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Panmixia and stocks 

The entire species 
forms one breeding unit 

Therefore the entire 
species forms one stock 

Presenter
Presentation Notes
Two key concepts:  Need to understand panmixia to understand biology.  Need to understand stock to understand management.



Panmixia 

So we expect coherence 
in behaviour, life history, 

and population trends 
across the range. 

Presenter
Presentation Notes
. . . under a simple interpretation of panmixia, there should be some degree of similarity across the range.



The Panmixia Paradox 

. . . but major ecological 
characteristics often vary 
sharply, even over short 

distances. 

Presenter
Presentation Notes
But as Jim has said, genetics under panmixia is quite complex.  In the panmixia paradox, things are not at all similar across the species range.



The Panmixia Paradox 

American eels are a true 
biological stock,  but they 

often don't behave like 
one. 

Presenter
Presentation Notes
The heart of the challenge for American eel conservation is to manage simultaneously for a single stock, and for diverse local population segments.



Eel range in Canada 

Presenter
Presentation Notes
The original eel range included nearly all waters flowing into the east coast of Canada, from Niagara Falls on the west, north to Lake Melville on the Labrador coast.



Range in  
Greenland 

Presenter
Presentation Notes
The range also includes southwest Greenland, although populations there are probably very small.



Range includes both . . .  
Saline waters Fresh waters 

        ? 9,000 km2 

Presenter
Presentation Notes
Eels occupy both salt and fresh water.  The relative contribution of these two habitat types is an important but unknown factor in eel conservation.  It's important because eels in salt water grow twice as fast as those in fresh, and they reach sexual maturity in about half the time.  It's also important because the kinds of threats eels face differ with salinity zone.



Range includes both . . .  
Saline waters Fresh waters 

        ? 
14,000 km2 18,000 km2 
9,000 km2 

(East coast) 

Presenter
Presentation Notes
A large but unknown portion of freshwater habitat in both countries is inaccessible due to dams and natural waterfalls.



But we know that range has diminished in fresh 
water, especially in areas distant from the sea 

Data from MacGregor et al. 2010 
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Eel landings 
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Presentation Notes
Landings are not necessarily a good indicator of abundance.  Canadian and US landings approximately equal.  Roughly parallel declines in recent decades.
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Shifts in the landscape 

Presenter
Presentation Notes
In recent years, the location of the main Canadian eel fisheries has shifted out of the St. Lawrence River axis.  By tonnage, the main fishery has shifted to the southern Gulf of St. Lawrence.  By dollar value, the main industry has shifted to the Atlantic coasts of NS and NB.  This is due to the rise of the international elver market.
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Shifts in the landscape 

Main focus of 
conservation 

concern 

Presenter
Presentation Notes
Fisheries have shifted, but the most acute conservation concern remains in the St. Lawrence River axis.



Status 

 Endangered 
(IUCN) 

2006 2012 2008 2014 

Presenter
Presentation Notes
Status in Canada.  The IUCN classification applies to the whole species.



Status 

 Endangered 
(IUCN) 

2006 2007 2012 2015 2008 2014 

*Unclear if Depleted refers to all US eels, or only those subject to exploitation 

Presenter
Presentation Notes
Status in the US.  Canada has a Special Concern category, but the US does not.  The two US decisions of No Category might possibly have been Special Concern if they had been evaluated in the Canadian system.



Status 

Canadian Journal of Fisheries and Aquatic Sciences 72: 1–13 (2015) 

In Canada, there is a distinction between assessment by 
COSEWIC and official listing under the Species at Risk Act. 
Most common outcomes of COSEWIC assessments: 
    - Delays of several years before a listing decision 
    - COSEWIC recommendation not accepted 
  
COSEWIC first assessed eels in 2006.  A decision still awaits. 
  

Presenter
Presentation Notes
Outcomes of species-at-risk assessments in Canada 



Canadian status:   
Overall decline, but high spatial variability 

 

 

y = 2E-197e0.2305x

R² = 0.7482
y = 4E+126e-0.141x

R² = 0.4415
y = 3E+131e-0.146x

R² = 0.5641

0

200,000

400,000

600,000

800,000

1,000,000

1,200,000

1,400,000

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
C

ou
nt

 o
f e

el
s

y = 2E-197e0.2305x

R² = 0.7482

0

20,000

40,000

60,000

80,000

1996 2001 2006 2011

C
ou

nt
 o

f e
el

s

Upper St. Lawrence River: 
Precipitous decline,  
slight recent improvement 

Presenter
Presentation Notes
The upper St. Lawrence River is the worst case for Canada.



Canadian status:   
Overall decline, but high spatial variability 
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Upper St. Lawrence River: 
Precipitous decline,  
slight recent improvement 
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Increase since the mid 1990s 
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Presentation Notes
The southern Gulf of St. Lawrence is the best case for Canada.  Other locations are in between, although the preponderance of trends are downward.



Canadian status:   
Elvers ascending the East River, Chester, Nova Scotia 
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Presenter
Presentation Notes
The longest elver recruitment series for the species is in Nova Scotia.  Significantly increasing until 2014, but the 2015 count fell below the series mean.



Threats   
Migratory obstructions 

     Upstream - loss of habitat 

     Downstream - turbine mortality 

Habitat alteration 

Contaminants 

Parasites - Anguillicola crassus 

Ocean changes 

Fisheries 
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Threats   
Migratory obstructions 

     Upstream - loss of habitat 

     Downstream - turbine mortality 

Habitat alteration 

Contaminants 

Parasites - Anguillicola crassus 

Ocean changes 

Fisheries 

Presenter
Presentation Notes
Fisheries for large (yellow and silver) eels and for glass eels/elvers.  There is tendency to think that elver fisheries are inherently "bad" because they don't give eels the chance to grow up.  But all eel fisheries regardless of stage target pre-spawners, so exploited individuals never reproduce.All of these factors may have some impact on eel populations, but their relative importance is not clear.  There is no 'smoking gun' where a distinct cause-and-effect relation can be established.



Most eel habitat on the east coast of Canada is unfished   

Presenter
Presentation Notes
Much conservation attention focuses on reducing fisheries.  But if only a small portion of the stock is exploited, benefits of a fishing ban might be small.



Science 
advice 

Stakeholder 
input 

Management 
decisions 

The standard model of fisheries management 

Presenter
Presentation Notes
In the standard model of fisheries management, science advice and stakeholder input are transmitted to managers, who make decisions on how fisheries are managed.



Assumptions: 
1. The fish under management constitute a 
stock  

The standard model of fisheries management 

Presenter
Presentation Notes
For this model to work for American eels, we need to satisfy some assumptions.  



 
   

    

In Canada, 5 
administrative  

units 

 

Ontario 

Quebec 

3 DFO  
Regions 

Presenter
Presentation Notes
Within Canada, eels are managed in 5 administrative units, with loose coordination among them.  This is a long way from managing by stock.



 
   

    

 

Ontario 

Quebec 

3 DFO Regions 

US  
Atlantic 

In the US,  
the ASMFC 

coordinates eel 
management 

Presenter
Presentation Notes
In the Atlantic US there is a coherent eel management system, on the east coast only.



 
   

    

 

Entire stock 

We need a 
management 
regime that 

covers the entire 
stock range. 

Presenter
Presentation Notes
But what's needed is a management regime that covers the entire stock.



Assumptions: 

2.  If you control fisheries, you control the 
      main or key anthropogenic impactors on 
      the stock  

1. The fish under management constitute a 
     stock  

The standard model of fisheries management 



But fisheries is only one of many impacts . . . 

Presenter
Presentation Notes
But fisheries is far from the only anthropogenic effect.  A fully comprehensive management system would or should also deal with the many other environmental impactors, on a stock-wide basis. 



 
   

    

 

Entire stock 

A fully 
comprehensive 

management 
regime would 

cover many non-
fisheries issues 
across the stock 

range. 

Presenter
Presentation Notes
A fully comprehensive management system would or should also deal with the many other environmental impactors, on a stock-wide basis. 



DKCDKC

Conclusion 
 

A Canada-US collaboration that manages 
fisheries only, but which also serves as a 

forum to discuss other conservation issues, 
is a realistic medium-term goal. 

Presenter
Presentation Notes
And now, as Apple executives say, one more thing. 



Getting a head start on international science 

Poirier et al., ICES J. Mar. Sci, submitted Cairns in prep., Atlas and classification of aquatic habitat 
by wind fetch 

Presenter
Presentation Notes
Jim has shown us how eel science can leapfrog into the Caribbean without leaving one's desk.  Here are two more examples of international eel science.Poirier et al.:  Eel distribution in marine waters, from 26 surveys and 250,000 data points.  Cairns: Mapping habitat suitability for eels on the E. coast of North America, from wind fetch.
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