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Ichthyophonus	
  Background	
  

•  Fish	
  kills	
  

•  Reduced	
  product	
  quality	
  

•  Most	
  research	
  has	
  occurred	
  in	
  the	
  North	
  Atlan7c,	
  
however,	
  	
  since	
  1980’s	
  reported	
  host	
  and	
  geographic	
  
range	
  has	
  been	
  expanding	
  in	
  NE	
  Pacific	
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Ichthyophonus	
  in	
  7ssues	
  	
  

Time	
  to	
  	
  fa7gue	
  (min)	
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4.09	
   11.52	
  

Heart	
  

Muscle	
  

Swimming	
  Performance	
  

How	
  energe7cally	
  significant	
  is	
  
Ichthyophonus	
  for	
  YOY	
  herring?	
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Three	
  Challenges	
  Simula7ng	
  
Overwinter	
  Fast	
  

1)	
  	
  Fas7ng	
  ini7ated	
  a`er	
  disease	
  is	
  established	
  

Ichthyophonus	
  exposure	
  	
  	
  →	
  	
  19	
  days	
  	
  	
  →	
  	
  	
  begin	
  fast	
  and	
  temperature	
  treatments	
  

2)	
  	
  Fas7ng	
  ini7ated	
  immediately	
  a`er	
  exposure	
  

Ichthyophonus	
  exposure	
  	
  	
  →	
  	
  1	
  day	
  	
  →	
  	
  begin	
  fast	
  and	
  temperature	
  treatments	
  

3)	
  	
  Infec7on	
  established	
  in	
  fish	
  a`er	
  fast	
  

	
  56	
  day	
  fast	
  	
  →	
  	
  Ichthyophonus	
  exposure	
  	
  →	
  	
  begin	
  feeding	
  and	
  temp.	
  treatments	
  

Challenge	
  Variables	
  
Temp.	
  (oC)	
   Herring	
   Ichthyophonus	
  

Challenge	
   Low	
   Amb	
   High	
  
Age	
  	
  
(d)	
  

FL	
  
(mm)	
  

Wt.	
  
(g)	
  

Inoculum	
  
(schizonts	
  /	
  fish)	
  

1)	
  	
  Diseased	
   6.7	
   9.3	
   12.3	
   164	
   44	
   1.0	
   174	
  

2)	
  	
  Newly	
  Exposed	
   5.6	
   7.9	
   12.4	
   241	
   70	
   3.6	
   167	
  

3)	
  	
  Fast	
  then	
  	
  
Exposed	
  

9.3	
   12.0	
   15.3	
   431	
   92	
   6.5	
   112	
  

3	
  replicate	
  tanks	
  per	
  treatment,	
  30	
  to	
  50	
  fish	
  per	
  tank	
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Challenge	
  Variables	
  
Temp.	
  (oC)	
   Herring	
   Ichthyophonus	
  

Challenge	
   Low	
   Amb	
   High	
  
Age	
  	
  
(d)	
  

FL	
  
(mm)	
  

Wt.	
  
(g)	
  

Inoculum	
  
(schizonts	
  /	
  fish)	
   schizonts	
  /	
  gram	
  

1)	
  	
  Diseased	
   6.7	
   9.3	
   12.3	
   164	
   44	
   1.0	
   174	
   168	
  

2)	
  	
  Newly	
  Exposed	
   5.6	
   7.9	
   12.4	
   241	
   70	
   3.6	
   167	
   46	
  

3)	
  	
  Fast	
  then	
  
Exposed	
  

9.3	
   12.0	
   15.3	
   431	
   92	
   6.5	
   112	
   17	
  

3	
  replicate	
  tanks	
  per	
  treatment,	
  30	
  to	
  50	
  fish	
  per	
  tank	
  

1)  Established	
  Disease	
   6.7	
  oC	
  

9.3	
  oC	
  

12.3	
  oC	
  

Cu
m
ul
a7

ve
	
  M

or
ta
lit
y	
  
(%

)	
  

Time	
  (d)	
  

Infec7on	
  Prevalence	
  
	
   	
  95.9	
  to	
  98.6	
  %	
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2)	
  	
  Newly	
  Infected	
  

Cu
m
ul
a7

ve
	
  M

or
ta
lit
y	
  
(%

)	
  

Time	
  (d)	
  

5.6	
  oC	
  

7.9	
  oC	
  

12.4	
  oC	
  

Infec7on	
  Prevalence	
  
	
   	
  95.4	
  to	
  98.0	
  %	
  	
  

3)	
  	
  Fast	
  → Exposure	
  	
  

Cu
m
ul
a7

ve
	
  M

or
ta
lit
y	
  
(%

)	
  

Time	
  (d)	
  

9.3	
  oC	
  

12.0	
  oC	
  

15.3	
  oC	
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3)	
  	
  Fast	
  → Exposure	
  	
  

In
fe
c7
on

	
  P
re
va
le
nc
e	
  
	
  (%

)	
  

15.3oC	
  12.0oC	
  9.3oC	
  

Discussion	
  

•  Mortality	
  reduced	
  by	
  Increase	
  and	
  Decrease	
  in	
  Temperature.	
  
–  Ichthyophonus	
  growth	
  (in	
  vitro)	
  varies	
  directly	
  with	
  temperature	
  

between	
  ≈	
  4	
  and	
  25	
  oC.	
  

–  Within	
  the	
  homeosta7c	
  range	
  of	
  the	
  fish,	
  immune	
  func7on	
  tends	
  to	
  
improve	
  with	
  increasing	
  temperature.	
  

•  Environmental	
  temperature	
  at	
  7me	
  of	
  Ichthyophonus	
  
exposure	
  may	
  determine	
  infec7on	
  prevalence	
  over	
  ensuing	
  
months	
  and	
  years.	
  
–  This	
  study:	
  	
  6	
  oC	
  temperature	
  increase	
  →  69%	
  lower	
  prevalence.	
  
–  Dose	
  dependant.	
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American	
  shad	
  (Massachusems)	
  

Copper	
  rockfish	
  (Puget	
  Sound)	
  

American	
  shad	
  &	
  Pacific	
  herring	
  	
  
(Columbia	
  River,	
  Puget	
  Sound	
  &	
  Alaska)	
  

Rainbow	
  trout	
  (Idaho)	
  

Pitch	
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END	
  

1)  Established	
  Disease	
   6.7	
  oC	
  

9.3	
  oC	
  

12.3	
  oC	
  

9.3	
  oC	
  

Cu
m
ul
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ve
	
  M
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ta
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y	
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)	
  

Time	
  (d)	
  

Infec7on	
  Prevalence	
  
	
   	
  95.9	
  to	
  98.6	
  %	
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2)	
  	
  Newly	
  Infected	
  
Cu

m
ul
a7

ve
	
  M

or
ta
lit
y	
  
(%

)	
  

Time	
  (d)	
  

5.6	
  oC	
  

7.9	
  oC	
  

12.4	
  oC	
  

7.9	
  oC	
  

Infec7on	
  Prevalence	
  
	
   	
  95.4	
  to	
  98.0	
  %	
  	
  

3)	
  	
  Fast	
  → Exposure	
  	
  

Cu
m
ul
a7

ve
	
  M

or
ta
lit
y	
  
(%

)	
  

Time	
  (d)	
  

9.3	
  oC	
  

12.0	
  oC	
  

15.3	
  oC	
  

12.0	
  oC	
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3)	
  	
  Fast	
  → Exposure	
  	
  

In
fe
c7
on

	
  P
re
va
le
nc
e	
  
	
  (%

)	
  

15.3oC	
   12.0oC	
   9.3oC	
   12.0oC	
  


