lure  

of transmission experiments involving spores. So, by finding the spores 

of Plyxosona cerebralis in the faeces of the great blue heron (Ardea 

lerodias),  Jeyers -- e t  a l .  (1970) have implicated the avian vectors in 

the transmi ssion of - M. cerebral i s .  Sonle investigators (Hoffimn and P u t z ,  

1949, 1971 ; Hoffman, 1974; Aall iday, 1973, 1974, 1976; Uspenskaya, 1978) 

considered that  aging of - M .  cerebral is  i s  necessary before they becone 

infective.  Others expressed the view that  myxosporean infections to  great 

extent are determined by some environmental factors (Hoffman e t  a1 . , -- 

1962; Schafer, 1968; Idyatt, 1978). Schafer (lS68), for  example reported 

t h &  a temperature of about 10 C was required to  make infection of Cera-torI~yxa 

shasta possible. 

( i  i ) Mode of trransni ss i  on 

The aroblern of node of transmission of xyxosporean infections has 

two aspects. F i rs t ly ,  i s  the question of the source of infection and 

secondly, i s  the point of entry of the host hy parasite. The de ta i l s  

of the myxosporean transmi ss i  on are  s t i  11 unknown. I t  i s general ly accepted 

that. the infection i s  transait ted by spore, which i s ,  therefore, an infective 

stage. The spores of blyxosporean species that 1 ive in the internal cavi t ies  

or lunina (coel ozoic) pass out with the excretions of the host during 

i t s  1 i f e ;  t h e  spores of the t i  ssue-i nhabi t i n s  species (hi stozoic) are 

released only a f t e r  death 2nd disintegration of the host. (Davis, 1917). 

As to  the point of entry, i t  i s  generally accepted that  the spores 

discharged from the host are suspended in water and ingested by a new 

host when they pass through i t s  buccal cavity with the respiratory current. 

idowever, other nodes of infection have been sugsested (Pfei f f e r  (see 

Gurley, 18S4); ;lu -- e t  a l . ,  1975). According to  Pfeiffer (see Gurley, 
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1894) the  i n f e c t i o n  o f  Barbus barbus w i t h  i4yxobolus sp. n i g h t  take  p lace 

through i t s  stomach, g i l l s  o r  wounds. Wu -- e t  a l .  (1979) pos tu la ted  t h a t  

Myxobolus d ryag in i  enters t h e  hos t  through t h e  nose, v i a  the  sensory 

sur face c e l l s  o f  t h e  o l f a c t o r y  bulb,  o l f a c t o r y  nerve and t o  pseudolymph 

i n  t h e  cerebra l  c a v i t y .  The p a r a s i t e ' s  eventual s i t e  i s  t he  c e n t r a l  

nervous system and sensory organs. Th i s  op in ion  (Ru -- e t  a1 . , 1979) was 

based on h i  st01 ogi  c a l  observat ions, i n  which they found many mononucl ear 

t rophozo i tes  loca ted i n  t he  o l f a c t o r y  nerve between the  nares and t h e  

01 f a c t o r y  bulb. 

( i i i )  L i f e  cyc le  

As s ta ted  above, experiments on t h e  t ransmiss ion o f  Myxosporea 

have so f a r  no p o s i t i v e  r e s u l t s .  A l l  t h a t  has been learned (Schafer, 

1968; IJyatt, 1978; Yamainoto and Sanders, 1979) i s  t h a t  p lac ing  suscept ib le  

f i s h  i n  water t h a t  conta ins t h e  i n f e c t i v e  stage o f  t he  p a r a s i t e  produces 

i n f e c t i o n .  The mechanisms and paths o f  t h i s  process have not  b e w  e luc ida ted .  

The broad o u t l i n e  o f  t h e  myxosporean l i f e  c y c l e  t h a t  i s  presented 

below i s  based on t h e  c o l l e c t i v e  accounts o f  previous workers. The bases 

f o r  t h e i r  views are a  se r ies  o f  h i s t o l o g i c a l  s tud ies  o r  ma te r i a l  obta ined 

from n a t u r a l l y  i n f e c t e d  f i s h .  The sequence and nature o f  development 

are arranged i n  a  l o g i c a l  manner and prov ide  the  frameworksfor i n t e r p r e -  

t a t i o n .  As a  consequence, t h e r e  are  some disagreements between var ious  

i n v e s t i g a t o r s  as regards t h e  h i s t o r y  and progress o f  t h e  cyc le  (Noble, 

1944). In s p i t e  o f  disagreements about t he  d e t a i l ,  t he re  e x i s t s  consensus 

as t o  the  general fea tures  o f  t h e  cyc le .  The spore ( o r  spores) en ters  

the '  d i g e s t i v e  t r a c t  o f  a  s p e c i f i c  hos t  ('for t h e  p o s s i b i l i t y  o f  o the r  entrance 

p o i n t  see Mu e t  a1 . , 1979). Ex t rus ion  o f  t h e  pol  a r  f i  1  anents anchors -- 
t h e  spore du r ing  i t s  passage through t h e  a1 i nen ta ry  canal ( i n t e s t i n e ) .  



The valves open and the  sporoplasm emerges i n t o  t h e  i n t e s t i n e .  The reason 

f o r  p o s t u l a t i n g  t h i s  course o f  events i s  based on the  observat ions t h a t  

d i g e s t i v e  secre t ions  cause t h e  spores o f  ~ o s t  myxosporean species t o  

discharge t h e i r  f i laments ,  open t h e  valves and l i b e r a t e  the  sporoplasm. 

For example, Erdman (1917) was ab le  t o  demonstrate i t  i n  Chlorornyxun 

l e y d i g i  ; Kudo (1922) i n  Leptotheca ohlnacher i  ; Davis (1923) i n  Lentospora 

( =  Flyxosoma) oval i s; and Noble (1943) i n  t!Iyxidium gasteros te i  . Having 

been released, t h e  sporoplasm penetrates between t h e  i n t e s t i n a l  c e l l s  

and migrates w i t h  t h e  blood stream, lymph o r  coelomic f l u i d  u n t i l  i t  

f i n d s  an appropr i  a t e  s i t e .  Once es tab l  i shed, t h e  sporopl asm, now known 

as t h e  t rophozo i te ,  enlarges by n u c l e m  d i v i s i o n  and cytoplasmic growth. 

The nuc le i  may be d i f f e r e n t i a t e d  i n t o  vegeta t ive  ( con t ro l  1  i ng n u t r i t i o n ,  growth, 

and o ther  f unc t i ons )  and genera t ive  ( p a r t i c i p a t i n g  i n  spore f o r n a t i  on) forms. 

;lul t i n u c l e a r  d i v i s i o n ,  f r e q u e n t l y  supplemented by d i v i s i o n  o f  t h e  cy to7 l  asn 

i n t o  plasmodia by means o f  s imple f i s s i o n  o r  budding, ex terna l  o r  i n t e r n a l ,  

r e s u l t s  i n  a  new t rophozo i te ,  spreading i n f e c t i o n  t o  a  new s i t e  i n  t h e  

host.  Thi s  has been descr i  bed by Noble ( 1941 ) f o r  Ceratonyxa b lenn i  us. 

The f a c t o r s  governing t h e  growth o f  t h e  t rophozo i te  are unknown _ 

- bu t  a t  some stage t h e  process o f  spore format ion begins. Sone n u c l e i  

become surrounded by cytoplasm and become t h e  sporonts. These sporonts 

then grow and t h e i r  nuc le i  d i v i d e  several t i nes ,  forming s i x  t o  e ighteen 

nuc le i ,  each w i t h  a small mass o f  cytoplasm and each g i v i n g  r i s e  t o  a  

spore. A t  l e a s t  s i x  nuc le i  a re  needed t o  produce a  spore. The number 

o f  t he  nuc le i  produced however, depends on the  s t r u c t u r e  o f  t h e  mature 

spore, species, and a l so  on t h e  number o f  spores t h a t  each sporont w i l l  

even tua l l y  develop. kdhen t h e  sporont develops i n t o  a  s i n g l e  spore, i t  

i s  c a l l e d  a  nonosporoblast ic  sporont and i f  two spores are formed w i t h i n  
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it, i t  i s  known as d i s p o r o b l a s t i c ,  o r  a pansporoblast.  64ccordf ng t o  k b l e  

(19W),  t h e  nucleus w i t h i n  a  pansporoblast d i v i d e s  tw i ce  t o  foi-m f o u r  

n u c l e i  . Two o f  them d i  

of t h e  pansporobl ast .  

a f t e r  which two o f  t h e  

once more ( t h i s  d i v i s i o  

scon t i  nue d i  v i  s i  on and become res idua l  bodi es 

W i t h i n  each sporobl a s t  t h e  nucleus d i v i d e s  tw ice ,  

n u c l e i  cease d i v i d i n g  w h i l e  t h e  o the r  two d i v i d e  

n  i s  apparent ly  r e d u c t i v e  i n  one o f  t h e  n u c l e i  ) . 
O f  t h e  s i x  sporoblast  n u c l e i  t hus  formed t h e  f i r s t  p a i r ,  toge ther  w i t h  

t h e  surrounding cytoplasm, g i v e  r i s e  t o  t h e  va lves o f  t h e  spore. The 

second p a i r  g ives  r i s e  t o  t h e  p o l a r  capsules and another p a i r  become 

t h e  embryonic nuc le i .  

There i s  subs tan t i a l  amount o f  i n fo rma t i on  on t h e  t ime  sca le  o f  

development i n some species o f  Myxosporea, a1 though t h a t  descr i  b i  ng i t s  

i n i t i a l  stages i s  l i m i t e d .  Scha~fer (1968) found t h a t  a  15 minute exposure 

o f  t r o u t  t o  water con ta in ing  t h e  i n f e c t i v e  stage o f  Ceratomyxa shasta 

produced an i n f e c t i o n ,  which was de tec tab le  10-20 days l a t e r ,  depending 

on temperature. Yamamoto and Sanders (1979) exposed 6 month o l d  chinook 

salmon f o r  48 hours t o  water con ta in ing  t h e  i n f e c t i v e  stage of - C. shasta 

and mainta ined them i n  w e l l  water  a t  17.8 C. The i n f e c t i o n  was de tec tab le  

a f t e r  7  days. A l a r g e  number o f  pansporoblastsweredetected a f t e r  14 

days i n  vary ing  stages o f  development and spores appeared , i n  21 d,ays. 

Hoffman and Putz (1969) repo r ted  t h a t  t r o u t  f r y  become i n f e c t e d  

w i t h  Slyxosoma c e r e b r a l i s  as e a r l y  as 2 days a f t e r  hatching, when p laced 

i n  water w i t h  spores t h a t  have been aged f o r  4  months. They observed 

mu l t i nuc lea te  amoeboid t r o p h o z o i t e  40 days pos t i n fec t i on .  Spores were 

found i n  t h e  c a r t i l a g e  o f  f i s h  i n f e c t e d  w i t h  - M. c e r e b r a l i s  4-6 months 

a f t e r  i n f e c t i o n  (Hoffman and Putz, 1969; Putz, 1970; T idd  and Tubb, 1970). 

Wyatt ( 1  978) repo r ted  t h a t  t h e  i n f e c t i o n  w i t h  l4yxobolus i n s i d i o s u s  was 



i n  f i s h  22 days a f t e r  i t s  exposure t o  contaminated water. He found 

no rpho log i ca l l y  d i s t i n c t  spores 51 days a f t e r  t h e  i n fec t i on .  Wu e t  a l ,  -- 
(1979), who s tud ied  t h e  development of b!yxob~lus d ryag in i  i n  s i l v e r  carp, 

Hypophthalnichthys mol i t r i x ,  repor ted  t h a t  t h e  f i s h  1 arvae hatched and 

were a l ready i n f e c t e d  one month l a t e r .  The f i r s t  developmental stage 

t o  be found i n  t h e  host  was t h e  t rophozo i tes  i n  t he  nervous system and 

pseudolyrnph. The t rophozo i tes  were found i n  increas ing  numbers a f t e r  

2-3 months. The spores were f i r s t  observed i n  t h e  pseudolymph a f t e r  

4 months. 

3. Pathogen ic i ty  

I4yxosporea are  cosmopo 

f reshwater  f i s h e s  and occur 

l i t a n  pa ras i tes  t h a t  i n f e c t  both mar 

i n  a lnos t  every organ and t i s s u e  of 

i n e  and 

t h e i r  

hosts. I n  common w i t h  o ther  p a r a s i t i c  organisms, Myxosporea e x e r t  a 

pathogenic i n f l u e n c e  on t h e i r  hosts. These e f f e c t s  depend on t h e  species 

o f  t h e  p a r a s i t e  and host ,  age and c o n d i t i o n  o f  t h e  host  and environmental 

f a c t o r s  '(Shulman, 1966). They range f rom t h e  apparent absence o f  harmful 

e f f e c t s  through l o c a l  t i s s u e  damage and some degree o f  hos t  d e b i l i t y  

t o  l e t h a l  e f f e c t s .  

R e l a t i v e l y  few Myxosporea species have been found i n  t h e  b r a i n  o r  

nervous t i  ssues o f  f i shes .  P f e i f f e r  (see Schuberg and Schroder, .lgO5) 

found Myxobol us i n  t h e  b r a i n  and sp ina l  column o f  grey1 i n g  (Thynal l u s  

thymal l  us) .  Thi s p a r a s i t e  was 1 a t e r  descr ibed as Myxobol us mu1 1 e r i  by 

The1 ohan (see Schuberg and Schroder, 1905). Schuberg and Schroder ( 1905) 

found a species o f  ~4yxobolus i n  t h e  nervous t i s s u e  o f  T r u t t a  f a r i o  ( =  Salmo 

t r u t t a )  and named i t  ~ lyxobo lus  neurobius. This  species d i f f e r s  f rom 

M. m u l l e r i  i n  t h e  morphology o f  t h e  spores and t h e  host  a f f i n i t y .  - 

Bond (1938b) repo r ted  i4yxobolus b i  1 i neatus, p a r a s i t i c  i n  var ious  



organs of Fundulus he te roc l  i tus ,  i n c l u d i n g  t h e  b ra in ,  p a r t i c u l a r l y  t h e  

v e n t r i c l e s  and subthecal space o f  t h e  bra in .  Yasutake and Wood (1957) 

descr ibed Myxobolus k i s u t c h i  f rom t h e  sp ina l  co rd  of coho salmon (Oncor- - 
hynchus k i  sutch)  . Th is  species, however, i s  morpho log ica l l y  i d e n t i c a l  

w i t h  - M. neurobius. Konovalov (1971 ) considered - 1.1. k i s u t c h i  as a j u n i o r  

synonym o f  M. neurobius. A r t h u r  (1  975) supported t h i s  view. P4yxobolus 

d ryag in i ,  was repo r ted  f rom t h e  nervous system o f  s i l v e r  carp  (tlypoph- 

tha lmichthys m o l i t r i x )  i n  China (!Ju -- e t  al., 1979). 

Members o f  o t h e r  myxosporean genera are a l s o  known t o  l i v e  i n  t h e  b r a i n  

o f  t h e i r  hosts.  Paperna and Zwerner (1  974) descr ibed Kudoa ce reb ra l  i s 

f rom the  b r a i n  and s p i n a l  c o r d  o f  Morone s a x a t i l i s .  Naras inhanur t i  and 

Ka lava t i  (1979) found - K. t e t r a s p o r a  i n  t h e  b r a i n  o f  Mugi l  cephalus. 

The occurrence of an organ i  sn  resembl ing a myxosporean was r e p o r t e d  by 

Narquet and Sobel (1  970) f rom the  1 ung f i s h ,  Po lyp terus  en1 i c h e r i  . 
I t  r i g h t  be expected t h a t  pa ras i t es  i n h a b i t i n g  a major organ o r  

t i s s u e  would have a cor respond ing ly  g rea t  e f f e c t  on i t  and on t h e  host.  

However, l i t t l e  i s  known about t he  i n f l uence  o f  t h e  b r a i n - i n h a b i t i n g  

lilyxosporea. P f e i f f e r  (see Schuberg and Schroder, 1905) was i n c l i n e d  

t o  a t t r i b u t e  mass m o r t a l i t y  o f  t h e  i n f e c t e d  grey1 i n g  i n  the' r i v e r  I l m  

t o  - M. m u l l e r i .  The d isease t h a t  he be l ieved was caused b y s t h e  myxosporean 

was named by him " p o l y n e u r i t i s  p a r a s i t i c a " .  P f e i f f e r ' s  views were not ,  

however, supported by concre te  evidence. There a re  grounds t o  be1 i eve 

t h a t  t h e  d i e  o f f  m igh t  have been due t o  p o l l u t i o n  o f  t h e  r i v e r .  

Schuberg andschroder (1905) were a l so  i n c l i n e d  to a t t r i b u t e  a pathogenic 

e f fec t  t o  t he  species, - 11. neurobius. However, apa r t  f rom s l i g h t  aechanical  

damage t o  t h e  nerve t i s s u e  no pathogenic changes were t o  be seen. Bond 

(1938b) was another worker who f a i l e d  t o  f i n d  any pa tho log i ca l  e f f e c t s  



of M. bilineatum on the brain o f  i t s  host, F. heteroclilus. However, - - 

Marquet and Sobel (1970) found large wandering g l ia l  c e l l s  i n  the spinal 

cord of - P. enlicheri  and they attributed t h i s  phenomenon to  the infection 

even though the f i s h  showed no morphological changes and i t s  behaviour 

remained normal. Wu -- e t  a1 . (1979), on the other hand, be1 ieved tha t  

M. dryagini was def in i te ly  pathogenic, causing the so-called whirling - 
disease. Unfortunately, they produced no description of the pathological 

signs of t h i s  disease. 
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MATERIALS AND METHODS 

A. SOURCES AND PiAINTENANCE OF THE FISH 

Throughout t h e  study per iod,  June 1980 t o  January 1982, n a t u r a l l y  

i n f e c t e d  sockeye salmon, Oncorhynchus nerka (Walbaun), were prov ided 

by the  s t a f f  o f  t h e  P a c i f i c  B i o l o g i c a l  S ta t ion ,  Department o f  F i she r ies  

and Oceans, Nanaimo, B.C. They were obta ined by se in ing  and t r a w l i n g .  

The smolt, underyear l ing  and a d u l t  sockeye salmon were c o l l e c t e d  main ly  

froin Sproai Lake, Henderson Lake and i t s  r i v e r .  Sone f i s h ,  however, 

were obtained f rom Kennedy Lake and Nobiton Lake. A1 1 these l o c a t i o n s  

are s i t u a t e d  on Vancouver Is land,  B.C. The sockeye popu la t ions  o f  these 

lakes are known t o  be n a t u r a l l y  i n f e c t e d  w i t h  Pyxobolus neurobius Schuberg 

and Schroder, 1905 (T. McDonald, personal communicaiion. ) 

klost o f  t h e  f i s h  were brought t o  t h e  P a c i f i c  B i o l o g i c a l  S t a t i o n  

on i c e  and s to red  i n  a cool chamber u n t i l  examination. The f i s h  were 

u s u a l l y  necropsied w i t h i n  24 hours a f t e r  capture. Sone specimens, however, 

were preserved i n  10% f o r n a l i n  be fore  examination. Storzge per iods could 

extend up t o  a month. 

On one occasion t h e  underyear l ing  f i s h  were brought t o  t h e  l abo ra to ry  

a l i v e  f o r  s tudy o f  the  du ra t i on  o f  t h e  developmental c y c l e  o f  - M. neurobius. 

They were h e l d  i n  34 1 c y l i n d r i c a l  f i b r e g l a s s  tanks supp l ied  w i t h . a  continuous 

f low o f  water (2.8-3.0 l / n i n )  , a t  temperature w i t h  seasonal f l u c t u a t i o n s  

5-15 C. 

Uninfected f i s h  were obta ined f rom Rosewall Creek hatchery on Vancouver 

Is land,  about 25 m i l e s  n o r t h  o f  Nanaimo and were used i n  t ransmiss ion 

expe'riments. Th i s  hatchery i s  f r e e  o f  - M. neurobius. These f i s h e s  were 

Produced by a r t i  f i c i  a1 spawni ng i n  which ha tch i  ng and r e a r i  ng were conducted 

i n  conta iners supp l ied  w i t h  w e l l  water. The f i s h  inc luded 11 month o l d  
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coho salmon (0. - k i s u t c h  Walbaurn) and 2 month o l d  sockeye salmon fry. 

They were mainta ined i n  1,000 1 oval f i b r e g l a s s  tank suppl ied w i t h  a 

cont inuous f l o w  (38 l h i n )  o f  dech lor ina ted  domestic water a t  a seasonal ly 

f l u c t u a t i n g  temperature 5-20 C. The two species were res iden t  i n  t h e  

same tank b u t  a t  d i f f e r e n t  times. A l l  f i s h  were f e d  w i t h  an Oregon I4ois-t 

P e l l e t  (OMP) d i e t  ad l i b i t u m .  

0 .  COLLECTIOi'i AND CLEAYIKG OF SPORES 

The t o p  o f  t h e  cranium was opened by a ho r i zon ta l  i n c i s i o n  and t h e  

b r a i n  removed. The bra ins  were then grounded i n  a mortar,  one o r  two 

b ra ins  a t  a t i n e .  D i s t i l l e d  water (10 ml )  was &led t o  each sample o f  _ground 

b ra ins  and t h e  suspension c o l l e c t e d  i n  a 250 nl erlenmeyer. 

The 250 m l  l i q u i d  ssmple was f i l t e r e d  through a t r i p l e  th ickness  

o f  cheesecloth t o  remove coarse p a r t i c l e s  and t h e  r e s u l t i n g  f i l t r a t e  

was r e - f i l t e r e d  through a f i l t e r  funne l .  Clean d i s t i l l e d  water was added 

t o  the  funnel  . The r e s u l t i n g  f i l t r a t e  had a vo l  uriie o f  about 400 m l  and 

t h i s  f i l t r a t e  wzs then t rans fe r red  i n t o  15 nl p l a s t i c  c e n t r i f u g e  tubes 

and cen t r  

f o r  5 n i n  

i n  0.5 m l  

glass. C 

of spores 

fuged i n  an In te rna t i ona l  C l  i n i c a l  Cent r i fuge a t  3393 r e v h i n  

The supernatant f l u i d  was drawn o f f  and t h e  p e l l e t  was l e f t  

o f  suspension. A l l  p e l l e t s  were c o l l e c t e d  i n  a 25 m l  vo. lunetr ic 

ean d i s t i l l e d  water was added t o  make 25 m l  volume. Th is  stock 

was s to red  i n  a r e f r i g e r a t o r  a t  4 C.  

C.  TECHNIQUES FOB STUDY IPG SPORE ;IORPHOLOGY 

.The spores were s tud ied  under (a )  phase cont ras t ,  (b )  b r i g h t  f i e l d ,  

( c )  f luorescence i l l u m i n a t i o n ,  and w i t h  t h e  a i d  o f  a (d )  scanning e lec t ron  

microscope. 
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(a )  \ le t  mounts o f  spores were studied, a f t e r  s e a l i n g  the  c o v e r s l i p  

w i t h  p a r a f f i n  wax, us ing phase con t ras t  microscopy. The v a r i a t i o n s  i n  

t h e  morphology o f  t h e  spores were recorded by photomicrography, as recomended 

by Lom (1  969) 

( b )  To revea l  the  presence o f  mucous envelopes, t h e  I n d i a  i n k  technique 

was used (Lon and Vavra, 1963). Po l yv iny l  lactophenol  i o d i n e  was used 

t o  de tec t  i od inoph i  1 i c  vacuole (Davies, 1968). F o r  o the r  spore de ta i  1 s, 

t h i n  smears o f  spore suspension were a i r  d r ied ,  f i x e d  i n  absolute methanol 

and s ta ined  w i t h  Giensa's s t a i n  (see Anlacher, 1970). Feulgen's  technique 

was a l so  employed t o  s t a i n  these smears a f t e r  having been f i x e d  i n  form01 

sa l ine .  

( c )  The a c r i d i n e  orange f l uo rescen t  technique was used t o  d i f f e r e n t i  a te  

l i v e  from dead spores, us ing f l uo rescen t  microscopy (see Uspenskaya, 

1978). 

The above s t a i n i n g  procedures are  commonly used f o r  s tudying Flyxosporea. 

(d )  For  scanning e l e c t r o n  microscopy, spores o f  - M. neurobius were 

prepared as fo l l ows .  A f t e r  f i x a t i o n  i n  2.5% b u f f e r e d  phosphate g lutara ldehyde 

(pH 7.3) overn igh t ,  the  spores were c o l l e c t e d  on m i - l l i p o r e  f i l t e r s  i n  

a p l a s t i c  chamber by us ing a p l a s t i c  syr inge, washed i n  phosphate b u f f e r  

(pH 7.3) and dehydrated i n  e t h y l  a lcohol .  Dry ing was accompl i shed w i t h  

t h e  a i d  of a c r i t i c a l  p o i n t  d r i e r  Bomar SPC 900 w i t h  f r e o n  13, a f t e r  

passing through an ascending se r ies  o f  Genesolv-D. The m i l l i p o r e  f i l t e r s  

were at tached t o  t h e  support ing specimen stubs by t ransparent ,  double- 

coated tape. A f te r  a thorough gold-pal lad ium c o a t i n g  i n  a Technics Hummer V 

Sput ter  coater ,  t h e  stubs were examined w i t h  an ETEC Autoscan a t  20 kv. 

Some spores were t r e a t e d  w i t h  1.5-2.0% KOH f o r  e x t r u s i o n  o f  p o l a r  f i l a i nen t  

p r i o r  t o  f i x a t i o n .  



Measurements o f  both f r e s h  and f i x e d  spores were made w i t h  t h e  a i d  

o f  an ocu la r  micrometer. Drawings were made by t r a c i n g  t h e  p i c t u r e  on 

t h e  scanner screen through microf iches,  as we l l  as by drawing freehand, 

w i t h  t h e  a i d  o f  an eye-piece g r a t i c u l e .  

D.  METHODS FOR STUDY IRG DEVELOPb1Ei.IT OF - M. NEUROBIUS 

A se r ies  o f  successive monthly sanples o f  underyear l ing sockeye 

salmon were taken from Sproat Lake du r ing  t h e  pe r iod  August-December 

1981. The August sample was f i x e d  i n  10% f o r m a l i n  immediately a f t e r  

catching,  and brought t o  t he  P a c i f i c  B i  01 og ica l  S ta t ion .  The Septenber 

sample was t ranspor ted  t o  t h e  S t a t i o n  on i c e  and f i x e d  i n  Bouin 's  so lu t i on .  

The October sample was maintained a l i v e  i n  a 34 1 f i b r e g l a s s  tank supp l ied  

w i t h  a cont inuous f l o w  (2.8-3.0 l h i n )  of dech lor ina ted  water a t  a secsonal 

f l u c t u a t i o n  o f  temperature (5-12.5 C). This  sample was . used i n  t h r e e  

p o r t i o n s :  one was examined dur ing  October and c o n s t i t u t e d  the  October 

sample proper,  t h e  second and t h i r d  were used as November and December 

samples respec t i ve l y .  

The e n t i r e  f i s h  were f i x e d  i n  10% f o r n a l i n  o r  Bouin 's  s o l u t i o n  f o r  

a minimurn o f  24 hours before processing. The f i s h  were decapi tated by 

c u t t i n g  between t h e  operculum and pec to ra l  f i n .  Each head was then f u r t h e r  

d i v i d e d  by a s a g i t a l  o r  a coronal i n c i s i o n .  Two coronal i n c i s i o n s  were 

made i n  t h e  t rans lucen t  cranium t h a t  was no t  s a g i t a l  l y  inc ised,  one j u s t  

behind t h e  eye and another i n  a p o s i t i o n  between t h e  o p t i c  tectum and 

t h e  cerebellum, so t h a t  t he  b r a i n  was c u t  i n t o  i t s  f o r e -  mid- and h ind-  

b ra in .  sec t ions  (F ig .  l a ) .  A l l  p a r t s  o f  t h e  head were dehydrated through 

an a lcohol  ser ies ,  c leared i n  xylene and i n f i l t r a t e d  w i t h  p a r a f f i n  wax 

(56 C) i n  an automatic t i s s u e  processor (Autotechnicon U l t r a ) .  The t i ssues  



Fig 1 .  Diagramnatic r ep re sen ta t ion  of Oncorhynchus nerka showing t h e  

p o s i t i o n  o f  i nc i s ions  i n  o rde r  t o  g ive  access  t o  t h e  bra in  and 

sp ina l  cord. 

a .  TWO coronal i n c i s i o n s  d iv id ing  t h e  b ra in  i n t o  i t s  f o r e -  mid- 

and hind regions. 

b. Three inc i s ions  i n  t h e  s9 ina l  cord.  





were immersedin molten p a r a f f i n  wax under negat ive pressure ( -  11.55 kg) 

f o r  30 min and embedded i n  fresh pa ra f f i n  wax of t he  same me1 t i  ng p o i n t .  

The paraff  i n-embedded t i ssues  were sect ioned on a  r o t a r y  m i  crotome a t  

8 urn. Sect ions were f l o a t e d  i n  a  water ba th  conta in ing  g e l a t i n ,  mounted 

on f ros t -end g1 ass s l i d e s  and coded. The s l i d e s  were s ta ined w i t h  haena- 

t o x y l  i n-eosi n  a f t e r  hyd ra t i  on, dehydrated and mounted w i t h  Permount. 

Some s l i d e s  were sta ined w i t h  nethy lene blue, o r  methylene b lue  w i t h  

eos in  i n  a lcohol  as countersta in.  

S l i d e s  were exaained under b r i g h t  f i e l d  i l l u m i n a t i o n  o f  a  Re icher t  

o r  L e i t z  D ia lux  20 microscope. Photonicrograpns were taken on Kodak 

Ectachrome 64 s l i d e  f i l m ,  o r  Kodachrom 40 s l i d e  f i l m .  Freehand drawings 

were made w i t h  the  a i d  of eye-piece g r a t i c u l e ,  a t  magn i f i ca t ion  x  1,000. 

?!easurernents were made w i t h  t h e  a i d  of an ocu lar  micrometer. 

I n  add i t ion ,  examinations were made of sockeye salmon smolts caught 

d u r i n g  t h e i r  seaward migrat ion.  The processing of these f i s h  was s i n i  1ar 

t o  t h a t  described above. Squash samples of t he  b ra in  o f  these were a l so  

s tud ied  and photographed. Thin squashes of b ra ins  were f i x e d  i n  methanol 

and s ta ined  w i t h  Giemsa's s ta in ,  o r  nethy lene b lue and eosin. A few 

samples were f i x e d  i n  Held f i x a t i v e  and s ta ined w i t h  Held t e s t  (Gray, 

l9GO). Th is  s t a i n  was comonly  used fo r  mic rog l ia .  ~ h o t o m i c r o ~ r a p h s  

were taken o f  smear p r e p a r ~ t i o n s .  

E . KETHODS FOR STUDYING SPORE DISTRIBUTION AND PATHOGENICITY 

D i s t r i b u t i o n  o f  spores i n  t h e  b r a i n  was studied i n  srnolt, underyear l ing,  

and a d u l t  sockeye salmon. Long i tud ina l  and transverse sec t ions  of t h e  

b r a i n  t i ssue ,  processed as described above were examined. For  t h e  a d u l t  

f i s h  t h e  bra ins,  r a t h e r  than whole heads were processed, because o f  t h e  



volume o f  t i s s u e .  

S e r i a l  sec t ions  o f  t he  b r a i n  t i s s u e  were s ta ined w i t h  nethy lene 

b l u e  and eosi n i n  a lcohol  as coun te rs ta i  n. Th is  s t a i n  proved t o  be excel l e n t  

f o r  t h e  d i s t r i b u t i o n  study, because t h e  spores took on t h e  b lue  co lou r  

and so were r e a d i l y  d i s t i ngu i shab le  f rom t h e  red  b r a i n  t i ssue ,  even under 

low magn i f i ca t i on .  The nuc le i  o f  t h e  b r a i n  c e l l s  were a l so  blue, b u t  

t h e i r  shape was c l e a r l y  d i s t i n c t  f rom that. o f  t h e  spores, and so n i n i n i z i n g  

confus ion.  

The s t a i n i n g  method was the  same as t h a t  mentioned i n  t h e  sec t i on  

above. However, t h e  s l i d e s  were f i r s t  innersed i n  eosin a lcohol  ( 5  m l  

eos i  n  + 100 m l  a1 coho1 ) before c o n t i  n u i  ng:, dehydrat ion and c l e a r i n g .  

Spore d i s t r i b u t i o n  along the  l e n g t h  o f  t h e  sp ina l  cord  was s tud ied  

i n  t ransverse  sec t ions  taken from va r ious  p a r t s  o f  t h e  cord. The body 

was c u t  a t  t h ree  po in ts ,  as shown i n  F ig .  l b .  The t i ssues  were processed 

i n  t h e  same manner as t h e  b r a i n  samples and spores loca ted i n  t h e  s t a i w d  

s p i n a l  cord t i s s u e .  

Semidiagrammatic maps of spore d i s t r i b u t i o n  i n  t h e  b r a i n  and sp ina l  

co rd  were made a f t e r  examination under a  d i s s e c t i n g  scope a t  low magn i f i ca t i on  

( x  12) o r  a t  40, especi a1 l y  f o r  t h e  s p i n a l  cord. The l o c a t i o n s  05 t h e  

spores i n  t h e  b r a i n  were a l so  recorded photomicrograph ica l l y  using.Kodak 

Ectrachrome 64 s l i d e  o r  b lack and w h i t e  s l i d e  f i l m .  

A l l  processed t i ssues  were examined f o r  poss ib le  pathogenic i n f l u e n c e  

of - M. neurobius. Any h i s t o l o g i c a l  changes i n  t he  b r a i n  wer? noted and 

photographed. 

F. EXPERIMENTAL DESIGN TO DEMONSTRATE PARASITE TRANSF4ISSIO?4 

Both f resh and aged spores were used as i n f e c t i v e  ma te r ia l  i n  ex?er iaents 



aimed a t  t r a n s m i t t i n g  - M. neurobius f rom one f i s h  t o  another. Ageing o f  spores 

was attempted by p lac ing  in fec ted  b r a i n s  from a d u l t  f i s h  i n  f o u r  100 m l  

beakers, f o u r  b ra ins  i n  each. The beakers were covered i n d i v i d u a l l y  

w i t h  ny lon ne t t i ng .  Each beaker was placed i n d i v i d u a l l y  i n  a 1.0 1 beaker. 

These beakers were then separa te ly  p laced i n  34 1 f i b reg lass  tanks suppl ied 

w i t h  dech lor ina ted  domestic water w i t h  continuous f low ( 1  l / m i n )  a t  seasonal 

f 1 u c t u a t i  ng temperatures (5-1 2 C) . 
Another se r i es  o f  aged spores was prepared by p u t t i n g  ground i n f e c t e d  

b r a i n s  i n  g lass j a r s  conta in ing  mud c o l l e c t e d  i n  t h e  y a r d  o f  t h e  f i s h  

c u l t u r e  b u i l d i n g .  Each inocu l  un conta ined 12 ground, i n f e c t e d  bra ins .  

The open j a r s  were i n d i v i d u a l l y  kep t  i n  separate 34 1 f i b r e g l a s s  tanks, 

w i t h  the  sane water regime as t h a t  o f  t h e  preceding se r ies .  

The morphology o f  the  spores i n  each monthly sanple from both se r ies  

was examined. Spores were cleaned f o r  t h i s  purpose by s iev ing  through 
9 

a t r i p l e  th ickness o f  cheesecloth, r e - f i l t e r i n g  through a f i l t e r  funnel,  

and c e n t r i f u g i n g  as t h a t  p rev ious l y  descr ibed o f  spore c lean ing  . Smears 

o f  spore suspension were made and s ta ined  w i t h  Feulgen's  s t a i n  a f t e r  

being f i x e d  i n  10% form01 sa l i ne .  The f i l a m e n t  e x t r u s i o n  a b i l i t y  o f  

t h e  spores was tes ted  b y t r e a t i n g  w i t h  1.5-2.0% #OH. The a c r i d i n e  orange 

technique (see Uspenskaya, 1978) was a1 so employed. The spores were 

cen t r i f uged  i n  an I n t e r n a t i o n a l  C l i n i c a l  Cent r i fuged a t  3393 rev/min 

f o r  5 min. A f t e r  t he  supernatant was drawn o f f ,  a c r i d i n e  orange s o l u t i o n  

a t  d i l u t i o n  1:20,000 was added t o  t h e  p e l l e t .  A f t e r  10 n i n  t h e  spores 

were examined w i t h  the  a i d  o f  a Zeiss f luorescence microscope. 

Spore counts f o r  t he  t ransmiss ion  experiments were made by us ing  

an A0 Spencer b r i g h t  l i n e  haemacytoneter w e l l  0.1 nn deep. The count 

was based on t h e  number o f  spores i n  f i v e  groups of 16 small squares 
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w i t h  20 r e p l i c a t e s ,  observed under 40 x 15 magn i f i ca t ion .  The nunber 

o f  spores i n  1 m l  o f  s o l u t i o n  was c a l c u l a t e d  according t o  t h e  f o l l o w i n g  

f o r n u l  a: 

- 
where, p = t h e  average number o f  spores i n  20 counts 

q = t h e  number o f  small squares counted 

N = t h e  number o f  spores i n  1 m l  o f  s o l u t i o n  

Four t ransmiss ion!  experiments were done. Spores were in t roduced 

i n t o  f i s h  by fo rce- feed ing  o r  by p l a c i n g  t h e  f i s h  i n  spore suspensions. 

Since no data a re  a v a i l a b l e  on t h e  nunber o f  spores t h a t  should be i n j e c t e d  

i n t o  t h e  f i s h ,  an a r b i t r a r y  amount o f  spores was adai n i  s te red  

t o  t h e  f i s h  i n  these experiments. 

I n  t h e  f i r s t  experiment (August 7, 1980) f r e s h  spores f rom an a d u l t  

f i sh (Oncorhynchus nerka Wal baum) were adni n i  s te red  by force- feeding 

t h e  experimental  f i  shy Oncorhynchus k i  sutch (Hal baum) . The f i s h  were 

fo rce - fed  0.1 m l  doses o f  spore suspension (28,000 and 70,000 spores 

r e s p e c t i v e l y ) .  The f i r s t  dose c o n s t i t u t e d  t h e  group o f  Treatment 2, , 

and t h e  second was t h a t  o f  Treatment 3. The admini s t r a t i o n  was c a r r i e d  

ou t  w i t h  t h e  a i d  of a 1 m l  d isposable p l a s t i c  syr inge,  equipped w i t h  

a technicon 020-116-0536-05 rubber  tube. The tube was g e n t l y  i n s e r t e d  

i n t o  t h e  oesophagus o f  t he  f i s h  and t h e  spores were c a r e f u l l y  i n j e c t e d ,  

t o  avoid t h e i r  expu ls ion  by t h e  f i s h .  The f i s h  were then p laced i n  34 1 

f ibreglass:  tanks suppl ied w i t h  cont inuous water f l o w  a t  2.8-3.0 l /m in .  

The water was suppl i e d  from t h e  domestic, dechl o r i  nated source a t  temperature 

15 C. I n  add i t i on ,  a batch o f  10 f i s h ,  t r e a t e d  w i t h  d i s t i l l e d  water 
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i n  p lace o f  spore suspension was used as a con t ro l .  A rep1 i c a t e  was 

produced f o r  each o f  these t h r e e  batches. The c o n t r o l  f ish,  l i k e  those 

i n  t h e  t r e a t e d  batches were i n  t h e  43-93 mm s i ze  range. No anaesthet ics 

were used when adminis ter ing t h e  spores. The de ta i  1 s o f  t reatment  a re  

summarized on Table 2. 

The second experiment (March 3, 1981) consis ted o f  p u t t i n g  the  

experimental f i s h  i n t o  suspensions o f  f r e s h  o r  aged spores (Table 3 ) .  

One batch o f  30 f i s h  was exposed t o  f r e s h  spores (T.21, one t o  spores 

aged i n  mud f o r  109 days (T.3), and t h e  t h i r d  t o  spores aged f o r  131 

days w i thout  mud (1.4). This  experiment was conducted i n  3 1 beakers 

conta in ing  1 1 o f  dechlor inated water and equipped w i t h  a i r  pumps. Exper i -  

mental f i s h  were 3 month o l d  sockeye salmon, 35-37 mn long. On t h e  f i r s t  

3 day o f  t h e  experiment 5 m l  o f  f r e s h  spores (160 x 10 specimens/ml), 

3 mud-aged spores (145 x 10 specinens/ml), and spores aged w i thou t  mud 

3 (180 x 10 specinens/ml), were added t o  each o f  t h ree  beakers con ta in ing  

1 1 o f  domestic water. A number of 30 f i s h  were p laced i n  each beaker. 

On t h e  second day another 10 nl o f  spore suspension was added t o  each 

beaker ( 5  nl i n  t h e  morning and 5 m l  i n  t h e  af ternoon).  S i m i l a r  a d d i t i o n s  

were made on t h e  t h i r d  day. A r e p l i c a t e  was made f o r  each t reatment  

and another two beakers conta ined c o n t r o l  f i s h  w i thou t  spores (T .1) .  

The water temperatures a t  t h e  t ime  o f  spore admin i s t ra t i on  were 7.1 - 

7.5 C. On t h e  e igh th  day a l l  f i s h  were t r a n s f e r r e d  i n t o  e i g h t  f i b r e g l a s s  

tanks. A l l  beakers were numbered and t r a n s f e r  was made t o  tanks w i t h  

i d e n t i c a l  numbers. The tanks were suppl ied w i t h  water a t  cont inuous 

f low (2.8 - 3.0 l l m i n )  from t h e  same domestic dech lor ina ted  source a t  

seasonal temperatures 5 - 20 C. 

The t h i r d  experiment (June 12, 1981) invo lved t h e  use o f  f r e s h  spores 
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obta ined f r o n  sockeye salmon sno l ts  o f  Sproat Lake and Henderson Lake 

caught dur ing  seaward migra t ion .  Sockeye salinon f r o n  t h e  same source 

as t h a t  o f  experiment 2 were used as experimental  f i s h .  The i r  s i z e  range 

was 53-80 mm. The spores were, introduced by force- feeding,  as i n  t h e  

f i r s t  experiment (Table 4) .  One batch o f  30 f i s h  was g iven 0.3 ml o f  

Henderson Lake spores (55,000 spores) whi 1 e t h e  o the r  was admi n i  s te red  

0.35 m l  (75,000 spores) f rom Sproat Lake. The c o n t r o l  f i s h  were g iven 

on l y  d i s t i l l e d  water. No r e p l i c a t e  was made t o  each t reatment  i n  t h i s  

experiment. The f i s h  were anaesthetized w i t h  MS 222 before t h e  admini s t r a t i o n  

o f  t h e  spores. Temperature a t  t he  t ime o f  spore admin i s t ra t i on  was 12.5 C. 

The f o u r t h  exper inent  was conducted on September 9, 1981. Fresh 

spores and spores kept  i n  a r e f r i g e r a t o r  a t  4 C f o r  f i v e  months were 

used as the  i n f e c t i v e  n a t e r i a l .  Two batches o f  f i s h  c o n s i s t i n g  of 30 

i n d i v i d u a l s  each were fo rce - fed  w i t h  spore suspension. Each f i s h  of 

t h e  f i r s t  batch rece ived 0.1 m l  o f  f r e s h  spore suspension c o n t a i n i n g  

75,000 specimens ( T . l ) ,  whereas t h a t  o f  t h e  second batch rece ived 0.1 nl 

o f  r e f r i g e r a t e d  spore suspension conta in ing  85,000 specimens (T.2). 

The method o f  admin is te r ing  t h e  spores was t h e  sane as i n  t h e  prev ious  

experiment, a t  water temperature 18 C. The f i s h  were anaesthet ized w i t h  

b1S 222. Table 5 summarizes t h e  treatments. 

I iegular sampling was conducted a t  monthly i n t e r v a l s ,  b u t  some f i s h  were 

examined e i g h t  days p o s t i n f e c t i o n .  I n  a d d i t i o n  a l l  f i s h  t h a t  d i e d  du r ing  

t h e  course of t he  experiment were exanined immediately f o r  spores o r  e a r l y  

stages o f  - )I. neurobius. The standard sample cons is ted  o f  one o r  two 

f i s h ,  bu t  change i n  t h e  s i z e  o f  t h e  sample was f requent .  Both f r e s h  

and f i x e d  f i s h  were exanined. Hematoxylin-eosin and nethy lene b lue -  

eosi n s ta ins  were used on f i x e d  mater i  a1 . A1 1 f i n d i n g s  were recorded 
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by photomicrographs. Free-hand drawings were made with the  aid of eye- 

piece g ra t i cu le  under bright f i e l d  i 11 urnination. 



RESULTS 

A. MORPHOLOGY AND DEVELOPMENT OF LIYXOBOLUS I4EUROBIUS 

1. Morphology 

Descr ip t ions  o f  Myxosporea are  u s u a l l y  based on t h e  morphological 

c h a r a c t e r i s t i c s  o f  t h e i r  vegeta t ive  stages and spores. I n  many instances, 

e s p e c i a l l y  among t h e  h i s t o z o i c  forms, species have been described on 

t h e  basis  o f  spores alone. This  i s  t r u e  a l so  o f  - M. neurobius. Schuberg 

and Schroder (1 905) and subsequent i n v e s t i g a t o r s  (Konoval ov, 1971 ; Arthur ,  

1975) d i d  no t  f i n d  stages o ther  than spores. Therefore, i t  was deemed 

necessary t o  s t a r t  t he  present p r o j e c t  w i t h  a  thorough r e d e s c r i p t i o n  o f  

t h e  spore stage and i n i t i a l  desc r ip t i ons  o f  vege ta t i ve  stages f o r  t h i s  

speci es. 

( i  ) Vegetat ive stages 

Vegetat ive stages i n  t h e  form o f  n u l t i n u c l e a t e  t rophozo i tes  were 

found i n  22 ou t  o f  118 examined specimens o f  underyearl  i n g  (O+ aged group) 

sockeye salmon. Ne i ther  t h e  smolt (1+ aged group) nor  t h e  a d u l t  f i s h  

harboured t h i s  stage. Among t h e  i n f e c t e d  f i s h ,  21 specimens came from 

t h e  August, 1981 sample,whereasonly 1  f i s h  taken i n  September was i n f e c t e d  

w i t h  t h i s  stage. No vegeta t ive  stages were found i n  samples c o l l e c t e d  

i n  October and subsequent months (Tab1 e  6 ) .  

A1 1  t h e  mu1 t i n u c l e a t e  vegeta t ive  stages were found i n  b lood c a p i l l a r i e s  

o f  t he  b r a i n  and . I n  t h e  b r a i n  they  were l oca ted  i n  t h e  

t e l  encephalon ( f o r e b r a i n )  and i n  t h e  mid- and h i  nd-bra in.  I n  t h r e e  instances 

they  were found a l so  i n  capi  1  l a r i e s  o f  meninx p r i n i t i v a .  It can be assumed 

i n  t h i s  l a t t e r  s i t e  t h a t  they  were i n  t h e  course o f  m ig ra t i on  t o  t h e  bra in ,  

t h e i r  u l t i m a t e  s i t e .  

A t  t h i s  stage o f  development t h e  p a r a s i t e  does n o t  complete ly  occlude 





t he  vessel.  No d i r e c t  contact  was observed between t h e  p a r a s i t e  and the  

capi 11 ary  membrane, though cap i  l l a r i  es were d i  stended a t  t h e  p o i n t  occupied 

by t h e  p a r a s i t e  (F ig.  2 ) .  The shape o f  t he  p a r a s i t e  appears t o  be noulded 

by t h e  b lood vessel which conta ins  it. I n  sect ions,  t h e  shape o f  t h e  

p a r a s i t e  va r ied  from spher ica l  o r  oval  t o  slender. The average s i z e  o f  

t h e  c e l l  was 20.2 ' 2.3 um (13.8 - 38.3) i n  l e n g t h  and 13.2 ' 0.3 un 

(10.5 - 21.4) i n  w id th  (n=3O). 

As mentioned above, t he  e a r l i e s t  stages found du r ing  the  course o f  

t h i s  study were mu l t i nuc lea te  t rophozo i tes .  Th is  stage, however, seem 

t o  be the  f i n a l  one i n  the  course o f  t he  development p r i o r  t o  sporogony, 

s ince t h e  nuc le i  were d i s t r i b u t e d  throughout t h e  c e l l .  Some o f  t h e  nuc le i  

were present even near t he  ou te r  c e l l  neriibrane. A t  t h i s  stage no d i s t i n c t i o n  

Tile p e r i  pheral 

seemed t o  

cou ld  be made between ecto- and endoplasm (see F ig .  2,3,4). 

membrane appeared t o  be devoid o f  s t r i a t i o n s .  A l l  cytoplasm 

have been obscured by nuc le i .  

The n u ~ b e r  o f  c e l l  n u c l e i  (based on counts made f rom s l  

8  um) va r ied  depending on t h e  s i z e  o f  t he  c e l l ,  rang ing  f rom 

ides  c u t  a t  

45 t o  103. 

The shapes o f  nuc le i  var ied  f rom spher ica l  t o  i r r e g u l a r .  Spher ica l  nuc le i  

measured 0.76 - 1.02 urn i n  diameter.  . 
The generat ive nuc le i  cou ld  no t  be d i s t i ngu i shed  f rom t h e  vegetat ive.  

Both types s ta ined  dark red  w i t h  hematoxyli 

w i t h  nethy lene blue. The chromat in network 
u 

h i g h l y  probable t h a t  t he  subspher ica l  nucl e 

i n  F ig .  3. The nucleus was surrounded by a 

n and eosin, and dark b lue  

cou ld  n o t  be seen. It i s  

i were generat ive,  as seen 

1 ayer o f  cytoplasm and an 

outer  d i s t i n c t  nembrane, a l l  o f  which i n d i c a t e d  t h e  beginning o f  t h e  format ion 

of sporonts. 

I n  t h e  absence o f  observat ions on l i v i n g  organisms i t  i s  d i f f i c u l t  



Fig. 2: Two views of mu1 ti nucl eate (arrows) trophozoi tes of :iyxobol us 

neurobius within a brain capillary showing trophozoite ( t )  and 

erythrocyte ( e )  within the capillary wall ( w ) .  

Note the variations in shape of the trophozoite and distention 

of capillary. Hematoxylin and eosin stain (a. x 3500; b. x 2000) 





t o  comment on the  loconotory powers o f  - M. neurobius. However, as can 

be seen i n  F ig .  4, t h i s  species appears t o  have some locomotory a b i l i t y .  

The f i g u r e  shows two lobes p r o j e c t i n g  f rom t h e  c e l l  and curv ing  around 

an ery throcy te .  This s t rong ly  suggests amoeboid movement. It seems t h a t  

such l o b e - l i k e  extensions form a t  any p o i n t  on t h e  sur face o f  t h e  c e l l .  

None o f  t h e  rnul t inucleate c e l l s  examined was found t o  con ta in  a spore. 

I n  t h e  August sample, i n  p a r t i c u l a r ,  these mu l t i nuc lea te  c e l l s  were the  

on l y  stages found i n  the  c a p i l l a r i e s  o f  t h e  b r a i n .  No t r a c e  o f  t h e  pa ras i te  

was found i n  the  b r a i n  t i ssue.  

( i i  ) Spore 

I n  i t s  general c h a r a c t e r i s t i c s ,  t he  spore o f  - M. neurobius resembles 

those o f  o the r  species o f  t h e  genus. L i k e  t h e  spores o f  a l l  I~lyxobolus 

species i t  has a  t ransparent  spore membrane, t h e  s h e l l ,  composed of two 

valves. The valves meet along a  su tu ra l  r i d g e  runn ing  t h e  e n t i r e  length  

o f  t h e  su ture  between the  valves. I n s i d e  t h e  spore, two po la r  capsules 

are present,  occupying the  a n t e r i o r  p a r t  o f  t h e  spore. Each p o l a r  capsule 

conta i  ns a  c o i  1  ed po l  a r  f i 1 ament . The sporopl asm occupi es the  p o s t e r i o r  

p a r t  o f  t h e  spore; and i o d i  nophi 1  i c  vacuole and sporopl asm n u c l e i  , one 

i n  mature and two  i n  immature spores can be seen w i t h i n  it. The surface 

o f  t h e  s h e l l  i s  smooth, w i thou t  ornamentation o r  processes ,(Fig. 5). 

I n  r e l a t i o n  t o  the  t o t a l  s i z e  o f  t h e  spore, t h e  s h e l l  i s  r e l a t i v e l y  t h i c k  

(0.58 um); i t  i s  a lso  uniform, except f o r  t h e  prominent su tu ra l  r i d g e  

(F ig.  5b). The th ickness o f  t h e  s h e l l  i s  c l e a r l y  v i s i b l e  i n  p o l y v i n y l -  

1  actophenol - i o d i  ne sta ined spores. Methylene b l u e  i a p a r t s  a  b lue  co lour  

t o  t h e  ou te r  membrane o f  t h e  spore. The s h e l l  d i d  no t  r e a c t  w i t h  Feulgen 

o r  hematoxyl in and eosin s ta ins .  I n  spores s ta ined  w i t h  a c r i d i n e  orange, 

t he  s h e l l  was green under t h e  f l uo rescen t  microscope. The a p p l i c a t i o n  



F i g  . 3: Trophozoi t e  nuc le i  o f  Myxobol us neurobi us ( arrows) surrounded 

by a l a y e r  o f  cytoplasm and a d i s t i n c t  ou te r  membrane i n d i c a t i n g  

t h e  beginning o f  t h e  fo rmat ion  o f  sporonts. Hematoxylin and .- 

eos in  s ta in .  x 2500. 

F ig .  4: The locomotory a b i l i t y  o f  t h e  t rophozo i te  o f  Myxobolus neurobius 

i s  suggested by t h e  two t rophozo i te  lobes surrounding 

an e ry th rocy te  ( e ) .  Hematoxylin and eox in  s ta in .  x 2500. 





F ig .  5: Scanning e l e c t r o n  micrograph of spores of Flyxobolus neurobius 

showi ng: 

a) t h e  smooth sur face  o f  t h e  she1 1  ( s )  ( x  4000). 

b )  t h e  prominent s u t u r a l  r i d g e  ( s r ) .  ( x  5200). 

Note a deep fu r row along s u t u r a l  r i dge .  
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o f  I n d i a  i n k  s t a i n  d i d  no t  reveal  t he  presence o f  a  mucus envelope. 

Fresh spores do no t  show a prominent s u t u r a l  l i n e .  However, examination 

under t h e  scanning e l e c t r o n  microscope shows i t  q u i t e  c l e a r l y ,  a  a s t r a i g h t  

l i n e  d i v i d i n g  t h e  spore symmetr ical ly i n t o  two valves ( f i g .  6a) The 

A fu r row appears along t h e  su tu ra l  r idge.  The openings o f  t h e  

/L 
prominence o f  t h e  su tu ra l  r i d g e  makes t h e  spore appear t h i c k e r  i n  t h i s  region. 

p o l a r  fi 1  anent, o r  so-ca l led  capsular foramina, are s i t u a t e d  on t h e  su ture  

(F ig .  6b). 

The po la r  capsules con ta in  s p i r a l l y  wound p o l a r  f i laments .  Each 

a r  capsule develops from a  capsulogenic c e l l  du r i ng  t h e  development 

t h e  spore (F ig.  7a).  The c e l l  i s  c l e a r l y  d i f f e r e n t i a t e d  f rom t h e  o thers  

i t s  s i z e  and t rans lucen t  appearance, when seen i n  f r e s h  m a t e r i a l .  

t he  i n i t i a l  stages o f  development t h e  c e l l  i s  spher ica l ,  one capsule 

being l a r g e r  than t h e  o ther  (F ig .  7b). Capsulogenic n u c l e i  can 

be seen i n  young spores, bu t  disappear f rom t h e  mature spores. The p o l a r  

capsules extend f rom t h e  a n t e r i o r  end i n t o  t h e  second h a l f  o f  t h e  spore, 

occupying 3/4 o f  i t s  length .  They are arranged i n  t h e  su tu ra l  p lane o f  

t h e  spore (Fig. 8) and do no t  touch each o the r  o r  t h e  va lve  w a l l s .  The 

a n t e r i o r  ends o f  t h e  capsules are neck- l i ke .  The t y p i c a l  number o f  capsules 

i s  two, as i t  i s  i n  a1 1  species o f  Myxobol us, bu t  abnormal ,spores .wi th 

t h r e e  po la r  capsules are  occas iona l ly  found (F ig .  3) .  Seen under phase 

i 11 un i  nat ion, t h e  capsules are very d i s t i n c t  and b i  r e f r i  ngent . They s t a i n  

w e l l  w i t h  methylene b lue  and Held t e s t  (F ig .  10). Methylene b l u e  s ta ined 

capsules are c l e a r  i n  o u t l i n e  and d e f i n i t e l y  blue. The Meld t e s t  r e s u l t e d  

i n  r e d  po la r  capsules and d i s t i ngu i shed  them w e l l  f rom t h e  r e s t  o f  t h e  

spore. The capsules absorbed the  dark b l u e  co lou r  o f  Giemsa s t a i n .  

Hematoxylin and eos in  s ta in ,  however, f a i l e d  t o  s t a i n  them and t h e  capsules 



F i g  6: Scanning e l e c t r o n  micrograph o f  spores o f  !?yxobolus neurobius 

showi ng : 

a  t h e  s t r a i g h t  s u t u r a l  1 i n e  (a r row) .  ( x  5760) 

t h e  i n v e r t e d  lumen opening o f  t h e  p o l a r  f i l ament ,  s i t u a t e d  

on t h e  su ture  (arrow).  ( x  10,080) 

Note t h e  cons i s ten t  occurrence of t h e  fur row a1 ong the  s u t u r a l  

r idge .  





Fig .  7: A squash of b ra in  t i s s u e  showing mature spore,  sporobl a s t  and 

a l s o  a p a i r  of 

a )  capsulogenic  c e l l s  ( a r rows ) .  ( x  2500) 

b )  po la r  capsu les ,  one more advanced than  the o the r  (a r row) .  

( x  2500) 





F i g .  8: A spore o f  Ivlyxobolus neurobius showing t h e  r e l a t i v e  p o s i t i o n  

o f  t h e  p o l a r  capsules (pc )  i n  t h e  s u t u r a l  p lane. Fresh spore. 

F i g .  9: An abnormal spore o f  I4yxobolus neurobius c o n t a i n i n g  t h r e e  p o l a r  

capsules (pc ) .  Fresh spores. ( x  2000) 





Fig. 10: Spores of I4yxobolus neurobius showing the a f f i n i t y  of polar 

capsules f o r  nethylene blue and Held s ta ins .  

a )  methylene blue s t a in .  ( x  1840) 

' bj Helds ta in .  

Note t he  v i s i b i l i t y  of coiled polar filament. ( x  1840) 





appeared t ransparent  and f a i n t  i n  o u t l i n e .  A dark magenta co lour  was 

seen along t h e  p o i n t s  o f  f l e x i o n  o f  t h e  p o l a r  f i l amen ts  s ta ined w i t h  

Feulgen s t a i n .  Treatment w i t h  ac r i d ine  orange and observat ion under t h e  

f 1 uorescence microscope showed the  po l  a r  capsul es as opaque green. 

The p o l a r  f i laments  are r e g u l a r l y  c o i l e d  i n s i d e  t h e  capsules. They 

cannot be seen, however, i n  f resh,  unstained ma te r ia l .  Fi lament c o i  1s 

can be d i  s t i  ngui shed i n  spores sta ined w i t h  p o l y v i n y l  -1 aclophenol - i o d i n e  

o r  v ~ i t h  methylene blue. Hematoxyl i n  and eosin, and methylene b lue  app l ied  

t o  f i x e d  spores f a i l e d  t o  show the  f i laments .  Held t e s t ,  w i t h  proper 

d e s t a i n i  ng i n  f e r r i c  alum r e s u l t e d  i n  c l e a r l y  v i s i b l e  p o l a r  fil anents. 

F i  1 anents ext ruded from the  capsules absorb methyl ene blue. The c o i  1 s . 
o f  t h e  p o l a r  f i l a m e n t  are arranged a t  r i g h t  angles t o  t h e  longit .udina1 

a x i s  o f  t h e  capsule. The f i l a n e n t s  can be extruded by t r e a t i n g  t h e  spore 

w i t h  1-1.5% KOH. The extruded f i l amen t  i s  a smooth and ho l low organ, 

when seen under the  phase con t ras t  microscope. Examination under t h e  

scanning e l  ec t ron  microscope, however, shows t h a t  i t  i s  s p i r a l  l y  t w i  s ted 

around i t s  own long i tud ina l  a x i s  (F ig.  11 1. 

The sporopl asrn f i  11 s t h e  spore c a v i t y  p o s t e r i o r  t o  t h e  pol  a r  capsules. 

I n  f r e s h  ma te r ia l ,  i t  i s  i n  c lose  contac t  w i t h  bo th  spore membrane and 

p o s t e r i o r  p a r t s  o f  t h e  po la r  capsules. It does no t  appear,'however, t o  

extend i n t o  t h e  a n t e r i o r  p a r t  o f  t h e  spore. The spores o f  - M. neurobius 

conta ined o n l y  one mass o f  sporopl asm each. The sporopl asn cons i s t s  

o f  granul  a r  c y t o p l  asm and appears opaque under phase con t ras t  i 11 un i  na t ion .  

The nucleus i s  hard t o  see i n  f r e s h  mater ia l ,  a l though i t s  l o c a t i o n  can 

be sken as a darker  spot i n  t h e  sporoplaso. The sporoplasm o f  young spores 

conta ined two nuc le i ,  but  o n l y  one i s  found i n  mature spores. The nuc le i  

a re  spher ica l  w i thou t  any d i s t i n c t i v e  chromatin.. They are no t  1 i m i t e d  



F i g  . 11 : Scann ing  e l e c t r o n  micrograph o f  Myxobol us  neurobi  us  s p o r e  

showing t h e  ex t ruded  pol a r  f i 1 aments s p i r a l  1 ed  around t h e i r  

a x e s .  ( x  5600) 

pf = p o l a r  f i l a m e n t  





t o  a s t r i c t l y  defined place i n  the sporoplasm, being found sometimes in 

the posterior part and sometimes in la teral  positions. Fresh material 

showed no other inclusions in the sporoplasn. In spores stained with 

polyvinyl -1 actophenol -iodine, however, a spherical vacuole i s  vri s i  ble, 

b u t  i t  i s  not universally present. I t  can a1 so be seen in spores stained 

with hematoxylin and eosin. I t  i s  fa in t ly  stained and located in the 

centre of the sporoplasm. I t s  appearance i s  similar in the spores stained 

with Feu1 gen ' s s ta in.  

In general, the shape of the spore of M. neurobius i s  oviform in - 

the valvular plane, with a tapering anterior end; in sutural view i t  i s  

rather lenticular.  Seen under the scanning electron microscope i t  has 

the appearance of a pumpkin seed, the valves being clear ly domed (Fig. 

12) ' .  Figure 13, shows variations in the shape of the spore. Table 7 

gives the dimensions of fresh as well as fixed and stained spores. 

The young spores (Fig. 14a,b,c,d) are spherical, with an average 

diameter 13-14 um, which i s  invariably larger than the nature spore. 

The stage represented in Fig. 14a i s  the f i r s t  in which the ce l lu lar  organ- 

i zat i  on becomes apparent during the devel opnent of the spore, a1 though 

the  component c e l l s  are barely distinguishable from one another. However, 

as the development advances, the ce l l s  become apparent. In-Fig.  14b an 

opaque l ine along the position of the future suture l ine  indicates the 

formation of the shell  valves, whereas Fig. 14c shows the ident i ty  of 

capsulogenic ce l l s .  They are rounded in shape and translucent in fresh 

material. In Fig. 14d the spore i s  already well defined and d is t inc t ly  

larger than a nature spore. Two sporoplasm nuclei were observed a t  that 

stage. 



Fig .  12: Scanning e l e c t r o n  micrograph o f  a spore o f  ~ lyxobo lus  neurobius 

showing t h e  domed shape o f  valves and s t r o n g l y  developed s u t u r a l  

r idge .  ( x  5600) 

F ig .  13: Fresh spores o f  Piyxobolus neurobius showing v a r i a t i o n s  i n  t h e i r  

shape. ( x  1076) 
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,Fig.  14: Vzr ious stages o f  t h e  young spores o f  !~lyxobolus neurobius.  

a) C e l l  u l  a r  o r g a n i z a t i o n  o f  sporobl  ast .  ( x  2500) 

b )  format ion o f  s h e l l  va l ves  (a r row) .  ( x  2500) 

c )  f o r n a t i o n o f  p o l a r  capsu le  (ar row)  ( x  1075) 

d )  we1 1 de f i ned  spores showing p a r t s  o f  spores (a r rows)  t h a t  

have developed f rom a s i n g l e  sporob las t .  ( x  1076) 





- 48 

2. Devel oprnent cyc le  o f  Xyxobol us neurobi us 

Examination o f  n a t u r a l l y  i n f e c t e d  f i s h  has revealed t h a t  t h e  schizogony 

and sporogony phases o f  - M. neurobius development are w ide ly  separated 

f rom each other ,  no t  on ly  i n  t ime, b u t  a1 so i n  space. Paras i tes  undergoing 

t h e  process o f  schizogony were found i n  t h e  blood c a p i l l a r i e s  o f  t he  b r a i n  

o f  underyear l ing sockeye salmon. This ,  indeed, was the  on l y  stage present 

i n  t h e  August sample of t he  f i sh .  Dur ing  September r ~ i u l t i n u c l e a t e  t rophozo i te  

was found i n  on l y  one f i s h .  Most o f  t h e  September's f i s h  harboured the  

p a r a s i t e  a l ready undergoing sporogony i n  t h e  b r a i n  t i ssue .  I n  l a t e r  conths 

and i n  o ther  f i s h  the  l a t t e r  phase o f  development was found cori iprising 

sporoblasts, young and mature spores. A l l  these stages were present i n  

t h e  b r a i n  t i ssue ,  as opposed t o  t h e  cerebra l  blood vessels. Table 8 provides 

a d e t a i l e d  account o f  t he  d i s p o s i t i o n  o f  var ious developmental stages 

o f  - !I. neurobius dur ing  the  l i f e  span o f  i t s  host.  

The e a r l i e s t  stage o f  developzen-t found dur ing  t h e  course o f  t h i s  

s tudy was t h e  mu l t i nuc lea te  t rophozo i te .  This stage occurs i n  t he  blood 

c a p i l l a r i e s  o f  t h e  b r a i n  and i s  charac ter ized by numerous, packed nuc le i  

f i l l i n g  the  c e l l .  

The nuc le i  almost completely f i  11 t h e  c e l l  u l  a r  space and, consequently, 

t h e r e  i s  l i t t l e  v i s i b l e  cytoplasm and no d i s t i n c t i o n  i n t o  endoplasm and 

ectoplasm. The exact manner i n  which t h e  nuc le i  m u l t i p l i e d ,  could no t  

be determined w i t h  c e r t a i n t y  as they  are un i fo rmly  d i s t r i b u t e d  throughout 

t h e  c e l l .  It i s  h i g h l y  probable t h a t  most nuclear d i v i s i o n  occurred before 

t h e  pa ras i te  reached the  bra in ,  s i nce  t h i s  stage was a l so  found i n  the  

~ a p i l l a r i e s  o f  meninx p r i m i t i v a .  The exact age o f  t he  pa ras i te  i n  t h i s  

l o c a t i o n  was i n p c s s i b l e  t o  determine. However, i n  view o f  t h e  f a c t  t h a t  

t h e  pa ras i te  was found i n  4-nonth-o ld sockeye salmon, i t  nust  be i t s e l f  

4-nonth-old o r  younger. A cytoplasmic l a y e r  could be seen around sone 





n u c l e i  a t  t h i s  stage (see F i g .  3), suggest ing t h a t  t h e  p a r a s i t e  has i n c i p i e n t  

sporonts.  It i s  impor tan t  t o  s t r e s s  t h a t  up t o  t h i s  stage no p a r a s i t e  

has been found i n  t h e  b r a i n  t i ssue .  

The subsequent stage o f  development o f  ?4. neurobius was ob ta ined - 

by examining f i s h  c o l l e c t e d  i n  September, o r  55 days a f t e r  t h e  o r i g i n a l  

August sample had been taken. The p a r a s i t e  i n  September had developed 

t o  a  more zdvanced stage i n  a l l  i n f e c t e d  f i s h .  Furthermore, a l l  p a r a s i t e s  

a t  t h i s  stage occurred i n  t h e  b r a i n  t i ssue .  Only one f i s h  wzs found 

harbour ing a  mu1 t i n u c l e a t e  t rophozo i te .  However, i n  t h i s  f i s h  t h e  1  a t e r  

development stage occurred i n  t h e  b r a i n  t i ssue .  The sane f i s h  a l s o  conta ined 

sporoblast  and young spores. The e a r l i e s t  stage found i n  t h e  b r a i n  t i s s u e  

was t h e  un i  nuc l  eate sporobl a s t  stage. Aggregations o f  sporobl as t s  assumed 

t h e  form of s t rands o r  compact groups, being present  i n  a l l  p a r t s  o f  t h e  

b r a i n  w i t h  t h e  except ion o f  t h e  fo reb ra fn .  Under t h e  microscope.,, these 

sporoblasts  were s u b c i r c u l a r  i n  shape and t h e i r  s i z e  ranged f rom 2.04 

t o  2.72 urn. The n u c l e i  were e x c e n t r i c  i n  p o s i t i o n  and s ta ined d a r k l y  

w i t h  hematoxylin, w i t hou t  d i f f e r e n t i a t i o n  o f  chromatin. The cytoplasm 

o f  t h e  un inuc lear  sporob las ts  was r a t h e r  t h i n a n d  homogenous. 

The next  stage o f  development i s  t h e  b inuc lea te  sporoblast .  Th i s  

stage i s  t h e  product  o f  nuc lea te  d i v i s i o n  w i t h i n  t h e  uninucdeate sporob las t  

(F ig .  15b). I n  t h i s  f i g u r e  t h e  nucleus i s  almost d i v i d e d  i n  t h e  e q u a t o r i a l  

p l  ane. 

The b inuc lea te  sporob las t  stage i s  fo l lowed by a  t r i n u c l e a t e  stage, 

which seems t o  occur r a t h e r  r a r e l y  -due t o  anuneven r a t e  of 

nuc lear  d i v i s i o n .  The most comnonly found stage i s  t h e  sporoblast  con ta in ing  

s i x  o r  more n u c l e i .  

I n  t h e  f i s h  o f  t h e  September sample a young spore was a l s o  found 



F ig .  15: L i g h t  micrograph showing t h e  sporoblasts  o f  t-!yxobolus neurobius. 

Hematoy l  i n and eos i  n. ( x  2500). Note t h e  un inuc lea te  sporobl a s t  

(a )  and t h e  nuc lear  d i v i s i o n  (b )  w i t h i n  sporoblast  r e s u l t i n g  i n  

a  b i  nuc l  eate form. 
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w i t h  two sporoplasm n u c l e i .  Samples f rom October t o  December harboured 

p a r a s i t e s  a t  t h e  stage o f  n u l t i n u c l e a t e  sporoblast ,  as we1 1 as young 

and mature spores. 

The December sample, i n  

a l though some young spores, 

p resen t  i n  t h e  b r a i n  t i s s u e .  

p a r t i c u l a r ,  showed many we1 1  developed 

i n  t h e  f o rm  o f  spher ica l  c e l l s ,  were s t  

spores, 

ill 

I n  s n o l t s  (1+ age group),  t h e  predominant form o f  t h e  ~ a r a s i t e  was 

mature spore. However, even here young spores were s t i l l  found t oge the r  

w i t h  mature ones w i t h i n  t h e  sporob las t  membrane (F ig .  16) .  I n  a d u l t  

f i s h  t h a t  have r e t u r n e d  t o  spawn t h e  mature spores were p resen t  i n  t h e  

b r a i n  t i s s u e ;  t h e r e  was no t r a c e  o f  t h e  younger stages o f  t h e  p a r a s i t e .  

The developr,~ent o f  t h e  spore f rom t h e  sporob las t  stage was f o l l o w e d  by 

exan ina t i on  o f  f r e s h  m a t e r i a l  ob ta ined  f r om smolts.  The e a r l  i e s t  s tage 

i n  t h e  d e v e l o p e n %  o f  t h e  spore i s  a  sphe r i ca l  c e l l .  The f i r s t  c h a r a c t e r i s t i c  

s t r u c t u r e  o f  a  spore t h a t  appeared i n  t h e  course o f  s j o r e  development 

were t h e  va lves.  The two va lves  met a t  t h e  l i n e  o f  t h e  suture,  t h e  s u t u r a l  

l i n e  be ing  c l e a r l y  d i s c e r n i b l e  a t  t h i s  stage. The o r i g i n a l  s p h e r i c a l  

shape o f  t h e  c e l l  changed i n t o  an ovoid.  The second recogn izeab le  f e a t u r e  

of t h e  spore t o  appear were t h e  p o l a r  capsules. They were a t  f i r s t  spher ica l  

and b i r e f r i n g e n t  i n  f r e s h  m a t e r i  a1 exami ned under phase c o n t r a s t  i 11 urnination. 

Wi th  t h e  p rogress  o f  development t h e  sphe r i ca l  shap.e o f  t h e  capsu les  

changed i n t o  p y r i f o r m ,  s lender  necks develop ing a t  t h e  a n t e r i o r  ends 

of t h e  capsules. The development o f  t h e  two capsules d i d  n o t  seem t o  

proceed a t  t h e  same r a t e ;  f r e q u e n t l y  one capsule was more developed 

than  t h e  o the r .  

The o r i g i n  o f  t h e  development o f  t h e  p o l a r  f i l a m e n t  was hard  t o  

observe. However, even a t  t h e  e a r l i e s t  s tage o f  t h e  capsu le 's  development, 

a  round ish  c o n c r e t i o n  was d e t e c t a b l e  w i t h i n  i t  (F ig .  17) .  



F i b .  16: Polysporous sporob las t  o f  Myxobolus neurobius encapsulated 

i n  spo rob las t  membrane. Squash p r e p a r a t i o n  o f  t h e  b r a i n .  

F i g .  17: L i g h t  micrograph showing t h e  p o l a r  f i l a m e n t  (a r row)  i n  t h e  e a r l y  

development o f  p o l a r  capsules. Squash o f  t h e  b r a i n .  ( x  1750) 





Spore shape even a t  t h e  stage when a l l  t h e  a r c h i t e c t u r a l  f e a t u r e s  

o f  t h e  spore have appeared, i s  s t i l l  r a t h e r  ova l  w i t h  a  rounded p o s t e r i o r  

and po in ted  a n t e r i o r  end. The s i z e  o f  young spore was i n v a r i a b l y  l a r g e r  

than  t h a t  o f  t h e  n a t u r e  one. The main c h a r a c t e r i s t i c  of t h e  young spore, 

o t h e r  than  i t s  s i z e  and opac i ty ,  was t h e  presence o f  two n u c l e i  i n  i t s  

sporopl  asn. As t h e  spore begins t o  n a t u r e  i t s  shape becomes more d e f i n i t e l y  

o v i f o r m  and i t s  s i z e  d imin ishes.  A t  t h a t  stage o n l y  one nuc leus remains 

i n  i t s  sporoplasm. 

The number o f  spores produced by sporob las ts  v a r i e s  from one t o  

many. The number of spores t h a t  i s  go ing  t o  be produced by any spo rob las i  

can n o t  be p r e d i c t e d  w i t h  c e r t a i n t y .  I t  seems t h a t  t h e  d isporous  and 

polysporous spo rob las t s  produce more than  one spore due t o  t h e . c o n t i n u i n g  

d i  v i  s i o n  o f  t h e i r  n u c l e i  w i t h i n  a  s i n g l e  sporobl  a s t  rnmbrane (Appendix 

VIA).  The f i s h  sznpled as l a t e  as t h e  smol t stage con ta ined  p a r a s i t e s  

i n  which t h e  spo rob las t  menbrane s t i l l  pe rs i s t ed ,  a t  l e a s t  i n  t h e  f r e s h  

m a t e r i a l .  T h i s  was p a r t i c u l a r l y  ev iden t ,  when t h e  menbrane con ta ined  

spore t h a t  was s t i  11 immature. Becoming g r a d u a l l y  d is tended w i t h  f u l  l y  

n a t u r e  spores, t h e  menbrane d i s i n t e g r a t e d  as soon as t h e  m a t e r i a l  was 

p laced  on a s l i d e .  T h i s  t ype  o f  spore aggregat ion con ta ined  i n  an envelop ing 

membrane was never  found i n  f r e s h  p repa ra t i ons  o f  a d u l t  saJmon. h'et 

mount p repa ra t i ons  f r o m  t h e  f i s h  o f  t h i s  age con ta ined  spore t h a t  were 

n o t  encapsulated by  a sporob las t  membrane. None t h e  l ess ,  t h e  spores 

appear t o  remain permanent ly a t  t h e  s i t e  o f  t h e  l e s i o n ,  s i n c e  no spores 

were found i n  organs o t h e r  than t h e  b r a i n  and s? ina l  cord.  

B. THE SPORE AS AN INFECTIVE AGENT 

The spore i s  a  c e n t r a l  f e a t u r e  o f  t h e  l i f e  c y c l e  i n s o f a r  as i t  has 
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a  we l l  de f ined s t ruc ture ,  i t  e x i s t s  i n  t he  host f o r  several months and 

probably e x i s t s  i n  t h e  water fo r  a  v a r i a b l e  t ime. The a b i l i t y  o f  t h e  

spore t o  r e s i s t  ex terna l  f a c t o r s  i n  t h e  b r a i n  t i s s u e  and i n  t h e  water, 

and t o  remain v i a b l e  so as t o  f a c i l i t a t e  t ransmiss ion i s  o f  spec ia l  i n t e r e s t .  

Furthermore, t h e r e  has been much con jec ture  as t o  whether t h e  spores 

must rece i ve  an ex terna l  s t imulus be fore  i t  w i l l  i n i t i a t e  a  new in fec t i on .  

It cou ld  be determined whether t h e  spore was a1 i v e  o r  n o t  by i t s  

appearance and by i t s  a b i l i t y  t o  ext rude the  po la r  f i laments .  The f r e s h  

spore o f  - M. neurobi us was b i  r e f r i  ngent under phase c o n t r a s t  i 11 umi nat ion, 

e s p e c i a l l y  a t  i t s  a n t e r i o r  end where t h e  po la r  capsules are  located,  

bu t  a lso  a t  i t s  va lves and around t h e  per iphery o f  t he  sporoplasn. However, 

t h e  appearance o f  t he  spores was s i m i l a r  a f t e r  they had been f i x e d  i n  

70% alcohol  f o r  2 months. Consequently, i t  was impossib le t o  d i s t i ngu i shed  

between f r e s h  and f i x e d  mater ia l  under phase con t ras t  i l l u m i n a t i o n .  

The mat te r  was d i f f e r e n t ,  when t h e  f luorescence microscope was used. 

Fresh spores viewed under f luorescence i l l u m i n a t i o n  were c o n s i s t e n t l y  

dark green, a f t e r  being s ta ined i n  a c r i d i n e  orange. On t h e  o the r  hand, 

f i x e d  spores examined i n  t h e  same way were r a t h e r  i n c o n s i s t e n t  i n  appearance. 

Examination o f  40 f i x e d  spores revea led  t h a t  a1 1  o f  them had green-orange 

sporoplasm and p o l a r  capsules; however, on l y  43% o f  spores, had gr.een- 

orange valves. The remaining spores (57%) had green valves. 

Ne i ther  f r e s h  nor  f i x e d  spores conta ined any observable i nc lus ions .  

!hen f resh  spores were t r e a t e d  w i t h  1.5 - 2.0% XOH, 90 out  o f  100 spores 

extruded t h e i r  f i l amen ts .  ;/hen t h e  sane treatment was g iven t o  f i x e d  

spores, no e x t r u s i o n  was observed. 

As mentioned e a r l i e r ,  some spores were subjected t o  ageingand t h e  

c o n d i t i o n  o f  such spores i s  summarized i n  Table 9 and 10. 
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The e f f e c t  o f a g e i n g c o u l d  be observed under phase con t ras t  i l l u m i n a t i o n  

as e a r l y  as 30 days from t h e  beginning o f  theage ingprocess  because some 

of t h e  spores (1  0%) appeared opaque. They conta ined numerous b a c t e r i a  

and i nc lus ions .  Bac te r i a l  c e l l s  were a lso  found on t h e i r  surfaces. 

Some p a r t s  o f  t h e  valves were swollen, presumably due t o  the  a c t i o n  of 

bac te r i a .  However, even a f t e r  131 days o f  aging, 87% o f  spores s t i l l  

appeared normal. \!hen aged i n  the  mud, however, 75% o f  spores were normal 

a f t e r  109 days. When both types o f  spores were examined under t h e  f luorescence 

microscope, i t  was found t h a t  81% o f  spores aged w i thout  mud were dark 

green, and 76% o f  those aged i n  t h e  mud had t h e  same co lour .  

Some changes were found a lso  i n  t h e  p r o p o r t i o n  o f  t he  spores t h a t  

had r e t a i n e d  t h e i r  a b i l i t y  t o  ext rude p o l a r  f i l amen ts .  The e x t r u s i o n  

o f  p o l a r  f i l amen ts  was poss ib le  f o r  78-88% o f  spores aged w i thou t  mud, 

and f o r  73-83% spores aged w i t h  mud. The movement o f  t he  sporoplasm 

i n s i d e  t h e  spore was never seen i n  spore subjected t o  ageing,the p o s i t i o n  

o f  t h e  sporoplasm remained the  sane as t h a t  i n  f r e s h  spores. They s t i l l  

r e t a i n e d  t h e i r  contact  w i t h  the  po la r  capsules and w i t h  t h e  va lve  w a l l s  

of t h e  s9ore. The appearance o f  t h e  aged spores under t h e  f luorescence 

microscope was the  saoe as t h a t  o f  f r e s h  spores. Only dead spores o f  

t h e  two groups cou ld  be d is t ingu ished f rom one another, those o f . t h e  

aged group being heav i l y  i n f i l t r a t e d  by b a c t e r i a  t h a t  wer? absent from 

t h e  f r e s h  ma te r ia l .  

The Feulgen-posi t ive substances i n  f r e s h  spores o f  - 11. neurobius 

were genera l l y  found i n s i d e  t h e  po la r  capsules and i n  t h e  sporoplasm. 

I n  t h e  p o l a r  capsules these substances were v i s i b l e  along t h e  i n f l e c t i o n s  

o f  t h e  p o l a r  f i l amen ts .  The f i l amen t  and p o l a r  caps themselves were 

o n l y  f a i n t l y  s ta ined.  I n  t h e  sporoplase, these substances were sca l te r2d  
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i n  t h e  fo rm o f  granules. The iod inoph i  lous  vacuole was of ten present  

as a ho l l ow  rounded s t ruc tu re  w i t h  f a i n t  co lou r  along i t s  borders. The 

s h e l l  va lves were a lso  on ly  f a i n t l y  s ta ined.  

F i g .  18 (A,B,C) i s  a composite i l l u s t r a t i o n  o f  t he  d i s t r i b u t i o n  

o f  Feu lgen-pos i t i ve  substances, based on t h e  examination of 30 spores. 

F ig .  18A shows t h e  d i s t r i b u t i o n  o f  these substances i n  about 60% of t h e  

examined spores. The prominent accunlulation o f  these substances occurs 

i n  t h e  p o l a r  capsules, along w i t h  t h e  i n f l e c t i o n s  o f  t h e  c o i l e d p o l a r  

f i l amen ts .  The sporoplasm o f  these spores conta ined va r ied  amounts of 

these substances, from weak t o  s t rong accumulations. The i od inoph i l ous  

vacuole i n  these spores appeared c o n s i s t e n t l y  as a hol low, f a i n t l y  s ta ined 

sphere. F ig .  18B shows these substances i n  20% o f  spores examined. 

The p a t t e r n  o f  d i s t r i b u t i o n  was s i m i l a r  t o  t h a t  shown i n  F ig .  18A, bu t  

t h e  i od inoph i l ous  vacuole was absent. The p a t t e r n  i n  t h e  remaining 20% 

o f  t h e  spores i s  shown i n  F ig .  18C. These spores were o n l y  f a i n t l y  stained, 

both i n  t h e  p o l a r  capsules and i n  t h e  sporoplasm. 

The appearance o f  the  aged spores t r e a t e d  by t h e  Feulgen technique 

was s i m i l a r  t o  t h a t  o f  the  f r e s h  spores. It i s  summarized i n  Table 11. 

As Table 11 makes c lea r ,  t h e  t h r e e  types o f  d i s t r i b u t i o n  o f  Feulgen 

p o s i t i v e  substances t h a t  occurred i n  t h e  f r e s h  spores, are present a l so  

i n  t h e  aged spores. The propor t ions  o f  t h e  t h r e e  types are, however, 

d i f f e r e n t .  The d i f f e rences  are p a r t i c u l a r l y  extensive i n  spores aged 

f o r  121 days. I n  these spores no d i s t r i b u t i o n  type A was present  and 

type C was more common. I n  the  sample o f  these spores one remained 

complete ly  unsta ined and was obv ious ly  dead. I t  d i d  n o t  appear t o  have 

t h e  p o l a r  f i l a m e n t  l e f t .  



Fig. 18: A diagrammatic representation of three different  spores types 

of Myxobol us neurobi us classif ied according t o  distribution 

of Feulgen positive substances. (Composite drawing, not t o  

scale.  ) 

A: Spores with a consistently proninent accumulation of Fzulgen 

positive substances in polar capsules, b u t  a weak or strong 

accumulation of Feulgen positive substances in the  sporoplasm 

1 eavi ng a consi s tent  c lear  i odi nophi 1 i c vacuole. 

3 .  Spores with well stained polar capsules b u t  without a d is t inc t  

iodino?hilic vacuole. 

C .  Spores of fa in t ly  stained. 
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C. TRANSMISSION OF MYXOBOLUS NEUROBIUS 

1 .  Temporal coordination between the l i f e  cycle of - Z. neurobius 

and that  of i t s  host in nature. 

;4ost of the information needed t o  elucidate the transmission problem 

was obtained form the examination of the l i f e  cycle of - ?I. neurobius in 

nature and from a ser ies  of experiments. Most of the remining gaps 

in our knowledge were f i l l e d  with the help of T.  Gjernes (1982, personal 

communication) on the l i f e  cycle and habits of sockeye saloon in Sproat 

Lake. A diagram of the probable cycle of - Pi. neurobius, constructed from 

ea r l i e r  known data and that  derived from the present study, i s  shown 

in Fig. 19. 

Stage 3 of the paras i te ' s  cycle was obsa-vod in August. This was 

the ea r l i e s t  developmental stage found in the course of th i s  study. 

It i s  represented by multinucleate trophozoites i n  the brain and meninx 

primitiva capi l la r ies  of 4 months old sockeye salraon in early August. 

Due to  lack of naterial  from the nonths preceding August, the ea r l i e r  

stages of the cycle were not d i r ec t ly  observed. From the information 

provided by T .  Gjernes, i t  i s  known tha t  the eggs of sockeye salmon hatch 

in March and April and the alevins,  a f t e r  several weeks in the gravel, 

during which they are nourished by the i r  s tore  of yolk, emerge in the 

f i r s t  week of May. Their i n i t i a l  d i e t  consists of microscopic organisms, 

b u t  they change eventually t o  feeding on larger organisms or par t ic les ,  

such as insect larvae and adults,  and worms. As suggested by stage 2 

Fig. 19, i t  i s  l ikely that a t  t h i s  stage the young f i sh  swallow the spores 

released by ( i  ) recently dead spawners, or ( i  i  ) s7awners of the previous 

season or ( i i i )  smolts thct  were infected previously and died while residing 

in the lake. I t  should be stressed that  t h i s  suggestion i s  conjectural, 



Fig .  19: A diagrammatic representa t ion  o f  a probable l i f e  c y c l e  o f  

Myxobolus neurobius. (The stages o f  t h e  l i f e  c y c l e  t h a t  were ' 

- 

. observed i n  the  course o f  t h i s  s tudy are i nd i ca ted  by s o l i d  

l i n e s .  Those o u t l i n e d  i n  i n t e r r u p t e d  l i n e s  are  c o n j e c t u r a l ) .  

September-November. Spawning season o f  host, sockeye 

salmon (Oncorhynchus nerka)  . 
November-April. Decomposition o f  dead spawners and re lease 

o f  t he  spores i n t o  t h e  environment. 

March-Apri l .  Hatching o f  t he  sockeye salmon. 

Hay, June, Ju ly ,  a p e r i o d  du r ing  which spores a re  probably 

p icked up by t h e  sockeye salmon. 

August. Schizogony developmental phase o f  - M. neurobius. 

Mu1 t i  nucleate t rophozo i  t e s  i n  t h e  capi 11 a r i e s  o f  t h e  b ra in .  

September. Sporogony developmental phase o f  - M. neurobius 

i n  t he  b r a i n  t i s s u e  o f  sockeye salmon ( f o r e b r a i n  excepted). 

October-November. Matura t ion  o f  spores i n  t h e  b r a i n  t i ssue .  

December. Immature and mature spores i n  t he  b r a i n  t i ssue .  

May. Immature and mature spores i n  t h e  b r a i n  t i s s u e  o f  t h e  

f i s h  caught d u r i n g  i t s  seaward migra t ion .  

F i s h  w i t h  mature spores du r ing  i t s  sea l i f e .  

I n fec ted  f i s h  c o n t a i n i n g  mature and immature spores 

res iden t  i n  t h e  l a k e  i n  t h e  second year  o f  t h e i r  l i f e .  

Spores re leased by  smol ts  dy ing du r ing  t h e i r  residence 

i n  t he  lake.  



SEA L I F E  
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s ince f i s h  a t  t h a t  stage o f  t he  l i f e  c y c l e  were no t  a v a i l a b l e  f o r  examination. 

However, experimental  evidence shows t h a t  t h e  f i s h  swal low t h e  spores 

when placed i n  a  spore suspension. It i s  q u i t e  poss ib le  t h a t  s i m i l a r  

events can take  p lace i n  the  n a t u r a l  environment, soon a f t e r  t h e  f i s h  

emerge f rom t h e  gravel,  i .e. i n  Nay o r  between May and Ju ly .  The i nges t i on  

i s  fo l lowed by t h e  ex t rus ion  o f  t h e  p o l a r  f i l amen ts  i n  t h e  i n t e s t i n e ,  

t h e  opening o f  t h e  she l l  valves and t h e  emergence o f  t h e  sporoplasn. 

The sporoplasm, having abandoned t h e  spore, makes i t s  way t o  t h e  s i t e  

o f  i n f e c t i o n ,  t h e  cen t ra l  nervous system, v i a  t h e  bloodstream. It i s  

h i g h l y  probable t h a t  the  sporopl asm grows, t h e  n u c l e i  d i v i d e  con t i nua l l y ,  

du r ing  t h e i r  t r a n s i t  i n  the  lumen o f  t h e  blood vessels. I t  i s  i n  t h a t  

form t h a t  they  were located i n  t h e  b lood vessels o f  t h e  meninx p r i n i t i v a .  

The sporoplasm, t o  which the  name t rophozo i te  n i g h t  be app l ied  a t  t h i s  

stage, reaches t h e  b r a i n  i n  t h e  form o f  a  i nu l t i nuc lea te  t rophozo i te  

(s tage 3, F ig .  19). I t  i s  a t  t h i s  s tage t h a t  was found i n  t h e  c a p i l l a r i e s  

o f  b ra in .  Hence, from what has been s a i d  above i t  can be i n f e r r e d  t h a t  

t h i s  mu1 t i n u c l e a t e  stage 1  asts f o r  2-3 months. 

A t  t h i s  t ime,  two o ther  generat ions o f f i s h  reside i n  t h e  lake. 

They are t h e  spawners t h a t  have re tu rned  t o  t h e  l a k e  e a r l y  and smolts 

born du r ing  t h e  previous season t h a t  d i d  n o t  migra te  du r ing  t h e i r  f i r s t  
- .  

year- o f  l i f e .  A l l  these f i s h  might  be sources o f  spores f o r  t h e  new 

i n f e c t i o n ,  cont inuous ly  adding t o  the  r e s e r v o i r  o f  i n f e c t i v e  ma te r ia l  

i n  t he  lake.  

Stage 4, l a t e  September. The f i s h  were then 5-6 months o ld .  P>lost 

o f  t h e  i n f e c t e d  f i s h  by t h i s  t ime  c a r r y  t h e  p a r a s i t e  i n  t h e  b r a i n  t i s s u e  

(except f o reb ra in )  r a t h e r  than i n  t h e  b lood vessels. Only one f i s h  of 

t h e  30 examined c a r r i e d  mu l t i nuc lea te  t rophozoi  t e s  i n  i t s  b r a i n  capi 11 ar ies .  



-65- 

The parasite had by now advanced morphologically t o  the so-called sporogony 

stage. Both uninucleate and nultinucleate sporoblasts occur in the brain 

t issue.  I t  should be noted tha t  a t  t h i s  stage the parasite does not 

occur in the forebrain. This i s  i n  marked contrast  with the preceding 

stage. A t  t h i s  time of the year the environnent i s  very l ikely t o  contain 

many f ree  spores that have beer; released by the e a r l i e s t  spawners. 

Stage 5, October-Novmber. By th i s  tirne the f i sh  i s  about 7-8 nonths 

old and the parasite i s  mainly a t  the spore stage, although so;ae sporoblasts 

are s t i l l  present. Innature and maturing spores were found together 

in the brain t issue. A t  t h i s  t i ne ,  the l a t e  spawners were s t i l l  present 

in the 1 ake and could be expected Lo release more spores into the water 

a f te r  they die. 

Stage 6 ,  December. The f i sh  are about 9 months old and -the young 

and nature spores become more abundant during t h i s  month. The nultinucleate 

sporobl a s t s  are rare. 

Stage 7, Fig. 19, shows the condition of the parasite caught during 

i t s  seaward migration in May. This f i sh  i s  about 1+ year old. The f i sh  

sampled a t  t h i s  stage did not belong t o  the generation in which a l l  the 

ea r l i e r  stages were found. However, i t  can be taken as representative 

of the usual l i f e  cycle stage occurring a t  tha t  time of i$e year.. I t  

belongs t o  the sane population (Sgroat Lake) and, as f a r  as known, the 

l i f e  cycles o f  the sockeye salmon of t h i s  lake are  aloost perfectly cyclical 

in t i n e  and events. Consequently, t h i s  f i sh  can be taken as representative 

of the noraal s i tuat ion,  as well as nornal condition of - :.I. neurobius 

a t .  t h i s  stage. !3y now, no nore sporobl cs t s  are present. The innature 

spores, however, are s t i l l  encountered. The main character is t ic  feature 

of the parasite a t  t h i s  stage i s  the presence of polysporous and even 



nonosporous sporoblasts  when examined i n  f r e s h  mounts. 

Stage 8, F i g .  19, shows t h e  c o n d i t i o n  o f  t h e  p a r a s i t e  d u r i n g  t h e  

sea l i f e  o f  i t s  host.  The hos t  was no t  examined a t  any stacje d u r i n g  

i t s  l i f e  i n  t h e  sea. However, sockeye salmon were examined soon a f t e r  

t h e i r  r e t u r n  t o  t h e  f resh  water h a b i t a t  t o  spawn. A t  t h i s  stage, t h e  

spores found i n  t h e  b r a i n  t i s s u e  were no longer  surrounded by t h e  sporoblast  

membrane. Snear preparat ions made f rom t h e  m a t e r i a l  c o l l e c t e d  a t  t h i s  

t ime  con.?ai n spores spread i n d i v i d u a l  l y  throughout  t h e  sample, i n  con t ras t  

t o  smears made f rom the  t i s s u e s  o f  b r a i n  sockeye s n o l t s  i n  which nos t  

o f  t h e  spores were s t i l l  surrounded by t h e  membrane and d i d  no t  spread 

f r e e l y .  There were no immature spores, normal ly  recognizeable by t h e i r  

opaque ap?earance and b igger  s ize .  I t  appears t h a t  a l l  s?ores,were completely 

nature.  

Stages 9 and 10, F ig.  19, i l l u s t r a t e  t h e  events presumably occu r r i ng  

a t  t h e  t ime  when t h e  young salaon l i v e  i n  t h e  l a k e  o r  i n  i t s  t r i b u t a r y  

streams be fo re  they  reach t h e  age o f  1+ and 2+. Stage 9 r e f e r s  t o  spores 

t h a t  have matured and remained i n  s n o l t s  t h a t  have no t  migra ted  a t  t h e  

end o f  t h e  t h e i r  f i r s t  year  o f  l i f e  b u t  s tayed i n  t h e  lake .  Stage 10 

represents spores re leased i n t o  t h e  1 ake by s n o l t s  t h a t  have d i e d  a t  

some stage d u r i n g  t h e i r  res idence i n  t h e  lake .  They c o n s t i t u t e  a r e s e r v o i r  

o f  i n f e c t i o n .  

2. Experimental  evidence c o r r o b o r a t i n g  observa t ions  i n  t h e  na tu ra l  

h a b i t a t  

( i ) Experiment 1 

The d u r a t i o n  o f  t h i s  experi ixent was 8 months and i t  was concluded 

i n  l larch, 1981. However, f o u r  f i s h  ( two f r o n  Treatment 3 batch, and 

two f r o n  Cont ro l  ) were kept  f o r  10 months, and another 1 f i s h  f rom Treatment 
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3 batch ( rep1 i c a t e  tank)  was r e t a i n e d  f o r  18 months. 

During t h e  course o f  t h e  experiment, t h r e e  f i s h  f r o n  Treatment 3 

batches d ied  as the  r e s u l t  o f  fungal  i n f e c t i o n .  Deaths occurred one 

and two months post i n f e c t i o n .  To prevent f u r t h e r  losses, t h e  water 

supply was changed t o  sea water.  No nore funga l  i n f e c t i o n s  were observed. 

The f i s h  were heal thy and responded a c t i v e l y  t o  food. 

A d e t a i l e d  account o f  t h e  r e s u l t s  o f  f i s h  examinat ion du r ing  t h e  

course o f  t h e  experiment i s  t abu la ted  i n  Appendix 11. Both f r e s h  t i ssues  

as w e l l  as f i x e d  and s ta ined  t i ssues  were examined. During t h e  f i r s t  

4 months, no pa ras i te  was d iscovered as a r e s u l t  o f  these examinations. 

The blood, i n t e s t i n e  and b r a i n  t i s s u e  were a l l  f r e e  f rom - M. neurobius. 

I n  December 1980, 5 months post  i n f e c t i o n  c e l l s  bel ieved. t o  be sporo- 

b l a s t s  o f  - 14. neurobius (Appendix V I B )  were observed i n  b r a i n  t i s s u e ,  

on s l i d e s  f r o n  two f i s h  each i n j e c t e d  w i t h  28,000 spores (Treatment 2 ) .  

The s l i d e s  had been s ta ined  w i t h  methylene b lue  and eosin.  Only one 

sporoblast  was found on a s i n g l e  s l i d e  ( o u t  o f  f i v e  examined) f r o n  each 

o f  two f i s h .  Other sanples were p a r a s i t e  f r e e .  The two sporoblasts 

conta ined s i x  and seven n u c l e i  respec t i ve l y .  The sporoblasts cy top lasn  

s ta ined  d a r k l y  w i t h  eosin, whereas t h e  n u c l e i  s ta ined  f a i n t l y .  The 

n u c l e o l i  were d i s t i n c t l y  v i s i b l e ,  and were c e n t r a l l y  located.  The sporobl asts 

were subspherical  and measured 10.3 um i n  diameter.  

As the  r e s u l t  o f  these f ind ings,  and on t h e  suggest ion o f  Dr. W .  Boyce 

( 1  981, personal coaounicat ion)  , f u r t h e r  examinat ion o f  t he  f i s h  was delayed 

t o  g i v e  more t i n e  f o r  t h e  sporoblasts t o  develop i n t o  spores. Exaninat ion 

o f  t h e  f i s h  was resuned i n  February, 1981. However, no f u r t h e r  evidence 

o f  t h e  p a r a s i t e  was found i n  e i t h e r  February o r  March 1981, by which t ime 

t h e  sample was f i n i shed ,  and t h e  expe r i r xn t  conpl eted. Sone f i  shy however 
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were re ta ined  (two f r o n  Treatitlent 3, one f r o n  i t s  rep1 i c a t e  2nd two f r o n  

t h e  Contro l  group). These f i s h  were exani ned i n  Hay 1981 and January 

1982. 

I n  May 1981, f o u r  f i s h  (two t r e a t e d  and two c o n t r o l s )  rrere exarni ned 

f r e s h  i n  squash and smear preparat ions.  One o f  t h e  t r e a t e d  f i s h  was found 

t o  c a r r y  a pansporobl as t  conta in ing  developing spores (F ig.  20). The 

pansporobl as t  was 14.24 urn i n  d i  m e t e r  and almost spher ica l .  A t  1 east  

t h r e e  spores cou ld  be d i s t i ngu i shed  i n s i d e  t h e  pans?oroblast, arranged 

i n  ~ a r a l  l e l ,  i n  a "head-to-toe" conFigur&ion. Ne i ther  t h e  a t h e r  t r e a t e d  

f i sh nor  t h e  c o n t r o l  f i sh contained any pzns?orobl as-ts. 

The l a s t  f i s h  f r o a  t h e  Treatnent 3 ba tch  was exanined 

1952, 18 nontns post i n feck ion .  140 developnental  stage of 

was found. 

( i i )  Experiment I1 

As mentioned i n  t h e  sec t i on  on n a t e r i a l s  and neSiods t h i s  experiment 

\,as conducted i n  beakers. F i sh  were kept  f o r  8 days be fore  being t r a n s f e r r e d  

t o  ho ld ing  tanks and du r ing  t h i s  per iod,  t e n  f i s h  f r o n  t h e  Treatment 4 

batch died, 2 days a f t e r  i n i - t i  a.5iiig -the adn-i n i  s t r a t i  on o f  t he  spores. 

The dead f i s h  were replaced by a n w  batch. On t h e  s i x t h  day, m o t h e r  

f ou r teen  f i s h  f r o 3  var ious  beakers died. The f i s h  w r e  we& and s o w  

o f  them d ied  du r ing  t r a n s f e r  t o  t h e  h o l d i n g  tznk .  A d e t a i l 2 d  account 

o f  exaninat ion dates and "Le f a t a l  i t y  dates du r ing  t h e  10 months o f  t h e  

experinen-t ' s du ra t i on  i s  tabu1 ated i n  Appendix I I I .  

Exaninat ion o f  t h e  t e n  f i s h  t h a t  d i e d  2 days cfter havin: been placed 

i n  t h e  spore suspension revealed t h 2 t  50% ( 5  out  o f  10) o f  them contained 

spores i n  t h e  i n t e s t i n e .  O f  t he  s i x  f i s h  t h z t  had ing3sted silores, f i v e  

d i d  no t  conta in  s2ores w i t h  extrudeti p o l a r  i ' i l aza-Ls ;  t h e  s i x t h  f i s h  d i d  



F ig .  20: Pansporobl as'; o f  ivlyxobol us neurob i  us contsi i  n i  ng d e w 1  op-? ng 

s>oiqes ( sp )  i n  t h e  b r a i n  t i s s u e  o f  an e x i m m i n e n t a l l y  i n f e c t e d  

f i s h  a t  10 nonths pos t  i n f e c t i o n .  ( x  1750) 
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contain such spores. The total  number of spores ingested by each f i sh  

was not determined. However, the f i s h  tha t  contained spores with extruded 

filaments, had four out of ten spores in t h i s  condition, in a single f i e l d  

of vision. 

The appearance of the ingested spores was closely similar t o  that  

of f ree,  l ive spores. The birefringent appearance of the polar capsules 

and valves of the ingested spores was re'tained. F'iigration of the sporoplasn 

from the spore t o ,  and through, the in tes t ina l  wall was not detected. Further- 

more, no movement of the sporoplasn within the spores was observed. 

Of the fourteen f i sh  that  died 6 days a f t e r  being placed in beakers 

only two contained spores in the i r  in tes t ines  and the polar f i  l a ~ e n t s  

of the spores were extruded. These f i s h  had been exposed to  the suspens 

of spores aged without mud, Treatment 4. 

Examination of the stomach of both sangles fai led t o  disclose any 

spores. 

This experinen2 took 10 i,~onths. The f i sh  were examined a t  regular 

monthly intervals ,  both fresh and stained. Up t o  73 days post infection 

no Ilyxo$olus a t  any stage of develo?aent was found. This applied a1 so 

t o  the brain t i s sue  and the brain capi 1 l a r i e s .  

Y 

ion 

On !'lay 25, 1981, 84 dzys post infection seven f i sh exposed t o  suspension 

of fresh spores (Treatment 2 )  died in one of the tanks. Examination on 

squash and snear preparations of t k i r  t i ssues  showed that  four of then 

contained various structures resenbl i rig ::i~,::asporean sporobl asts .  The 

ident i ty  of these s t r x t u r e s  could not be c!eterrnined with absolute certainty,  

since no we1 1 defined spores accompanied them. One f i sh ,  however, carried 

an elongate body with a very d i s t inc t  outer membrane and containing other 

ce l lu l a r  organelles (Fig. 21). This s t ructure was the only of i t s  type 
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found i n  the  course o f  t h i s  experiment. It, too, was n o t  acconpanied 

by and d i d  n o t  con ta in  spores. 

I n  t he  course o f  f u r t h e r  examinat ion o f  monthly samples no more e a r l y  

spore stages o f  - 14. neurobius were found up t o  August 31, 1381. On t h a t  

da te  an unforeseen d is turbance o f  t h e  water supply, caused death o f  most 

f i s h  i n  f o u r  experimental tanks. Only two f i s h  o f  Treatnent 3 ?x?eriment 

surv ived.  Thereaf ter ,  observat ions were concentrated on examining f i s h  

o f  t h e  Treatment 2 experiment (exposed t o  f r e s h  spores). 

The f i s h  t h a t  d ied  due t o  t h e  i n t e r r u p t i o n  o f  t h e i r  water supply 

conta ined no spores o r  e a r l y  developmental stages o f  t h e  pa ras i te .  

I n  September 1981, 6 months pos t  i n f e c t i o n ,  one o f  t h e  two f i s h  

exanined i n  a r o u t i n e  aonth ly  sample conta ined young spores w i t h  d i s t i n c t  

p o l a r  capsules (F ig .  22). The young sporeswererounded and c o n t a i n e d  

two rounded p o l a r  capsules each. Four such spores, each 14.24 urn i n  

diameter, were found on one s l i d e  and a l l  a t  a s i m i l a r  stage o f  d e v e l o p ~ e n t .  

Mo aature  spores were found on t h a t  s l i d e .  This  was t h e  on ly  observai ion 

o f  developing spores. Fur ther  examinat ion o f  samples up t o  t h e  end o f  

t h e  experiment i n  January 1982 were negat ive.  

( i i i )  Experiment 111. 

This experiment l a s t e d  7 months and no pa ras i tes  were found (see 

Appendix IV )  . 
( i v )  Experiment I V .  

Th is  experiment 1 asted 4 nonths, ending i n  January 1382 (see Ap?endix V). 

Only one o f  a l l  f i s h  i n j e c t e d  w i t h  t h e  spores developed an i n f e c t i o n .  

The f i s h  was g iven a dose o f  85,000 spores t h a t  had been r e f r i g e r a t e d  

f o r  5 months. The i n f e c t i o n  was found i n  December 19C2, t h ree  months 

pos t  i n f e c t i o n .  The paras i te ,  l oca ted  i n  t h e  b r a i n  t i s s u e  o f  t h e  f i sh ,  



F i g .  21 : Pansporoblast  o f  I\lyxobolus neurobius i n  t h e  b r a i n  t i s s u e  o f  

an exper imenta l  l y  i n f e c t e d  f i s h  a t .  84 days pos t  i n f e c t i o n .  

( x '  2000) 

F i g .  22: Young spore o f  L!yxobolus neurobius i n  t h e  b r a i n  t i s s u e  o f  an 

expe r imen ta l l y  i n f e c t e d  f i s h  a t  6 months pos t  i n f e c t i o n .  

Hematoxy l in  and eos in .  ( x  2500) 

pc = p o l a r  capsule 
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was a t  t h e  sporob las t  stage. The sporobl  a s t  conta ined f i v e  c e l l s  

(Appendix VIC) was subc i r cu la r  and was 24.64 x 26.72 ua i n  s ize .  The i d e n t i t y  

o f  t h e  c e l l s  w i t h i n  t h e  sporob las t  c o u l d  no t  be determined, due t o  t h e  

e a r l y  stage o f  t h e i r  development and a r e 1  a t i v e l y  low degree o f  d e f i n i t i o n .  

Only one sporob las t  was found i n  an examinat ion o f  f i v e  s l i d e s  w i t h  s e r i a l  

sec t ions  o f  t h e  head c u t  a t  8 urn. 

D. DISTRIBUTION AND PATHOGENICITY 

1. P a r a s i t e  d i s t r i b u t i o n  i n  t h e  b r a i n  

As s t a t e d  e a r l i e r ,  t h e  schizogony and sporogony phases o f  - M. neurobius 

devel opnent are s p a t i  a1 l y  and c h r o n o l o g i c a l l y  separated f rom each o ther .  

The former occurs i n  t he  c a p i l l a r i e s  o f  t h e  b r a i n  and sp ina l  cord, b u t  

t h e  l a t t e r  occurs i n  t h e  t i s s u e s  o f  these p a r t s  o f  t h e  c e n t r a l  nervous 

system. As w e l l  as being separated i n  t h i s  manner, these two phases o f  

development a re  no t  d i s t r i b u t e d  i n  t h e  b r a i n  i n  t h e  sane way. Schizogony 

occurs i n  t h e  c a p i l l a r i e s  throughout  t h e  b r a i n  and sp ina l  cord. Sporogony, 

however, was r e s t r i c t e d  t o  t i s s u e s  o f  t h e  midbrain, h indb ra in  and sp ina l  

cord. The f o r e b r a i n  was comple te ly  f r e e  o f  spores, a l though spores were 

found i n  t h e  o p t i c  nerves and even i n  t h e  nerve f i b r e s  w i t h i n  t h e  eyeba l l .  

The d e t a i l s  o f  t h e  d i s t r i b u t i o n  o f  - 14. neurobius i n  t h e  b r a i n  o f  underyear l ing  

and a d u l t  sockeye salmon are shown i n  Table 12. 

O f  t h e  f i s h  c a r r y i n g  - 14. neurobius a t  t h e  schizogony phase o f  development, 

17.39% conta ined i t  i n  t h e  fo reb ra in .  I t s  prevalence i n  mid- and h ind-  

b ra in ,  i n  con t ras t ,  was 45.65%. Thus, t h e r e  i s  a d i f f e r e n c e  i n  t h e  prevalence 

o f  i n f e c t i o n  i n  d i f f e r e n t  p a r t s  o f  t h e  b ra in .  The d i f f e r e n c e  becomes 

more pronounced a t  t h e  sporogony phase which i s  complete ly  absent f rom 

t h e  fo reb ra in ,  whereas 73.33-100% o f  f i s h  examined conta ined i t  i n  t h e  



mi d- and h i  nd-bra i  n. 

As w i t h  many protozoans i t  i s  very d i f f i c u l t  t o  est imate t h e  i n t e n s i t y  

o f  i n f e c t i o n  o f  - M. neurobius. I t i s  more d i f f i c u l t  w i t h  t h i s  b r a i n  p a r a s i t e  

because i t  does no t  produce c y s t s  w i t h i n  t h e  t i ssue .  F igures 23A and 

23B i l l u s t r a t e  semid iagrannat ica l l y  t h e  l o n g i t u d i n a l  and t ransverse sec t ions  

of a h i g h l y  i n f e c t e d  b r a i n  and show the  p a t t e r n  o f  spore d i s t r i b u t i o n  

i n  t h e  b ra in .  The spores are  no t  evenly d i s t r i b u t e d  (F ig.  23A). I n  

d iencephalon t h e  spores are  concentrated i n  areas between the  lobus i n f e r i o r  

and v a l v u l l a  c e r e b e l l i ,  b u t  spores are  scarce w i t h i n  t h e  v a l v u l l a  c e r e b e l l i  

and i n  lobus i n f e r i o r  themselves. Only few spores were found w i t h i n  

mesencephalon. No spores were found i n  t h e  saccus vasculosus. 

The p a t t e r n  o f  spore d i s t r i b u t i o n  i n  t h e  netencephalon f o l l o w s  t h a t  

o f  t h e  midbra in  where the  spores are no t  evenly d i s t r i b u t e d .  , They 

a r e  r a r e  i n  t h a t  p a r t  o f  t h e  b r a i n  and do n o t  occur i n  a l l  i t s  regions.  

The o n l y  p a r t  o f  netencephalon i n  which t h e  spores are found i s  w i t h i n  

t h e  granu lar  1 ayer o f  t he  metencephalon. The i r  d i s t r i b u t i o n  the re  c l o s e l y  

f o l l o w s  t h e  l i n e  o f  corpus c e r e b e l l i  g ranu lar  l a y e r .  

The dens i t y  o f  t h e  groups o f  spores i n  t h e  myelencephalon (F ig .  23A) 

i s  cons iderab ly  h igher  than t h a t  i n  t h e  corpus c e r e b e l l i .  The d i s t r i b u t i o n  

i s  l i n e a r  as i t  i s  i n  t h e  corpus c e r e b e l l i .  The groups of, spores are  

arranged i n  t h e  shape o f  a h o r i z o n t a l  "V". I n  lower p a r t  o f  t h e  myelen- 

cephalon t h e  groups o f  spores are arranged i n  a t h i c k  l i n e .  I n  t h e  upper 

p a r t  o f  t h e  myel encephalon t h e  spores are  1 ess abundant and, consequently 

t h e  upper arm o f  t h e  " V "  i s  t h i n n e r  than t h e  lower. 

I n  t he  t ransverse  s e c t i o n  o f  t h e  bra in ,  groups o f  spores are  c l e a r l y  

d i s t r i b u t e d  throughout t h e  b ra in .  It can a l s o  be seen t h a t  they  r a r e l y  

occu r  i n  t h e  lobus i n f e r i o r .  
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F i g .  23: Diagrammatic representa t ions  o f  d i s t r i b u t i o n  p a t t e r n  o f  

iclyxobolus neurobius spores (shown as s o l i d  do ts )  i n  t h e  b r a i n  

( A  and B )  and Spinal  co rd  (C) ; The 1 a b e l l  i n g  o f  t h e  b r a i n  f o l l o w s  

t h e  terminology used by Healy, 1966; G r i z z l e  and Rogers, (1976) 

A. Median l o n g i t u d i n a l  sect ion.  

1. Forebra in  

2. H idb ra in  

a. mesencephalon 

b. d i  encephal on 

c. v a l  vu l  a c e r z b e l l  i 

d. lohus i n f e r i o r  

e. saccus vascul a r i  s 

3. H indbra in  

F. netencephalon 

g. myel encephal on 

G. g ranu la r  1 ayer 

4. ~ i o l e c u l a r  l a y e r  

B. T ransvexe  s e c t i o n  throughout p a r t  o f  midbrain. 

C. Transverse s e c t i o n  c u t  a t  t h e  l e v e l  o f  pec to ra l  f i n .  





Spores are  d i s t r i b u t e d  throughout t h e  e n t i r e  l eng th  of t h e  sp ina l  

cord, bu t  t h e i r  d i s t r i b u t i o n  does, no t  f o l l o w  a  we1 1  def ined pa t te rn .  

F igu re  23C shows a  t ransverse  sec t i on  o f  sp ina l  cord  and t h e  p a t t e r n  of 

spore d i s t r i b u t i o n  w i t h i n  it. 

2. Pathogen ic i ty  

( i  ) E f f e c t s  of l4yxobol us neurobius i n f e c t i o n  on hos t  h i s t o l o g y  

I n  view o f  t h e  f a c t  t h a t  two d i f f e r e n t  developmental phases o f  - M. 

neurobius are  l oca ted  i n  two d i s t i n c t  l o c a t i o n s  w i t h i n  t h e  host, t h e  

d e s c r i p t i o n  o f  t h e  e f f e c t s  t h i s  species has on t h e  h i s t o l o g y  o f  t h e  host 

t i ssues  i s  t r e a t e d  i n  two pa r t s .  

The vege ta t i ve  stages o f  t h e  p a r a s i t e  occur i n  t h e  b r a i n  c a p i l l a r i e s  

which are d is tended a t  t h e  p o i n t  o f  t h e  p a r a s i t e ' s  l o c a t i o n  (F ig .  2).  

A t  no stage i s  t h e  p a r a s i t e  attached t o  the  i nne r  w a l l  o f  t h e  b lood vessel. 

I n  some instances t h e  c a p i l l a r i e s  are no t  completely occluded by t h e  pa ras i te  

and so t h e  b lood c e l l s ,  i n c l u d i n g  erythrocytes,  are capable o f  squeezing 

t h e i r  way pas t  t h e  pa ras i te .  Th is  i s  f a c i l i t a t e d  by t h e  e l a s t i c i t y  o f  

t h e  ery th rocy tes  which become d i s t o r t e d  du r ing  t h e i r  passage a long t h e  

i n f e c t e d  c a p i l l a r i e s .  It i s  a l so  poss ib le  t h a t  t h e  p a r a s i t e  i t s e l f  i s  

capable o f  some degree o f  c o n t r a c t i o n  o r  d i s t o r t i o n  a t  t h i s  s tage as i t  

moves along t h e  b lood vessel,  so t h a t  a t  some pe r iod  t h e r e  i s  a  s u f f i c i e n t l y  

broad lumen open t o  the  passage o f  t he  b lood c e l l s .  Some blockages are 

apparent, however, and accumul a t i  on o f  b lood c e l l  s  on t h e  a f f e r e n t  s ide 

o f  t h e  occ lus ion  can be observed. The occlus ions do n o t  appear t o  be 

so severe as t o  cause r u p t u r e  o f  t h e  c a p i l l a r i e s  and ex t ravasa t i on  of 

b l o o d  No such damage has been observed i n  t h e  v i c i n i t y  o f  t h e  paras i te .  

The p a r a s i t e  has never been found t o  con ta in  blood c e l l s  and, consequently, 

an amoebic t ype  o f  feeding on h l o ~ d  c e l l  s  can probably be discounted. 
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During t h e  sporogony phase, which occurs w i t h i n  t h e  b r a i n  t i ssue ,  

groups o f  p a r a s i t e  c e l l s  are arranged i n  s t rand l i k e  fo rma t ion  o r  i n  compact 

aggregations. The b r a i n  t i s s u e  i s  f r e q u e n t l y  eroded i n  t h e  area immediately 

surrounding t h e  paras i te ,  p u t  t h i s  damage i s  no t  u n i f o r m l y  present  (F ig.  

24a,b). B r a i n  c e l l  damage i s  due t o  displacement, and e s p e c i a l l y  t o  t h e  

pressure exer ted  on t h e  surrounding c e l l s  by the  pa ras i te .  The i n t e g r i t y  

o f  t he  c e l l s  i s  n o t  a f fec ted  i n  any o ther  way. There i s  no c y s t  format ion 

and no in f lammatory processes are provoked by t h e  pa ras i te .  

( i i )  E f f e c t  o f  M. neurobius on i t s  host i n  nature.  - 
It  i s  d i f f i c u l t  t o  judge the  pathogenic e f f e c t  o f  - M. neurobius on 

i t s  host i n  nature.  No observat ions were made on t h e  e a r l i e s t  developmental 

stages. Hence, no th ing  can be sa id  about poss ib le  harmful e f f e c t s  o f  these 

e a r l y  stages. However, i t  can be presumed t h a t  c a p i l l a r i e s  o f  t h e  b r a i n  

o f  these young f i s h  were p a r t i a l l y  o r  completely occluded by  t h e  pa ras i te  

and t h a t  some d i s r u p t i o n  o f  t he  b lood supply t o  t h e  b r a i n  may occur. This 

suggestion needs t o  be v e r i f i e d .  

It i s  e a s i e r  t o  deduce t h a t  du r ing  t h e  sporogony stage, when t h e  

p a r a s i t e  i s  s i t u a t e d  i n  t h e  b r a i n  t i ssue ,  t h a t  t h e r e  i s  no g r e a t  damage 

t o  the  c e n t r a l  nervous system. C e r t a i n l y  i n f e c t e d  f i s h  appear t o  behave 

normal ly  and undertake normal seaward and spawning migra t ions ,  together  

w i t h  uni  n fec ted  f i sh. There are no ex te rna l  morphological o r  behavi oura l  

s igns o f  t h e  p a r a s i t e ' s  presence. 



Fig. 24: Histological appearance of the brain t i ssue  due t o  :.!yxobolus 

neurobi us infection 

a )  Note eroded area ( € 1  of the t i ssue  adjacent t o  the parasite (P 1 

b )  The brain t i ssue  ( T )  surrounding the parasi te  (P) s t i l l  intact .  

Methylene blue and eosi n .  (x 900) 
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DISCUSSION 

A. ;.lORPHOLOGY AND DEVELOPHENT OF t IY  XOSOLUS NEU2OBIUS 

1. MORPHOLOGY 

Kudo and Hegl i tsch (unpubl ished) emphasized t h e  importance o f  i nfo rna t i on  

o f  t h e  morphology o f  the vegeta t ive  stages o f  members of t he  Hyxosporea 

because i t  can be used t o  supplement in forrnat ion about t he  spores, which 

thernselves are  o f t e n  d i f f i c u l t  t o  d i f f e r e n t i a t e .  The importance o f  vege- 

t a t i v e  morphology i s  p a r t i c u l a r l y  p e r t i n e n t  f o r  t h e  genus Flyxobolus 

where i n t e r s p e c i f i c  d i f f e r e n t i a t i o n o f  spores w i t h i n  t h e  genus i s  d i f f i c u l t .  

( i  ) Vegetat ive stages 

Desp i te  the  f a c t  t h a t  - W .  neurobius was discovered i n  1905 (Schuberg 

and Schroder, 1905) and desp i te  nany records o f  t h i s  species, such as 

i n  t h e  U.S.S.R, Uni ted Kingdom, Canada and t h e  U.S.A., i t s  vegeta t ive  

stages have never before been described. The f a i l u r e  o f  previous i n v e s t i -  

ga tors  t o  f i n d  the  vegetat ive stages nay be a t t r i b u t e d  t o  one o r  more 

of several  reasons: such as t i n e  o f  sarnpl ing,  t h e  s i z e  and/or age o f  

t h e  f i s h  examined, and t h e  unexpected l o c a t i o n  o f  t h e  vegeta t ive  stages 

( i n  t h e  c a p i l l a r i e s ) .  I n  t h e  course o f  t h i s  s tudy t h e  vegeta t ive  stage, 

a n u l t i n u c l e a t e  t rophozoi te,  was found i n  t h e  b r a i n  c a p i l l a r i e s  o f  a 

4 month-o ld - f i sh  i n  an August sample. The b r a i n  t i s s u e  i t s e l f  was e n t i r e l y  

f r e e  o f  t h e  pa ras i te  and, notably ,  no spores were present. I n  f i s h  i n  

which t h e  p a r a s i t e  has developed t o  t h e  sporogony stage, almost no o ther  

vege ta t i ve  stages were t o  be found. I n  f i s h  t h a t  contained c o c p l e t e l y  

mature spores no vegetat ive stages werefound. There have been nany 

prev ious records o f  - bl. neurobius spores i n  t i s s u e  and so i t  can be assumed, 

w i t h  a h i g h  degree o f  probabi 1 i t y ,  t h a t  t h e  T i  sh examined d i d  n o t  conta in  

any vege ta t i ve  stages o f  t h i s  species as otherwise they would have been 



recorded. A r t hu r  (1975), whose s tudy covered t h e  p e r i o d  f rom June t o  

September, ( i  .e. t h e  p e r i o d  du r i ng  which v e g e t a t i v e  stages were found 

i n  t h e  course o f  t h e  p resen t  s tudy)  f a i l e d  t o  d iscover  any v e g e t a t i v e  

stages. However, he d i d  f i n d  mature spores. 

The m u l t i n u c l e a t e  vege ta t i ve  stages o f  - .  M. neurobius bear c l o s e  

resemblance t o  mu1 t i  nuc lea te  t rophozo i  t e s  o f  Myxosoma cerebra l  i s  ( c f .  

Hoffman e t  al., 1962, F ig .  8) .  However, t h e  l o c a t i o n  of these s tages -- 
i n  t h e  hos t  d i f f e r s  markedly f o r  t h e  two spec ies.  There a re  no records,  

o r  desc r i p t i ons ,  o f  t h e  e a r l y  stages o f  - 14. c e r e b r a l i s  i n  t h e  b loodst ream 

o f  i t s  host .  Dan ie ls  e t  a l .  (1976) found s i m i l a r  s t r u c t u r e s  i n  t h e  -- 

s k i n  f r om a  r e g i o n  a n t e r i o r  t o  t h e  eye, i n  t h e  e p i t h e l i u m  l i n i n g  t h e  

buccal  c a v i t y ,  and i n  t h e  base o f  t h e  g i l l  f i l amen ts ,  o f  young ra inbow 

t r o u t  (Salno - g a i r a n e r i  ) exposed t o  water  known t o  c o n t a i n  i n f e c t i v e  stages 

o f  - M. c e r e b r a l i s .  Al though t h e  i d e n t i t y  o f  t h a t  s t r u c t u r e  i s  n o t  known 

w i t h  c e r t a i n t y ,  t h e  authors  suggested t h a t  i t  migh t  be an e a r l y  developmental 

s tage  o f  - M. c e r e b r a l i s .  They f a i l e d  t o  f i n d  any t r a c e  o f  t h e  p a r a s i t e  

i n  t h e  cap i  11 a r i es .  Stensaas e t  a1 . ( 1967) r e p o r t e d  s t r u c t u r e s  i n  t h e  -- 
axons of a  tozd, Bufo arenarum , t h a t  resembled t h e  c e l l s  d iscovered  

i n  t h e  present  study. They suggested t h a t  t h e  observed organism was 

p robab ly  a  sporozoan o f  t h e  o rder  Eucocc id ia .  F u r t h e r  i d e n t i f i c a t i o n  

o f  t h e  p a r a s i t e  was n o t  attempted. Wu -- e t  a1 . ( 1979) repor ted ,  b u t -  d i d  

n o t  descr ibe,  e a r l y  v e g e t a t i v e  stages o f  - M. dryac j in i  i n  t h e  nervous t i s s u e  

of a  s i l v e r  carp,  - H. n o l i t r i x  b u t  no developmental stages o f  any k i n d  

were r e p o r t e d  i n  t h e  cap i  11 a r i es .  

Records o f  vege ta t i ve  stages o f  members o f  t h e  MyxospoPea i n  t h e  

b l o o d  cap i  11 a r i  es a r e  ve ry  ra re .  Davis ( 1  923) r e p o r t e d  Lentospora 

( =  Flyxosoma) o v a l i s  as o c c u r r i n g  i n  t h e  c a p i l l a r i e s  o f  t h e  g i l l  f i l amen ts  



o f  i t s  hosts, t h e  b u f f a l o  f i s h e s  ( I c t i o b u s  bubalus and - I. c y p r i n e l l a ) .  

Lom and de Puytorac (1965) found vege ta t i ve  stages o f  - N. psorospermica, 

p a r a s i t e  o f  Perca f l u v i a t i l i s ,  i n  t h e  same hab i ta t .  Both these species, 

however, complete t h e i r  l i f e  cyc les  i n  t h e  lumen o f  t he  b lood vessels 

and produce c y s t s  i n  these vessels. The spores are produced w i t h i n  t h e  

cys ts ,  q u i t e  u n l i k e  the  s i t u a t i o n  i n  id. neurobius. - 

The above f a c t s  lead t o  two conclus ions.  ( 1  ) The s i m i l a r i t y  between 

t h e  vegeta t ive  stages o f  Myxosporea descr ibed p rev ious l y  and t h e  c e l l s  

d iscovered i n  t h e  course o f  t h i s  s tudy s t r o n g l y  i n d i c a t e  t h a t  these l a t t e r  

c e l l s  are vegeta t ive  stages o f  Myxosporea. ( 2 )  The f a c t  t h a t  these c e l l s  

occur i n  t he  lumen o f  blood vessels, u n l i k e  those o f  any p r e v i o u s l y  

descr ibed nyxosporean suggests t h a t  t hey  do not  belong t o  species o ther  

t han  M. neurobius. - 
( i i  ) Spore 

A l l  morphological c h a r a c t e r i s t i c s o f  M.neurobius spores observed - 
under t h e  l i g h t  microscope are i n  agreement w i t h  the  species d e s c r i p t i o n  

by Schuberg and Schroder ( 1905). There are, however, some d i f f e r e n c e s  

i n  dimensions o f  t h e  spores bu t  these d i f f e rences  are w i t h i n  t h e  ranges 

determined by Schuberg and Schroder ( 1  905) , and by Pavl ovski  i ( 1952 3 .  

Kudo (1  921 ) po in ted  out t h a t  t he  s i z e  o f  myxosporean spores might  .be 

a f f e c t e d  by t h e  treatment used t o  prepare t h e  ma te r ia l  f o r  observat ion.  

I n  add i t ion ,  Lom and Hoffman (1971) s t ressed t h a t  spore s i z e  i s  sub jec t  

t o  d i f f e rences  r e s u l t i n g  f rom host species. S i m i l a r  observat ions were 

made by Davies (1968). Furthermore, she s ta ted  t h a t  t h e  s i z e  of t h e  

myxosporean spore might be a f f e c t e d  a l s o  by t h e  l o c a t i o n  w i t h i n  t h e  i n d i v i d u a l  

host .  I n  t h e  present study, - M. neurobius spores are described f rom sockeye 

salmon, whereas t h a t  o f  t h e  o r i g i n a l  d e s c r i p t i o n  (see Schuberg and Schroder, 
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1905) i s  from t r o u t .  

According t o  Schuberg and Schroder ( l905) ,  t he re  i s  on l y  one nucleus 

i n  t h e  sporoplasm. I n  the  present study, two n u c l e i  were f r e q u e n t l y  

seen i n  the  sporoplasn o f  immature spores. The l i t e r a t u r e  conta ins  many 

references t o  e i t h e r  one o r  two sporopl asm n u c l e i  i n  var ious species 

o f  I4yxosporea ( c f .  Shulman, 1966). It appears t h a t  i n  - M. neurobius t h e  

con jugat ion  o f  t h e  sporoplasm nuc le i  occurs be fore  the  spore i s  inges ted 

by i t s  new host. 

The openings o f  t he  p o l a r  f i l amen ts  (capsular  fo raa ina)  cou ld  no t  

be seen under t h e  l i g h t  microscope i n  t h e  course o f  t h i s  study, a l though 

they  were described by Schuberg and Schroder (1  905). However, examination 

under the  scanning e l e c t r o n  microscope showed d i  s t i  nc t  capsul a r  f o ran i  na 

i n  t h e  suture (F ig.  6B). 

There are o n l y  few pub l i ca t i ons  desc r ib ing  t h e  s t r u c t u r e  of t h e  

myxosporean spores as seen under t h e  scanning e l e c t r o n  microscope. Those 

t h a t  have been publ ished r e f e r  most commonly t o  t h e  f o l l o w i n g  s t r u c t u r a l  

fea tures :  capsular  forami nay su tu ra l  r i d g e  (1  i n e s )  , a groove runn ing  

p a r a l l e l  t o  t h e  s u t u r a l  r idge,  mucus membrane cover ing t h e  p o s t e r i o r  

p a r t  o f  t he  spore, and ornanentat ion o f  t h e  va l ve  surface (Lom and Hoffman, 

1971 ; Komourdjian -- e t  a1 . , 1977; Desser and Paterson, 1978; Wold and Iversen, 

1978; Kabata and Nhi taker ,  1981). Not a l l  species have spores w i t h  a1 1  

these c h a r a c t e r i s t i c s .  - M. neurobi us has a1 1  these c h a r a c t e r i s t i c s  except 

f o r  t h e  mucus membrane and s h e l l  ornanentat ion.  The su tu ra l  r i d g e  i s  

q u i t e  th i ck ,  w i t h  s t r a i g h t  suture l i n e .  The capsular  foramina, as mentioned 

earTier ,  are loca ted i n  t h e  su tura l  r idge,  i n  con t ras t  w i t h  a  species 

l i k e  Kudoa pani formis ( c f .  Kabata and :!hitaker, 1981, F ig.  2B) i n  which 

they open i n  the  p o l a r  reg ioa  o f  t h e  valves. Th i s  p o s i t i o n  c l o s e l y  res2nbles 
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t h a t  occur r ing  i n  Myxosoma cerebra l  - i s .  The spores of these two species 

resemble each o ther  i n  the  presence o f  t h e  groove running along t h e  su tu ra l  

r i dge .  The f u n c t i o n a l  s ign i f i cance  o f  t h i s  groove i s  unknown, p a r t i c u l a r l y  

i n  view o f  t h e  f a c t  t h a t  i t  i s  absent f rom some c l o s e l y  r e l a t e d  species, 

e.g. Flyxosoma c a r t i  1  agin is .  

I n  view o f  t h e  l i m i t e d  data p r e s e n t l y  ava i l ab le  on spore s t ruc tu re ,  

as observed under the  e lec t ron  microscope, i t  i s  no t  y e t  poss ib le  t o  

assess the  s i g n i f i c a n c e  o f  t he  i n d i v i d u a l  features fo r  t h e  purposes o f  

taxonomy. 

The nature  o f  the  iod inoph i lous  vacuole, as we l l  as i t s  va lue f o r  

separat ing t h e  genera Nyxobol us and blyxosoma, i s  s t i  11 debatable. It 

appears t h a t  t h e  occurrence o f  t h e  vacuole i s  not  cons i s ten t  and i t  might 

depend on the  treatment o f  t he  spore. Some i n v e s t i g a t o r s  (Wa l l i ke r ,  

1968; Lom, 1969; Desser and Paterson, 1978) considered t h a t  t h e  presence 

o r  absence o f  t h e  vacuole i s  no t  a  r e l i a b l e  c r i t e r i o n  f o r  separat ing 

Llyxosoma from i4yxobolus. Others (Shulman e t  al . ,  1978; Donets e t  a1 . , -- -- 

1978) remain f i r m  i n  the be1 i e f  t h a t  t h e  vacuole i s  a  morpho log ica l l y  

s i g n i f i c a n t  s t r u c t u r e  and must be taken i n t o  account i n  t h e  systematics 

o f  blyxosporea. The i r  arguments a re  based on the  eco log ica l  s i g n i f i c a n c e  

o f  t h e  vacuole, p a r t i c u l  a r l y  f o r  t h e  f reshwater  blyxosporea, Spores 

con ta in ing  t h e  iod inoph i lous  vacuole are  heavier, a  c h a r a c t e r i s t i c  of 

p o t e n t i a l l y  g rea t  importance i n  t h e  f reshwater  h a b i t a t  ( c f .  Shulnan et. - 

al., 1978). - 

I n  the  f r e s h  and aged 

s t a i n ,  t h e  vacuole d i d  not  

f i n d i n g s  o f  Hal 1  i ker  ( 1968 

spores o f  M. neurobius t r e a t e d  w i t h  Feulgen's  - 
occur c o n s i s t e n t l y .  This  agrees w i t h  t h e  

), Lon (1969) and Desser and Paterson (1978). 

The spores o f  M. neurobius - are re1  eased i n t o  the  environment a f t e r  death 
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o f  t h e  hos t  f i s h  which takes  p l ace  on t h e  bottom o f  a  r i v e r  o r  near t h e  

banks o f  a  lake.  Consequently, t h e y  do n o t  r e q u i r e  any mechanism t h a t  

would make them heav ie r  and cause them t o  s e t t l e  more r a p i d l y  on t h e  

bottom. The same i s  t r ue ,  however, o f  t h e  spores o f  I~lyxosoma c e r e b r a l i s ,  

which a re  re leased  under s i m i l a r  c i rcuns tances  f rom decomposing hos t  

and have no i o d i n o p h i l o u s  vacuoles. It would appear, t he re fo re ,  t h a t  

t h e  use o f  t h e  vacuole f o r  taxonomic purposes i s  a t  l e a s t  d i f f i c u l t  and 

r e q u i r e s  a  g r e a t  deal  o f  a d d i t i o n a l  s tudy  be fo re  i t s  va lue  can be determined. 

2 .  comparison o f  developmental cyc les  

Four f e a t u r e s  o f  t h e  developmental c y c l e  o f  - M. neurobius war ran t  

d iscuss ion,  namely: 

( i  development o f  vege ta t i ve  s tages i n  t h e  lumen o f  b lood  vessels;  

( i i )  l i b e r a t i o n  o f  sporonts  f r om t h e  t r o p h o z o i t e  c e l l ;  

( i  i i method of sporobl  a s t  fo rmat ion ;  

( i v )  t i m e s c a l e o f  s p o r e f o r m a t i o n .  

( i  ) Development o f  v e g e t a t i v e  stages i n  t h e  lumen o f  b lood  

vessel s  

Al though t h e r e  i s  ve ry  l i t t l e  knowledge about t h e  e a r l i e s t  stages 

i n  t h e  development o f  Myxosporea, t h e r e  a re  va r i ous  op in i ons  about t h e  

l o c a t i o n  o f  t h e  r o u t e  a long which t h e  p a r a s i t e  proceeds t o , i t s  d e f i n i t i v e  

t a r g e t  s i t e .  It i s  commonly h e l d  t h a t  t h e  b loodst ream a c t s  as one of 

t h e  main, i f  n o t  t h e  only, pathway. Some species, such as biyxosoma 

( =  Lentospora) ova l  i s and Henneguya psorospermi cay  c o n t i  nue t h e i  r devel  opment 

up t o  t h e  spore stage i n  t h e  c a p i l l a r i e s  o f  t h e  g i l l  f i l a m e n t s  (Davis,  

1923; Lom and de Puytorac, 1965; Dykova and Lom, 1978). 

The d iscovery  o f  t h e  m u l t i n u c l e a t e  v e g e t a t i v e  s tages o f  - !.I. neurobius 

i n  t h e  b r a i n  c a p i l l a r i e s  can be t aken  as c o n f i r m a t i o n  o f  e a r l i e r  suggest ions 



t h a t  t h e  bloodstream ac t s  as one o f  t h e  pathways i n  the  course of myxosporean 

development. What i s  more i n t e r e s t i n g ,  i s  t h a t  i t  shows t h a t  - M. neurobius 

passes through t h e  t r o p h o z o i t e  s tage and develops t o  t he  sporon t  s tage  i n  t h e  

lumen o f  t h e  cap i  11 ary.  Th i s  has n o t  p r e v i o u s l y  been r e p o r t e d  i n  any species 

of Myxosporea. 

The p o s s i b l e  occurrence o f  an e a r l y  i n t r a c e l l u l a r  s tage i n  Nyxosporea 

has been suggested by some i n v e s t i g a t o r s  (e.g. Kudo, 1922). Such a stage, 

however, has been found on o n l y  r a r e  occasions. Joseph (see Kudo, 1922) found 

young i n t r a c e l  l u l  a r  stages o f  Chloromyxum p r o t e i  i n  t he  u r i n i f e r o u s  tubu les  o f  

i t s  host,  Proteus angui nus. Auerbach ( a f t e r  Kudo, 1922) observed un inuc lea te  

"amoebula" o f  Myxidium bergense and Zschoke l la  h i l d a e  e n t e r  i n t o  e p i t h e l i a l  

c e l l s  o f  t h e  g a l l  g ladder  o f  t h e  hos t  f i s h ,  a l though he d i d  n o t  express any 

views on t h e  impor tance o f  t h a t  process t o  t h e  developnent of t h e  pa ras i t e .  

It i s  imposs ib l e  t o  assess accu ra te l y  t h e  s i g n i f i c a n c e  t o  t h e  p a r a s i t e  o f  

t h e  f a c t  t h a t  i t  develops i t s  v e g e t a t i v e  stages i n  t h e  lumen of t h e  b r a i n  

c a p i l l a r i e s .  However, t h e  f a c t  t h a t  t h e  hos t  does n o t  seem t o  be i a p a i r e d  by 

t h e  i n f e c t i o n  o f  i t s  b r a i n  w i t h  H. neurobius suggests t h a t  t h i s  t y p e  o f  - 

developnent m igh t  be an adap ta t i on  enab l i ng  t h e  hos t  and t h e  p a r a s i t e  t o  

reach  an e q u i l i b r i u m  t h a t  would g r e a t l y  l i m i t  o r  comple te ly  e l i m i n a t e  t h e  

pathogenic e f f e c t  o f  t h e  p a r a s i t e .  

Discuss ing t h e  e v o l u t i o n  o f  l,lyxosporea, Shulman (1956) suggested t h a t  t hey  

a r e  phy logene t i ca l  l y  young, a1 though t h e y  a re  we1 1 adapted t o  t h e i r  hosts.  

Most o f  t hen  appear t o  have reached a p h y s i o l o g i c a l  equi  1 i b r i u m  w i t h  t h e i r  

hos ts .  Coelozoic  forms a re  cons idered p r i m i t i v e  stages i n  t h e  e v o l u t i o n  of 

'!yxos~porea, whereas t h e  h i s t o z o i c  forms a r e  more advanced. As a r u l e ,  t h e  

coe lozo i c  forms a r e  r e 1  a t i v e l y  nonpathogenic. M. neurobius,  w i t h  i t s  vege ta t i ve  - 

stages i n  t h e  lumen o f  -;he c a p i l l a r i e s  and spores i n  t h e  t i s s u e  of t h e  b r a i n  

appears t o  occupy an i n t e r a e d i a t e  p o s i t i o n  i n  t h e  e v o l u t i o n a r y  sequence of 



lllyxosporea, connect ing t h e  coelozoic  w i t h  t h e  h i s t o z o i c  forms. 

( i i )  L i b e r a t i o n  o f  sporonts from t rophozo i te  c e l l  

Kudo and Megl i t s c h  (unpubl ished) s ta ted  t h a t  sporonts a re  re leased from 

t h e  t rophozo i te  i n  on ly  a few species o f  Kyxosporea. Furthermore, Noble 

( 1944) n e n t i  oned t h a t  p l  asmotomy and buddi ng (endo- and exogenous) occur 

i n  P.lyxosporea dur ing  t h e  growth phase. Kudo (1922) observed these 

i n  Leptotheca ohlmacheri and Noble ( 1941 ) recognized s imi  1 a r  

i n  Ceratomyxa blennius. Budding i s  considered t o  be one o f  t h e  

f requen t l y  

phenomena 

phenomena 

methods o f  m u l t i p l i c a t i o n ,  lead ing  t o  t h e  fo rmat ion  o f  e i t h e r  new t rophozo i te  

o r  t o  spores. The f a c t  t h a t  no newt rophozo i teso f  - M. neurobius were found 

i n  b r a i n  t i ssues  s t r o n g l y  suggests t h a t  t h i s  species has a d i f f e r e n t  course 

o f  devel opnent . I t  re1 eases sporonts i ndi  v i  dual l y  from t h e  t rophozo i  t e  i n  

t he  lumen o f  a c a p i l l a r y  i n t o  the  t i s s u e  o f  t he  b rz in .  

( i i i ) Hethod o f  sporobl a s t  format  i o n  

Various methods o f  sporoblast  fo rmat ion  have been descr ibed i n  t he  

l i t e r a t u r e  and have been reviewed by Noble (1944) and Shulman (1966). 

However, t h e r e  i s  a d i s t i n c t  p o s s i b i l i t y  t h a t  these d i f f e r e n c e s  a re  more 

apparent than r e a l ,  and are due t o  d i f f i c u l t i e s  i n  t h e  s tudy  o f  t h e  

morphological changes o f  t h e  very smal l  nuc le i ,  as we1 1 as t o  t h e  asynchronous 

character  o f  sporogenesi s  progressing i n s i d e  a t rophozo i te  (Uspenskaya, 

1976). The most w ide l y  accepted hypothesis  o f  sporoblast  f o rma t ion  i s  t h a t  

i t  i s  a process o f  d i f f e r e n t i a t i o n  and growth o f  a s i n g l e  c e l l ,  w i thou t  

previous union o f  nuc le i  o r  cytoplasm. I f  t h i s  hypothesis  i s  accepted, 

i t  must be assumed t h a t  on l y  a s i n g l e  sexual process takes p lace  

i n  The sporoplasn. Meiosis occurs i n  on l y  t h e  development o f  the 

sporoplasn, t h e  nucleus of which i s  haplo id.  Other n u c l e i  o f  t h e  spore 

are d i p l o i d .  Uspenskaya (1976), who used a cy topho tone t r i c  method 
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f o r  s tudy ing  t h e  nuclear cyc le  of Sphaeromyxa e l i g i n i ,  discovered t h a t  

t h e  nucleus o f  t h e  spore as we l l  as t h a t  o f  t he  sporoplasm are  haplo id.  This  

di.scovery can be used t o  formulate another hypothesis o f  t he  nuclear  cyc le.  

L i t t l e  can be sa id  o f  t h e  nuclear  cyc le  o f  - id. neurobius, i n  view 

of t he  f a c t  t h a t  these methods have no t  been employed i n  the  course of 

t h e  present study. However, t he  f a c t  t h a t  t he  sporoplasm o f  an immature 

spore conta ins  two nucle i ,  wh i l e  t h a t  o f  a mature one conta ins  on l y  one, 

s t rong ly  suggests t h a t  the  sexual process occurs i n  t h e  sporoplasm. 

This f u s i o n  o f  nuc le i  i s  c l e a r l y  v i s i b l e  i n  F ig .  25. The exact way i n  

which i t  progresses dur ing t h e  growth phase cou ld  n o t  be ascertained. 

However, by t h e  t ime asporont  i s  formed (Fig.  3)  o n l y  one nucleus cou ld  

be seen w i t h i n  the  cytoplasmic 1 ayer o f  sporont c e l l  s. Thus un i  nucl  eate 

sporonts cou ld  be t raced as they emerged from t h e  b lood vessels and pene- 

t r a t e d  t h e  hos t  b r a i n  t i s s u e  (F ig .  l 5 a ) .  Th2 next  stage o f  development, 

t h e  sporoblast,  i s  b inucleate,  presunably as t h e  r e s u l t  o f  nuclear  d i v i s i o n  

of t he  un inuc lea te  sporoblast (F ig.  15b). The nex t  developmental stabe 

i s  d i f f i c u l t  t o  f o l l o w  and i t  i s  unce r ta in  whether i t  i s  a process o f  

me io t i c  o r  m i t o t i c  d i v i s i o n .  However, a t  l e a s t  up t o  t h e  stage of t h e  

b i  nucl  eate sporobl ast,  the  nuclear  c y c l e  o f  - 14. neurobi us conforms t o  those 

o f  o ther  members o f  Myxosporea, as described by Noble (1944)., i .e. .it 

represents d i f f e r e n t i a t i o n  and growth o f  a s i n g l e  c e l l .  

I n  t h e  course o f  t he  spore formation o f  - M. neurobius which occurs 

a f t e r  t he  d i f f e r e n t i a t i o n  of component c e l l s  o f  t h e  spore, t h e  s h e l l  valves 

are  the  f i r s t  v i s i b l e  s t ruc tu res  t o  develop i n  t h e  spore. They are fol lowed 

by t h e  p o l a r  capsules. The valves a1 so develop f i r s t  i n  Ceratomyxa auerbachi 

( c f .  Kabata, 1962) and Henneguya v i t i e n s i s ,  a p a r a s i t e  o f  t h e  hea r t  of 

Leiognathus fasc i  atus ( c f .  La i rd ,  1950). 



Fig .  25: Fusion of sporoplasm nuc le i  i n s i d e  t h e  s ? o r e  of !4yxobolus 

neurobi us (a r row) .  

Fresh spore.  ( x  1500) 





( i v )  T ine  scale o f  spore fo rmat ion  

The t i n e  sca le  o f  t he  development o f  ;,iyxosporea appears t o  vary 

from species t o  species. The dbvelopnent might be concluded i n  2 1  days, 

as i n  Ceratomyxa shasta ( c f .  Yanamoto and Sanders, 1979), o r  i t  might  

take  as l ong  as 4 months, as i n  i~lyxobolus d ryag in i  (c f .  Nu e t  a1 . , 1979). - -  

Various f a c t o r s  have been considered as poss ib l y  a f f e c t i n g  t h e  du ra t i on  

of t h e  devel opmznt o f  r"4yxosporea. For exanpl e, Hal 1 i day ( 1973) observed 

t h a t  spores o f  Xyxosoaa c e r e b r a l i s  can be detected i n  52 days post  i n f e c t i o n  

a t  17 C.  A t  12 C and 7 C, spores took 101 and 120 days r e s p e c t i v e l y  t o  

develop. According t o  Schafer (1  968) C. shasta cannot become in fec t i ous  - 
a t  temperatures below10 C. 

The f a c t o r s  t h a t  a f f e c t  t h e  du ra t i on  o f  t h e  developnent o f  M. neurobius . - 

are hard t o  determine. I t  appears, however, t h a t  t h e  r a t e  o f  development 

of t h i s  species i s  fas te r  than  t h a t  o f  Henneguya s a l n i n i c o l a ,  which i n f e c t s  

t h e  sane popu la t i on  o f  sockeye salnon i n  Sproat Lake (Eoyce, personal 

communication). 

5. TRANSi4ISSION OF i4YXOBOLUS NEUROBIUS 

1. I n  na tu re  (Sproat Lake) 

A t  l east  t h r e e  f a c t s  de r i ved  f rom t h e  study of t h e  developmental 

cyc les  o f  - M. neurobius i n  t h e  popu la t i on  o f  sockeye salmon res iden t  i n  

Sproat Lake war ran t  d iscussion.  They are: 

( i )  Vegeta t i ve  stages were found i n  four-month-old sockeye salnon; 

( i i )  Vegeta t i ve  stages were absent f r o n  6, 7, 8, and 9 nonth o l d  f i sh ;  

( i i i . 1  There were no vegeta t i ve  stages i n  y e a r l i n g  f i s h .  

It was un fo r tuna te  t h a t  t h e  sampling o f  salmon i n  Sproat Lake cou ld  

no t  d i s t i n g u i s h  between f i s h  c o l l e c t e d  f r o n  d i f f e r e n t  p a r t s  o f  t h e  lake. 
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Such a  d i s t i n c t i o n  may have been h e l p f u l  i n  determin ing some aspects 

o f  t h e  mode o f  transmission o f  M. neurobius. However, ava i l ab le  evidence - 

suggests a t l e a s t  two p o s s i b i l i t i e s  of i t s  t ransmiss ion  i n  Sproat Lake. 

The f i r s t  hypothesis i s  t h a t  t h e  t ransmiss ion  o f  - M. neurobius takes 

p lace i n  on l y  c e r t a i n  p a r t s  o f  t he  lake, most probably near t he  banks. 

Th i s  hypothesis i s  supported by the  f a c t  t h a t  no vegeta t ive  stages ( i n d i c a t i n g  

recent  i n f e c t i o n )  were found i n  l a r g e r  f i s h .  The f i s h  are d i s t r i b u t e d  

i n  t h e  l ake  i n  such a  manner t h a t  the prog ress i ve l y  l a r g e r  f i s h  occupy 

p rog ress i ve l y  deeper water. Hence, t h e  l a r g e r  f i s h  have l o s t  contac t  

w i t h  t h e  source o f  i n f e c t i o n .  Kennedy (1975) s t a t e d  t h a t  c lose  contact  

between the  p o t e n t i a l  host and t h e  source o f  i n f e c t i o n  i s  among t h e  

most important  f a c t o r s  i n  t h e  t ransn iss ion  of t h e  paras i te .  Fu r the r  

support o f  t h i s  hypothesis i s  g iven by t h e  work o f  Sanders e t  a1 . (l97O), -- 

who deiiionstrated t h a t  t he  occurrence o f  Ceratomyxa shasta i s  res t r i l c  ted 

t o  we1 1  de f ined areas o f  t h e  r i v e r .  A s imi  1  a r  op in ion  was a l so  expressed 

by Knight  -- e t  a1 . (1980) as regards t h e  t ransmiss ion  o f  i4yxosoma fundu l i  . 
D i f f e r e n t i a l  age s u s c e p t i b i l i t y  i s  no t  uncommon i n  hos t -paras i te  

r e l a t i o n s h i p s .  Dogie1 e t  a1 . (1958) s ta ted  t h a t  t h e  change i n  t h e  q u a l i t a t i v e  -- 
conposi t i o n  o f  p a r a s i t i c  fauna i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  ex ten t  

of t h e  changes i n  t h e  ecology of t he  host  w i t h  age. 

The second hypothesis presupposed an even e a r l i e r  i n f e c t i o n  of t h e  

f i sh .  I n  accordance w i t h  t h i s  one, t h e  t r a n s n i s s i o n  o f  M. neurobius - 

occurs a t  a  very  e a r l y  age o f  t h e  host,  p o s s i b l y  d i r e c t l y  a f t e r  t h e  f i s h  

emerge from t h e  gravel .  These young f i s h  i n g e s t  t h e  spores present  i n  

t h e  surrounding areas whi 1  s t  feeding. To ma in ta in  t h i s  hypothesis, 

one must a l so  pos tu la te  t h a t  t he  o l d e r  f i s h  are  immune t o  i n f e c t i o n  by 

t h i s  p a r a s i t e  because young stages o f  t h e  p a r a s i t e  a re  no t  found i n  o lde r  
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f i s h .  

As mentioned e a r l i e r ,  there  are  two sources o f  spores i n  t h e  lake. 

F i r s t l y ,  t h e  spores t h a t  have been re leased by dead spawners. The spores 

coming f rom t h i s  source are more l i k e l y  t o  be d i s t r i b u t e d  along t h e  banks 

of t h e  lake, c lose  t o  the spawning grounds. Secondly, t h e  spores i n  

t h e  i n f e c t e d  young f i s h  t h a t  have d ied  d u r i n g  t h e i r  pe r iod  o f  residence 

i n  t h e  lake. These spores might be sca t te red  a long the  rou te  taken by 

a i g r a t i n g  f i s h  f r o n  the  p lace o f  ha tch ing  t o  t h e  f i n a l  d e s t i n a t i o n  i n  

t h e  lake. 

The author i s  i n c l i n e d  t o  b e l i e v e  t h a t  t h e  i n f e c t i o n  occurs du r ing  

t h e  very e a r l y  stage o f  t h e  h o s t ' s  l i f e ,  as suggested i n  t he  second 

hypothesi s. 

2. Laboratory experiments 

The f o u r  t ransmiss ion experiments conducted dur ing  t h i s  s tudy and 

i n v o l v i n g  t h e  use o f  both f r e s h  and aged spores, force f e d  o r  ingested 

by t h e  f i s h  i n  thespore  suspension, produced t h e  f o l l o w i n g  p e r t i n e n t  

f a c t s  : 

(i) t h e  f i s h  ingested t h e  spores, when p laced i n  spore suspension; 

( i  i ) a  considerable p r o p o r t i  on (though n o t  a1 1  ) o f  spores inges ted 

i n  t h i s  manner extruded t h e i r  p o l a r  f i laments ;  

( i i i  both f r e s h  and aged spores ( l a t t e r  aged i n  r e f r i g e r a t o r ,  a  4 C 

f o r  5 nonths were i n f e c t i v e ;  

( i v )  t he  f i s h  d i d  no t  become un i fo rm ly  in fec ted .  

The f a c t  t h a t  t h e  f i s h  ingested t h e  spores prov ides some c l u e  as 

t o  t h e  method of t ransmiss ion o f  - 14. neurobius. By i t s e l f ,  however, t h i s  

f a c t  i s  not  s u f f i c i e n t  t o  lead t o  t h e  conc lus ion  t h a t  t h e  spore i nges t i on  

i s  t h e  mode o f  t ransmiss ion o f  M. neurobius. Young f i s h  are l i k e l y  t o  - 
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i nges t  any p a r t i c u l a r  mat ter  o f  a  s u i t a b l e  s ize,  occur r ing  i n  suspension 

i n  t h e i r  environnent. When combined w i t h  t h e  f a c t  t h a t  a t  l e a s t  some 

spores d i d  ext rude t h e i r  p o l a r  f i l amen ts  upon inges t ion ,  i t  becomes more 

convincing. It must a l so  be taken i n t o  account t h a t  i nges t i on  as t h e  

mode of t ransmiss ion o f  blyxosporea has been genera l l y  accepted by t h e  

i n v e s t i g a t o r s .  I n  accordance w i t h  present  understanding, i nges t i on  i s  fo l lowed 

by t h e  ex t rus ion  o f  po la r  f i l a m n t s  i n  t h e  i n t e s t i n e  o f  the  host, e x a c t l y  as 

has occurred i n  t h e  course o f  these experiments. 

A quest ion t h a t  occurs a-L t h i s  p o i n t  o f  t h e  d iscussion i s :  Mhy 

do not  a l l  t h e  spores extrude t h e i r  p o l a r  f i l a m e n t s  i n  the  i n t e s t i n e ?  

A c o r r e c t  answer t o  t h i s  quest ion might  p rov ide  t h e  key t o  the  success 

o f  l abo ra to ry  t ransmiss ion o f  Myxosporea. I n  view o f  t he  f a c t  t h a t  no 

publ ished r e p o r t  e x i s t s  on t h e  complete success i.n t r a n s m i t t i n g  t h e  myxo- 

sporean, t h i s  quest ion i s  s t i l l  hard t o  answer. I t  i s  reasonably c e r t a i n  

t h a t  such an answer must take  i n t o  accounk a l l  f a c t o r s  concerned w i t h  

t h e  i n f e c t i o n ,  such as the  spores, t h e  host ,  and t h e  environnent. 

The numerous f a i l u r e s  of prev ious t ransmiss ion  experiments has 
/ 

l e d  some i n v e s t i g a t o r s  (Yamamoto and Sanders, 1979) t o  speculate t h a t  

an i n f e c t i v e  agent o ther  than the  spore must be present.  However, as 

demonstrated by t h e  present study and by some o the r  experiments (see 

Uspenskaya, l W 8 ) ,  i n f e c t i o n  was t r a n s m i t t e d  by spores. Hence, I am 

convinced t h a t  t he re  i s  no reason t o  l ook  f o r  an i n f e c t i v e  agent o the r  

than t h e  spore. 

One must now r a i s e  the  quest ion o f  t h e  cond i t i ons  necessary t o  main ta in  

t h e  successful  growth o f  t he  paras i te .  Since spores are  ingested by 

t h e  f i sh ,  i t  i s  obv ious ly  necessary t h a t  t h e  cond i t i ons  w i t h i n  t h e  i n t e s t i n e  

must permi t  spores t o  germinate. These c o n d i t i o n s  are the  q u a l i t y  and 



q u a n t i t y  o f  t h e  i n t e s t i ~ a l  f l u i d .  The n e x t  s t e p  t h a t  must be success fu l l y  

accomplished i s  t h e  pene t ra t i on  o f  t h e  i n t e s t i n a l  w a l l  by  t h e  sporoplasm, 

which then  breaks i n t o  t h e  c i r c u l a t o r y  system. The sporoplasn must, 

t he re fo re ,  be a b l e  t o  r e s i s t  t h e  defence mechanisms o f  t h e  hos t .  These 

two b a r r i e r s  hav ing  been overcome, t h e  p a r a s i t e  must f i n d  t i s s u e s  capable 

of suppo r t i ng  i t s  development and growth.  Hot a l l  hos t  t i s s u e s  a re  capable 

t o  f u l f i l l  t h i s  r o l e .  For  example, i t  has been es tab l i sehd  i n  t h i s  study 

t h a t  t h e  f o r e b r a i n  i s  no t  favourable f o r  M. neurobius development. The - 

f a c t  t h a t  mu1 t i nut-lleate t rophozo i  t e s  o f  M. neurobi  us were d i  scovered n a i  n l y  - 

i n  f o u r  non th  o l d  sockeye salmon, i n d i c a t e s  t h a t  t h i s  e a r l y  s tage o f  

t h e  f i s h  o f f e r s  t o  t h e  p a r a s i t e  f a v o u r a b l e  developmental cond i t i ons .  

I n  t h i s  a s s o c i a t i o n  t h e r e  appears Lo be t h ?  con f i rma t i on  t h a t  t h e  p a r a s i t e  

i s  ab le  t o  overcome t h e  b a r r i e r s  p resen ted  by t h e  f i s h ,  w h i l e  t h e  f i s h ,  

i n  i t s  t u rn ,  i s  ab le  t o  support  t h e  p a r a s i t e ' s  development. The exact  

mechanism i n v o l v e d  i n  e s t a b l i s h i n g  t h i s  h o s t - p a r a s i t e  system a re  unknown 

and u r g e n t l y  need f u r t h e r  study. 

The environmental  c o n d i t i o n s  a t  t h e  t i m e  o f  i n f e c t i o n  must be such 

as t o  a l l o w  t h e  i n f e c t i o n  t o  proceed. F o r  example, Schafer (1968) showed 

t h a t  t h e  i n f e c t i o n  w i t h  C. shasta cannot  occur,  when ambient ter ' iperature - 

i s  below 10 C. I f  t h e  f i s h  become i n f e c t e d ,  temperatures below t h a t  

l e v e l  p robab ly  a c t  as a  re ta rdan t ,  b u t  do n o t  t o t a l l y  p reven t  f u r t h e r  

devel  opnent o f  t h e  pa ras i t e .  

C. DISTRIBUTION Ii4 THE 38AIN AND PATHOGENICITY 

* 1  . Di  s t r i  b u t i  on 

The evidence de r i ved  f rom t h e  d i s t r i b u t i o n  o f  t h e  n u l t i n u c l e a t e  

t r ophozo i t es  w i t h i n  t h e  lumen o f  t h e  b l o o d  vessels  leads  one t o  expect 
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t h a t  - M. neurobius i s  d i s t r i b u t e d  throughout the e n t i r e  b r a i n  o f  t h e  f i s h .  

I n  fact ,  these stages of t h e  p a r a s i t e  do occur i n  a l l  p a r t s  o f  t h e  bra in ,  

as we1 1 as i n  t h e  sp ina l  cord. The examination of the  p a t t e r n  of spore .  

d i s t r i b u t i o n  and i t s  comparison w i t h  t h e  pa t te rn  o f  t he  b r a i n  c a p i l l a r i e s  

(F ig .  26, a f t e r  Grodzinski, 1947, F i g .  3B) provides a good argument i n  

favour o f  t h e  bloodstream being t h e  pathway f o r  d i s t r i b u t i o n  o f  - F:. neurobius 

w i t h i n  the  host.  Comparison of F i g .  23A w i t h  F ig .  26 c l e a r l y  shows t h a t  

t h e  spores concentrate most ly  i n  t h e  h i g h l y  vascular ized areas o f  t h e  

b ra in .  The low vascul a r i z a t i o n  on t h e  va l vu l  a cerebe l l  i and t h e  lobus 

i n f e r i o r  i s  accompanied by t h e  s c a r c i t y  o f  spore aggregates. On t h e  

o the r  hand, i n  t h e  ~yelencep&zlon,which has a r e l a t i v e l y  r i c h  vascu lar iza t ion ,  

t h e  dens i ty  o f  spore aggregates i s  h igh.  T+is correspondence between 

t h e  spore d i s t r i b u t i o n  and t h e  p a t t e r n  of t h e  c a p i l l a r i e s  e x i s t s  o n l y  

i n  the  mid- and h ind-  b ra in .  I t  does not  ho ld  t r u e  f o r  t h e  forebra in,  

a p a r t  o f  t h e  nervous system comple te ly  f ree  of spores, i n  s p i t e  of i t s  

abundant blood supply and i n  s p i t e  of t he  f a c t  t h a t  nul -k inucleate tropho- 

z o i t e s  are connon i n  it. 

The absence o f  spores f r o n  t h e  fo reb ra in  suggests t h a t  i t  does no t  

present  a f avourabl e envi ronment f o r  t h e  development of t h e  pa ras i te .  

Some form o f  defence mechanism m igh t  be present and be suppressing t h e  

pa ras i te .  The nature  of t h i s  mechanism i s  completely unknown. The fo rebra in  

does not  con ta in  sporoblast,  and t h e r e  are  no t races  of phagocytosis 

i n  progress. A l t e r n a t i v e l y ,  t h e  sporonts n i g h t  n o t  be re leased f r o n  

t h e  blood vessels i n  t he  f o r e b r a i n  due t o  some unknown and unfavourable 

f a c w r .  I t  i s  f a r  from c lea r ,  what prevents t h e  p a r a s i t e  from i n f e c t i n g  

t h e  forebra in.  Comparison of t h e  h i s t o l o g y  o f  t h e  fo rebra in  w i t h  t h a t  

of t h e  o ther  p a r t s  o f  t he  nervous system showed (Fig.  27) t h a t  they  are  



F i g .  26: D i s t r i b u t i o n  p a t t e r n  o f  main b l ood  vessels  (bv )  o f  t r o u t  (Salmo 

i r i d e u s  Gibb).  

( a f t e r  Grodz insk i ,  1947). 





no t  i d e n t i c a l .  F ig.  27A shows t h e  compact nature o f  the  b r a i n  t i s s u e  

i n  t h e  fo reb ra in ,  w h i l e  t h a t  o f  t h e  o ther  p a r t s  (F ig.  27B,C) are r a t h e r  

loose. Perhaps t h i s  d i f f e r e n c e  accounts f o r  t h e  absence o f  spores i n  

t h e  fo reb ra in .  

2. Pathogen ic i ty  

The course o f  i n f e c t i o n  o f  sockeye salmon by - M. neurobius was fo l l owed  

f ron~  the  stage o f  nu1 t i  nucl ea te  t rophozo i  t e  occur r ing  i n  t he  capi  11 a r i  es 

o f  t h e  b r a i n  o f  4 month-old-f ish, up t o  t h e  stage o f  mature spores occu r r i ng  

i n  t he  b r a i n  t i s s u e  o f  adu l t  f i s h ,  caught du r ing  t h e i r  spawning in igrat ion.  

Ne i ther  gross c l i n i c a l  s igns nor  h i s t o l o g i c a l  changes i n  t he  i n fec ted  

b r a i n  were observed. The i n f e c t e d  and un in fec ted  f i s h  migrate together  

t o  the  sea and r e t u r n  together .  The form,er f i s h  shows no impairment 

t h a t  could be a t t r i b u t e d  t o  Myxobolus i n f e c t i o n .  

H i s t o l o g i c a l  examination revea led  n e i t h e r  a  defensive response o f  

t he  t i ssues  nor  any o f  necrosis .  Some erosion and displacement o f  t h e  

b r a i n  t i s s u e  occurred, as w e l l  as d i s t e n s i o n  o f  t h e  b r a i n  c a p i l l a r i e s .  

I t  seems, however, t h a t  these changes produce no harmful e f f e c t s  on t h e  

f i sh. These observat ions a re  i n  agreement w i t h  those o f  Konoval ov (1  971 1. 

The opi  n i  on o f  Schuberg and Schroder (1  9O5), therefore,  i s not  confirmed. 

The mechanism invo l ved  i n  t h e  r e l a t i o n s h i p  between Nyxosporea and t h e  

b r a i n  o f  t h e i r  hosts are n o t  c l e a r .  Some species, such as ~ l yxobo l  us 

k i  su tch i  ( c f .  Yasutake and Wood, 1957) and M. neurobi us, are harm1 ess - 
t o  t h e i r  hosts. However, - PI. d r y a g i n i  produced i n  i t s  host, Hypophthal- 

michthys m o l i t r i x ,  t h e  so -ca l l ed  w h i r l i n g  disease (Wu e t  al . ,  1979). (Not -- 
t o  be. confused w i t h  t h e  c l a s s i c a l  w h i r l i n g  disease caused by blyxosoma 

cerebra l  i s )  . 
Shulnan (1 966) s ta ted  t h a t  t h e  n a j o r i  t y  o f  Myxosporea are  nonpathogenic. 



F i g .  27: H i s t o l o g i c a l  appearance o f  va r ious  p a r t s  o f  t h e  b r a i n  o f  sockeye 

salmon. 

Methylene b l u e  and eos in .  ( x  8) 

A. Forebra in  

B. M idbra in  

C. H indbra in  
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He be1 ieved t h a t  t h e  Flyxosporea are we1 1 adapted paras i tes  i n  view of t he  

s t a t e  o f  e q u i l i b r i u m  w i t h  t h e i r  hosts and producing wel l-balanced hos t -  

p a r a s i t e  systems. According t o  Shulman ( l966) ,  t h e  evidence of t h i s  

adapt i  veness o f  Flyxosporea i s provided by t h e i r  morphology, 1 i f e  cyc le ,  

and physiology. Current  -- e t  a l .  (1979) suggested t h a t  any s tud ies  aimed 

a t  d iscover ing t h e  fea tu res  o f  t he  p a r a s i t e  t h a t  are responsib le f o r  

i t s  pathogenic e f f e c t  should i nvo l ve  a c lose  examination o f  t h e  p l  asr,iodial 

w a l l  s t r u c t u r e  and func t i on .  U l t r a s t r u c t u r a l  s tud ies  (Lorn and de Puytorac, 

1965; Current and Janovy, 1976, 1978; Current,  1979) have demonstrated 

t h a t  t he  plasmodia1 w 2 l l  o f  Flyxosporea v a r i e s  f rom species t o  species 

and, even w i t h i n  a s i n g l e  species, according t o  the  pathogenic e f fec t  

exerted on the  host .  Current  and Janovy (1978) demonstrated t h a t  t h e  

p l  asmodi urn wa l l  of Henneguya e x i  1 i s  t h a t  i n h a b i t s  i n t e r -  and i i-ltral anel 1 a r  

spaces on the  g i  11 s o f  channel c a t f i s h  ( I c t a l u r u s  punctatus) i s  q u i t e  

d i f f e r e n t .  The i n t e r l  amel 1 a r  p l  asmodi a a re  bounded by two ou te r  u n i t  

meabranes and covered by a f i n e  granular  coat  o f  h i g h l y  v a r i a b l e  th ickness 

and i n  some reg ions  t h e r e  i s  d i r e c t  contac t  between t h e  p a r a s i t e  and 

c e l l  s o f  the  host .  The i n t r a l  amel 1 a r  p l  asmodi a, however, are bounded 

by a sing1 e ou te r  u n i t  membrane and covered by a f i n e  granu lar  c o a t o f  

almost uni form th ickness.  These authors uncovered evidence t h a t  t h e  

host c e l l  cy top l  asn and i n t e r s t i t i  a1 mater i  a1 are taken by i n t e r l  amel 1 a r  

plasmodia. I n  con t ras t ,  no d i r e c t  contact  was observed between t h e  p a r a s i t e  

and the  c e l l s  o f  t h e  hos t  i n s i d e  t h e  lamel la ,  i n d i c a t i n g  t h e  absence 

o f  pathogenic i n f l u e n c e  a t  t h a t  s i t e .  

* Since no u l t r a s t r u c t u r a l  study o f  t h e  plasnodiaum wa l l  o f  - 94. neurobius 

was undertaken i n  t h e  course o f  t h i s  p ro jec t ,  i t  i s  no t  poss ib le  t o  say 

anything about t h e  s t r u c t u r e  o f  i t s  wa l l .  I n  add i t ion ,  no t r u e  c y s t s  
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or  plasmodia1 w a l l s  were found i n  M. neurobius. The h igh  degree o f  - --- 
adaptat ion o f  - M. neurobius t o  i t s  hosts i s  ev ident  from t h e  t y p e  o f  

i t s  l i f e  cyc le .  As mentioned e a r l i e r ,  t h e  vegeta t ive  stages o f  t h i s  

p a r a s i t e  develop w i t h i n  t h e  c a p i l l a r i e s  up t o  t h e  sporont stage. The 

spores are formed by i n d i v i d u a l  sporonts t h a t  have been re leased f rom 

t rophozoi tes.  It can be pos tu la ted  t h a t  t h i s  t ype  o f  development tends 

t o  minimize t h e  damage t o  b r a i n  t i ssues .  An i n d i c a t i o n  of t h i s  e f f e c t  

can be obta ined f rom a s imple a r i t h m e t i c a l  c a l c u l a t i o n .  Le t  us assume 

t h a t  - I!. neurobius develops w i t h i n  i t s  o r i g i n a l  zygote membrane u n t i  1 

t he  fo rmat ion  o f  mature spores. Since amul t inuc lea te t rophzo i t e  20 urn 

i n  diameter conta ins  some 100 generat ive nuc le i ,  and s ince each o f  these 

nuc le i  develops i n t o  a polysporous form about 20 urn i n  diameter, t h a t  

t rophozo i te  would produce a spore aggregate as b i g  as 2 nm i n  diameter. 

Th is  i s  s u f f i c i e n t l y  b i g  t o  produce severe damage t o  t h e  b r a i n  o f  a small 

f i s h ,  o r  t o  des t roy  i t s  sp ina l  cord completely. The ex ten t  o f  poss ib le  

i n j u r y  would have -to be m u l t i p l i e d  by t h e  number o f  t h e  t rophozo i tes  

present.  - 1.1. neurobius, however, does not  deve lop in  t h i s  manner. I t s  

spore aggregates, produced by s i n g l e  sporonts, never develop t o  t h e  s i z e  

t h a t  would be i n j u r i o u s  t o  t h e  b r a i n  o f  t h e  f i s h .  Thus, i t  can be concluded 

t h a t  t h i s  p a r t  o f  t h e  l i f e  c y c l e  o f  M. neurobius does no t  induce any - 
pathogenic e f f e c t s  on t h e  f i s h .  
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SUMMARY 

1. llorphology, developmental cycle, pa thogen ic i ty ,  and node o f  t ransmiss ion 

of a  myxosporean paras i te ,  ;ilyxobolus neurobius from sockeye salmon, 

Oncorhynchus nerka i s  described. 

2. Vegetat ive stages i n  t h e  form o f  mu l t i nuc lea te  t rophozo i tes  were 

found i n  t h e  b lood c a p i l l a r i e s  o f  t h e  b r a i n  and spinal  cord o f  4 

month-old sockeye salmon. I t s  shape va r ied  from spher ica l  o r  oval  

t o  slender, and i t s  average s i z e  was 20.2 urn i n  length  and 13.2 urn 

i n  width. 

3. The number o f  c e l l  nuc le i  var ied  ranging from 45 t o  103 and measured 

0.76-1.02 um i n  diameter. The genera t ive  and vegeta t ive  n u c l e i  cou ld  

no t  be d i s t i n g u i s h e d  f rom each other .  

4. The morphology and s t r u c t u r e  of - M. neurobius obtained f rom present  

study are i n  agreement w i t h  t h a t  o r i g i n a l l y  described by Schuberg 

and Schroder (1905). However, i t  i s  es tab l ished t h a t  t h e  sporoplasm 

has two n u c l e i  i n  t he  innature  and one i n  the  mature spores vihereas 

Schuberg and Schroder, 1905, recorded on l y  a  s i n g l e  sporoplasm nucleus. 

5. Scanning e l e c t r o n  microscope observat ions o f  spores revealed t h a t  

t he  spore sur face i s  smooth and w i thou t  ornamentation o r  a mucus 

envelope. A p a r a l l e l  fu r row occurs along a  prominent s u t u r a l  r i dge .  

The capsular  formamina are s i t u a t e d  a t  t h e  a n t e r i o r  on t h e  s u t u r a l  

r idge.  
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The schizogony and sporogony phases of - M. neurobius development are 

separated from each other in time and space. The schizogony phase 

up t o  sporont formation i s  developed in the brain capi l la r ies ,  whereas 

the sporogony phase occurs in the brain t issue. 

The sporonts are individually 1 i berated from the trophozoi t e  cel l  

into brain t i ssue  as uninucleate sporobl asts .  The next development 

i s  different iat ion and growth of t h i s  uninucleate sporoblast leading 

t o  formation of e i ther  monosporous or polysporous forms. Six nuclei 

are needed t o  form a spore and i t  takes about 6 months fo r  spore 

maturation. This type of development has not been reported for  other 

Nyxosporea species. 

The vegetative stages of - M. neurobius are distributed throughout 

the brain and spinal cord, whereas the spore stage occurs everywhere 

except the  forebrain. 

No gross c l in ica l  and behavioural signs are observed in - M .  neurobius 

infected f i sh .  No histological changes are found in the infected 

brain, though erosion and displacement of brain tissue.occurred. 

Distension of brain capi l la r ies ,  however, i s  observed a t  the s i t e  

of the parasite.  

10. The type of development of - M. neurobius (separation of schizogony 

' from sporogony phase, and 1 i beration of individual sporonts) i s  

considered t o  resul t  in the absence of pathogenic e f fec ts  on the 

host. 



11. It is established from experimental evidence that the fresh as we1 1 

as the stored spores (5 months in refrigerator at 4 C) are infective. 

Furthermore, it reveals that ingestion of spores is a mode of - M. 

neurobius transmission. 
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A n t e r i o r  end o f  spore 

Capsular foramen 

Capsu 

Capsu 

l a r  view 

1 ogenous c e l l  

Capsul ogenous nucleus 

Cyst 

D i  sporous 

I o d i  nophi 1 e vacuole 

Spore length  

Monosporous 

Pol a r  capsule 

Po la r  f i l amen t  

Polysporous 

THE GLOSSARY OF TERMS USED 

The end o f  t h e  spore where the  p o l a r  capsules 

open. 

The opening o f  t h e  po la r  capsule through which 

the  f i l a m e n t  i s  extruded. 

The aspect of t h e  spore w i t h  capsu lar  foramina 

towards the  observer. 

A smal l ,  nucleated i s l a n d  o f  cytoplams i n  which 

the  p o l a r  capsule becomes d i f f e r e n t i a t e d .  

The nucleus o f  capsulogenous c e l l ,  becoming 

pycnot ic  as capsular d i f f e r e n t a t i o n  progresses 

A r e s i s t a n t  cover about a p a r a s i t e  produced 

by t h e  p a r a s i t e  o r  t h e  host  

Tern app l i ed  t o  a t rophozo i te  producing on l y  

two spores 

A vacuole i n  t h e  sporoplasn, t h e  contents of 

which are  s ta ined  brown w i t h  i od ine ,  character-  

i s t i c  o f  t h e  f a m i l y  Myxobol idae. 

The diameter o f  t h e  spore i n  s u t u r a l  plane. 

Term app l i ed  t o  a t rophozo i te  producing a 

s i n g l e  spore. 

~ h k  ho l l ow  body i n  t he  spore enc los ing  the  

p o l a r  f i l amen t .  

The c o i l e d  f i l a m e n t  i n s i d e  t h e  p o l a r  capsule. 

Term a p p l i e d  t o  t rophozo i te  producing more 

than two spores. 



She1 1 

Shell valve 

Sporobl ast  

Sporont 

Sporopl asn 

Str ia t ion 

Suture l ine  

Sutural ridge 

Thickness of spore 

Trophozoi t e  

Val vul ar view 

Width of spore 

The envelope of the spore 

One of the pieces of which the spore oezbrane 

or shell  i s  composed. The valves meet a t  the 

suture. 

A developnental stage containing pi-imordi a1 

c e l l s  of the shell valves, capsules and the 

sporoplasn, leading up t o  the spore. 

A nucleated, speci a1 i zed island of protopl asm 

within a trophozoite, which gives r i s e  to  one 

or two sporobl asts .  

The cytoplasmic mass found within the spore. 

A f i ne  ridge ornaiiienting the surface of the 

she1 1 .  

The l ine  on the shell narking the union of the 

valves. 

A ridge narking the sutural l ine.  

The di arneter of spore a t  r ight  angles t o  length. 

The vegetative or multiplicative stage of 

a myxosporean. 

Aspect of spore in the plane parallel  t o  the 

sutural 1 ine. 

Diameter of the spore measured between the 

la te ra l  faces of the shell valves and a t  r ight  

angles t o  the sutural l ines .  



APPENDIX I 1  

Resul t  of an experiment t o  i n f e c t  t h e  year1 i n g  coho salmon w i th  s'.lyxobolus 
neurobius i n  experimental tanks (Experiment I 1. Numbers i n  parentheses 
i n d i c a t e  t h e  number o f  f i s h  exa~nined 

Treatments and Repl icates 

Days post i n f e c t i o n  Treatment I Treatment I1  Treatment I I I 

11 (August, 1980) 0 0 
( 1  ) - (1  ) 

22* (August, 1980) - 

31 (September, 1980) 0 * 0 
( 1  1 ( 1 )  

49* (September, 1 980) - - 

62 (October, 1980) 0 0 
(1 ) (1  

November, 1 980) 0 0 
(2)  (2 )  

December, 1980 ) 0 0 
(2 )  (2 )  

February, 1981 ) 0 0 
(1  1 ( 1  ) 

blarch, 1981 ) 0 - 
( 2  1 . . 

271 (Ilay, 1981) - 0 

- (2 )  
275 (Nay, 1981 - 

516 (January, 1982) - - 

Note: * f i s h  d i e d  due t o  funga l  i n f e c t i o n  
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APPENDIX IV 

Result of an expcrinent t o  i n f ec t  the underyearling sockeye salmon with 
Plyxobol us neurobi us in experimental tanks (Experiment I I I 1. ilumbers 
in  parentheses indicate  t he  number of f i s h  examined 

Trea-tments 
Days post exposure t o  

the  infect ion Treatment I Treatment I1  1 Treatment I11 2 

(July ,  1951) 0 0 0 
( 2 )  ( 2 )  ( 2  

(July ,  1981) 0 
( 1 )  

(August, 1981 ) 0 
( 2 )  

(September, 1981 ) 0 
( 2  

131 (October, 1981) 0 
( 3 )  

148 (November, 1981 ) 0 
( 5 )  

179 (December, 1981 ) 0 C 0 
(10) (1 0 )  (10) 

221 (January, 1982 0 0 
( 5 )  ( 5  

Note: * one f i s h  died 
1 one f i s h  missing 
2 th ree  f i s h  missing 
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APPENDIX V 

Result of an expericent t o  infect  the  underyearling sockeye saloon 
with l.?yxobol us neurobi us i n  experimental tanks (Experinent IV) . 
Numbers i n  parentheses indicate  the  number of f i s h  examined 

Days post exposure t o  Treatment I Treatment I1 
the  infection 

40* (October, 1981) 

47 (October, 1381 ) 

69 (November, 1981 ) 

99 (December, 1981 ) 

135 (January, 1982) 

Note: * f i s h  died 



Di agramoatic representa t ions  of sporobl a s t s  of tlyxobol us neurobi us 

A. Continuing d iv i s ion  o f  t h e  sporoblas t  nuclei ( spn)  o f  

Nyxobol us neurobi us r e s u l t s  i n  the  f o r n a t i  on of polyspcrous 

forms. 

B. Sporoblasts  of ~~'lyxobolus newobius  from t h e  brain t S s s w  o f  an 

experimental l y  infec ted  f i sh a t  5 months pos-;; i nfr-em-," L d I,.lb. , ; 

C. Sporoblasts  of ::yxobolus neurobius fror,i t h e  bra in  t i  s s m  c.t 

3 nonths post in fec t ion .  




