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Aquaculture vs. Wild Salmon  
in British Columbia

■ Salmon Farming: contributes $800M 
annually 

■ Wild Salmon: formerly contributed >
$1,000M annually (25 yrs ago)
■ Have we simply replaced one “free” 

resource with another requiring significant 
inputs to production? 

Or… 

■ Can we have our cake and eat it too?



TEFFS Research Goals

1.Establish whether fish farm exposure 
reduces the subsequent survival of wild 
smolts (the key question). 

2. Provide clear data for a policy decision 
by government. 

3.Satisfy stakeholders on both sides of the 
issue that sound science has been used. 

4.Demonstrate the validity of high-
performance array designs for improved 
science—and develop support for next-
generation arrays.



A Philosophical Perspective
Discovery Science 

❑Observational (Natural History) 

❑The Search for something “cool & 
neat” that we don’t already know 

❑ “Slow & Steady” 
❑ Assumes (probably correctly) 
that new facts will advance society 

❑ Can be done using an “ad hoc” 
telemetry array

Experimental Science 
❑Measurement Based 

❑Hypothesis Driven 
❑Needs Crisply Stated Theories to Tear 
Down (& annoy) your colleagues 

❑Historically, characterized by very 
rapid progress from transformational 
results 

❑Requires a rigorous, precisely 
calibrated measurement tool (“The 
Array”)



The shift from observation to rigorous hypothesis 
testing was transformational in Science

The Power of Scientific Hypothesis Testing

CERN Hint: Governments 
Actually Like “Big 
Infrastructure”





Well-run arrays 
can be multi-
purpose
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“POST” as a Large-Scale Constrained    Optimization Problem  

MAXIMIZE Statistical (Scientific) Precision {Receiver 
Number, Receiver Geometry, Tag Numbers, Tag 
Programming} 

Subject to:  -Minimizing Overall Cost (Tags+Array) 
    -Maximizing Biological Information 
    -Maximizing Tag Lifespan 

✓ Minimizes capital cost of the array 
✓ Reduces acoustic tag costs 
✓ Reduces use of animals (Ethics & staff time) 
✓ Increases number of populations under study



■ content

2006 & 2007; ≥140 mm FL

2008, 2009 & 2010; ≥130 mm FL

≥100 mm FL

>95~100 mm FL

69 
kHz

180 
kHz

Biological Accuracy & Scientific Precision: 
PIT & Acoustic Tag Smolt Survival

From: 
www.vemco.com



Receiver Spacing X=100~1,000 m 
(Depends on Receiver Configuration, 
Tag Type, & Programming)

X (m)

X (m)

X (m)

X (m)

X (m)







V9 (69 kHz ~400m)
V7 (69 kHz ~300m)

V4 (180 kHz~100m)



TEFFS Experimental Test 
Overview

■ Capture & tag smolts 
■ Treatments 
■ Fish farm 
■ Control 

■ Move to release 
location 

■ Compare subsequent 
survival 

■ Ho: STreatment=SControl

Transport

Treatment

Control



TEFFS Proposed Experiment(s)





Smolt Handling, 
Transport, & 

Experimental Allocation



Statistical Power Analysis



Statistical Power Analysis

■ Considered the manipulative field 
experiment. 

■ Looked at plausible extensions of the 
current OTN/POST array (3 sub-arrays or 
“lines”). 

■ Looked at power to detect differences in 
weekly survival. 

■ Ran calculations for a series of possible 
survival differences.



Plausible Receiver 
Configurations Investigated

■ Black =  Existing 
Arrays  

■ Yellow = Proposed 
■ Purple = Considered 
■ Double receiver 

arrays allows 
absolute survival in 
the final segment to 
be estimated.



Sockeye Survival by Area
❑Survival rates in the 
Discovery Passage area are 
lower than in the Strait of 
Georgia. 
❑Not reported in 2009 CJFAS 
paper, because we did not scale 
survival for migration time. 
❑Several possible causes for 
lower Discovery Passage 
survival rates: 

➢ Fish Farms (Disease)? 

➢ More predators? 

➢ Weakening tag battery? 

➢Something else?
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Statistical Power

$0.5M in tags
180 kHz

 (V4 V5 V6)
69 kHz
 (V7 V9)
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Sentinel™ 
Tracking 

Array



Questions?


