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Causal Factors in Spring-
Time Fish Kills
What We Did, What We Learned, What Next



Study Sites in 2008
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•Modified Health 
Assessment Index is 
able to differentiate 
between kill and pre-kill 
sites
•Some metrics more 
“meaningful”
•Blind studies to test 
correspondence with 
histological tissue 
sections (ongoing)



Potential for External HAI
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Blood
• Question  whether normal 

haematological values can 
be established …

• Baseline values for  15 
blood parameters

• Prelim: Only meaningful 
change  - leukocytes    
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Springs and Jackson Tailwater
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Trout Streams  - a potential reservoir?
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Do we have any 
Rome strain 
brook trout or 
brown trout?



Possible spreaders: creek chub, common 
shiner, golden shiner and white sucker?
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Modeled average temperature depicting a longitudinal profile along 
the NFSR during summer 2002 using SNTEMP. Three areas in the 
River show temperature peaks.

North Fork Shenandoah River Temperature Profile



Where do we go from here?
• Environmental Stressors?
• What is reservoir for pathogen?
• What is route of exposure?
• What affects heterogeneity of host 

response?
• How is pathogen transmitted? 
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Weight of Evidence

Biological gradient.—
• There is a dose–

response relationship 
either on a spatial or 
temporal gradient within 
the system.

• Agriculture pesticides?
• Metals?
• Mixtures?

Consistency of the 
association.—
• The response 

relationships between 
some of the stressors 
have been observed by 
other investigators at 
other times and places

• No field studies
• Laboratory investigations
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Time Order—
• The cause precedes the 

effect in time, and also 
the effect decreases 
when the cause is 
removed or decreased 
(i.e., remediation).

• Data gap, cause 
unknown

Presence of exposure 
indicators.—
• There is the presence of 

exposure indicators and 
body burdens of 
contaminants in 
organisms.

• Haphazard toxicant 
sampling

• Follow up study to follow 
detox enzymes in blood 
or liver samples
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Strength of association?
• A large proportion of the 

organisms in the 
contaminated system are 
affected compared to 
those from a reference 
area. 

• Data gap
• Follow up - smaller 

‘reference’ sites 

Specificity of the 
association?
• Some of the observed 

effects are diagnostic of 
exposure.

• Not all fish get ulcerative 
lesions and some survive
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Coherence of 
association?
• The cause–effect 

relationship corresponds 
to the current 
understanding of 
mechanisms of effects.

• long-term exposure to 
mixtures of contaminants 
cause endocrine 
disruption and immune 
suppression.

Study Elements
• Pathogen distribution and 

transmission
• Carriers: trout, sculpin, 

snail, clam, trematode
• Stressors that reduce 

resistance (arsenic, 
atrazine, etc.)

14



What We Should Do Next
• Fish Health Over Time 

at Fixed Stations
• Kill Intensity Model
• Pathogen surveillance
• Heterogeneity of 

Infection
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• Factorial Sampling Design

• Responses
• Fish Immune Competence
• Lesions
• Carriers and Spreaders

• Measure Stressors
• Compare Survivor Body 

Burdens16

Field Study Design 
2009
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Lab 
Exposure 
Studies
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