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Strategy: 

• Formulate the most important problem in 
terms of a critical model where in terms of 
a few parameters that can  be well 
estimated. 

• Compile all data in the world on the issue 
• Analyze it the right way 



How do you get the right results 
from models? 

• Right question 
• As simple models as possible, (and no simpler) 
• Parameters are random variables in which 

everything is heirachically structured. 
• Multiple tests for robustness 
• Repeat analysis using all other independent 

data in the world and combine using meta-
analysis. 

• Plot data and model results to reveal truth. 
 



Asking the right question requires 
intellectual honesty and 

independence. 

• “Tame” scientist: “Think what they are told 
to think even before they told to think it”. 

• We are a tribal species, and anyone who 
believes that thinking independently is 
easy, has simply never tried it. 



 
Link, MEPS. 2002. 

Keep Models As 
Simple as Possible. 



All parameters are random variables. 
All problems are related hierachically. 
Problems are formulated so that the parameters can be combined. 



A meta-analytic approach is required 

• Information combined 
over multiple pathways 
 

• Optimal parameter 
estimation for data-poor 
pathways 
 

• Population-level 
behavior inferred 













Credible limits on predictions 



Meta-analysis of pathways 

• Need to combine information over many 
individual tracks  

• We allow parameters of the vector (γ) 
describing behavior to be random 
variables: 

),(~ 2σµγ Ni



Improved parameter estimation 
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Multiple tests for robustness 



Argos: Location errors non-Normal 
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Robust methods are required 
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Normal model 
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Robust Model (Mixture model) 
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Loss of sharks in  
the Gulf of Mexico 

300 fold decline – no one noticed 

Oceanic Whitetip captures per 10,000 hooks 
1950’s        1990’s 

Baum and Myers, 2004 Ecology Letters 

Repeat analysis using  
all other independent data 



Plot to reveal truth. 

 













































Ask the right question 

 



The WRONG Question: 
Tuna agencies have never  
Corrected for an obvious, and  
Important source of bias: 
 
~25-30% of tropical tunas were  
initially not counted because of  
shark damage. 



The WRONG Question 



Tuna are now smaller 
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Yellowfin tuna – equitorial Pacific 
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Black marlin 

Mako sharks 

Mahi mahi 

Change in body size 



The oceans were not virgin when 
data began.  

• Japan harvested ~1,000,000 tons of tuna and 
marlin in the 5 years before WWII.  

• In 1950 the US harvested ~170,000 tons.  
• The 1950  harvest of albacore by Spain was 

greater than the  total recent harvest in the 
North Atlantic. 

• Species that migrate long distances (e.g. 
southern bluefin tuna, northern bluefin tuna, 
and albacore) would have reduced by these 
harvests.  
 



Another WRONG question: Does GPS, satellite information,   
ACDP (Acoustic Current Doppler Profiler)). 

However, fish may be a lot smarter too 
(the stupid ones were caught). 

Locations of a leatherback turtle over a two week period tagged by 
my student Mike James that maintains its position within a cold core 
ring (somehow). 



Government science was consistently wrong, and there was 
no effective voice from universities. 

Stolen from Carl Walters 



Loss of haddock on 
the Grand Banks –  
data from research 
surveys 









How to carry our a grossly 
incompetent assessment: get a 

useless opinion from someone who 
has not read the paper.   

• “The Panel learned that the first United 
States Atlantic Shark Management Plan, 
which came into effect in 1993, contained 
new reporting requirements that can 
explain the breakpoint in the time-series 
(Karyl Brewster–Geisz, National Marine 
Fisheries Service, pers. comm.).”  



Collapse and Conservation of Shark 
Populations in the Northwest Atlantic 

J.K. Baum, R.A. Myers, D.G. Kehler, B. Worm, S.J. Harley, P.A. Doherty 



Life history of sharks… 

  
Bony fish 

Sharks 

Mammals 



Hammerhead sharks 

Sphyrna spp. 



 Data Analysis 
 
  Assume catch follows negative binomial distribution 
  Analyse positives only → zero-truncated distribution  
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 Data Analysis 

Parameter estimation: Generalized linear 
models: 
 TNB with fixed θ is a one-parameter 
 exponential family of distributions 
 
Base model 
Main effects: area, season, light sticks, 
temperature and year 
Interactions: area*season, area*light  
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Blue shark 

Prionace glauca 

Results 



Hammerhead sharks 

Sphyrna lewini 
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1 Caribbean      6 NE Coastal 
2 Gulf of Mexico      7 NE Distant 
3 Florida              8 Sargasso 
4 S Atlantic Bight      9 S America 
5 Mid Atlantic Bight 

Hammerhead spp. White Tiger Coastal spp. 

Oceanic whitetip Thresher spp. Mako spp. Blue 



Robustness Analyses 
 
Assume reporting rate has stayed constant for:   
 full dataset 
 for a subset of vessels: recorded species at least once 
           recorded species at least once in a 
    given year 
 
Negative binomial models 
 
Delta-lognormal models 
 proportion of positives modelled separately from positives 
 standardized CPUE is the product of the two 
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NB NB 

NB 



Annual Pelagic Longline Fishing Effort



Loss of sharks in the Gulf of 
Mexico 

300 fold decline – no one noticed 

Oceanic Whitetip captures per 10,000 hooks 
1950’s        1990’s 

Baum and Myers, 2004 Ecology Letters 



How to carry our a grossly 
incompetent assessment: get a 

useless opinion from someone who 
has not read the paper.   

• “The Panel learned that the first United 
States Atlantic Shark Management Plan, 
which came into effect in 1993, contained 
new reporting requirements that can 
explain the breakpoint in the time-series 
(Karyl Brewster–Geisz, National Marine 
Fisheries Service, pers. comm.).”  



From the methods of our paper: 

• We present an analysis of logbook data for 
the U.S. pelagic longline fleets targeting 
swordfish and tunas in the Northwest 
Atlantic.  

• We eliminated the shark directed sets, 
which were bottom longline sets; which 
would have been clear if the “experts” had 
not actually read the paper.  
 



Fitting a simple 
model to crazy 
data can yield 
reliable, and very 
powerful 
conclusions 



Analysis of old survey 
data from the Gulf of 
Lion (where we only 
have partial data, i.e. 
the  number of positive 
counts) show that 12 
species of sharks and 
rays meet the IUCN 
criterion for 
endangered.  



Decline of Mako 
sharks 

Boero F. & A. Carli 1979 – Boll. Mus. Ist. Biol. Univ. Genoa (47) 
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With training, “experts” can ignore the 
most obvious of data: 

1872 - Man's head and leg and dolphin in stomach 
1872 – 8 Great White Sharks reported caught 
1888 - Woman's body and lamb in stomach 
1894 - Preserved at Zagreb Nat. Hist. Mus. 
1926 - Woman's shoes, laundry in stomach 
1946 - Pig of 10 kg in stomach 
1950 - Encounter during eating a dead calf 
1954 - Attack on boat 
1975+ -No sightings. 
                                         Soldo and Jardas, Periodicum Bologorum, 2002 







                                                    
 



How to change mainstream 
biologists into “Radical 

Environmentalists*”.  
 

1. Formally appoint you to the the 
Recovery Science Review Panel (for 
salmon), vetted by National Academy of 
Science;  Ask for your “expert” advice. 

*Term used for Bob Paine, Bill Murdock, Simon Levin, Fran James, Russ 
Lande and myself 
   



How to change mainstream 
biologists into “Radical 

Environmentalists*”.  
 2. Ignore your advice. 

 

*Term used for Bob Paine, Bill Murdock, Simon Levin, Fran James, Russ 
Lande and myself 
   

"We were trying to do an honest job and we were called 
radical environmentalists," said Ransom Myers, a fisheries 

biologist from Dalhousie University in Canada. "It was 
troubling to administrators we objected to the policy that 
habitat did not need to be protected. There was a clear 

implication if we continued to talk about policy, the group 
would be disbanded." 

LA Times, Kenneth Weiss (3/26/04) 



How to change mainstream 
biologists into “Radical 

Environmentalists*”.  
 3. Tell you that you are not qualified to 

speak about “policy” but only 
“science”. 

• Six of the world's leading experts on salmon ecology 
complained last month in the journal Science that fish 
produced in hatcheries cannot be  counted on to save 
wild salmon. The scientists had been asked by the 
federal government to comment on its salmon-
recovery program but said they were later told that 
some of their conclusions about hatchery fish were 
inappropriate for official government reports. 

 
 .  Washington Post, Blaine Harden (4/29/04) 



How to change mainstream 
biologists into “Radical 

Environmentalists*”.  
 4. Deep six (“censor”) your advice. 

 

*Term used for Bob Paine, Bill Murdock, Simon Levin, Fran James, Russ 
Lande and myself 
   



How to change mainstream 
biologists into “Radical 

Environmentalists*”.  
 5. In December, we contacted an editor 

(Andy Sugden) of Science with idea for 
“Policy Forum” to link with upcoming 
political/legal decision on March 31, 
2004.  

(Quick action absolutely essential) 
 

*Term used for Bob Paine, Bill Murdock, Simon Levin, Fran James, Russ 
Lande and myself 
   



How to change mainstream 
biologists into “Radical 

Environmentalists*”.  
 5. Write policy forum, working hard to 

achieve consensus amongst the six 
authors. Submit.  

*Term used for Bob Paine, Bill Murdock, Simon Levin, Fran James, Russ 
Lande and myself 
   



How to change mainstream 
biologists into “Radical 

Environmentalists*”.  
 6. Science accepts. Call Nancy. 

 

*Term used for Bob Paine, Bill Murdock, Simon Levin, Fran James, Russ 
Lande and myself 
   



How to change mainstream 
biologists into “Radical 

Environmentalists*”.  
 7. Prepare press release very carefully – 

this contains quotes that can be 
inserted into newspapers directly, and 
gives crucial background.  
 

*Term used for Bob Paine, Bill Murdock, Simon Levin, Fran James, Russ 
Lande and myself 
   



How to change mainstream 
biologists into “Radical 

Environmentalists*”.  
 8. Target critical press and contact them 

individually. Spend week before release 
during interviews with the press. 
 

*Term used for Bob Paine, Bill Murdock, Simon Levin, Fran James, Russ 
Lande and myself 
   



How to change mainstream 
biologists into “Radical 

Environmentalists*”.  
 9. The Radical Environmentalists publish 

in Science and incite a wave of media 
outrage. 
 

*Term used for Bob Paine, Bill Murdock, Simon Levin, Fran James, Russ 
Lande and myself 
   



                                                    
 









How to change mainstream 
biologists into “Radical 

Environmentalists*”.  
 10. More interviews, organize call with 

NGO’s. NGO’s get on board and push 
hard. 
 

*Term used for Bob Paine, Bill Murdock, Simon Levin, Fran James, Russ 
Lande and myself 
   



How to change mainstream 
biologists into “Radical 

Environmentalists*”.  
 11.  Governments true agenda is 

revealed. 
 

*Term used for Bob Paine, Bill Murdock, Simon Levin, Fran James, Russ 
Lande and myself 
   

Drafts of the administration's sweeping new hatchery 
policy leaked to the press show the government for 

the first time will consider the abundance of both 
artificially produced and wild fish when assessing the 

health of troubled salmon stocks.   

Seattle Times, Craig Welch (4/30/04) 





  

The lawyer who gave 
us the attempt to delist 
the Northern Spotter 
Owl is now trying to 
work his magic on 
Pacific Salmon; 
however, now he is in 
change of Endangered 
Species Legislation 
from within NOAA 
Fisheries (after 
launching a lawsuit 
against NOAA).  
  
 

                                            





How to change mainstream 
biologists into “Radical 

Environmentalists*”.  
 12. Work with congressional aides to get 

a congressional  letter to NOAA 
Fisheries.  
 

*Term used for Bob Paine, Bill Murdock, Simon Levin, Fran James, Russ 
Lande and myself 
   





Ram,  
 
I do think this is Act I, scene 1 in a very long-running passion play.   
 
 
It is entirely possible that in the end, even after litigation, many or most may 
stay listed, but that the really bad stuff happens in the recovery plans (RPAs), when 
you can just pump category 2 hatchery fish into the ESU system (at the 
same time that you may be allowing continued development or hydropower) and 
thereby prevent the entire hatchery/wild ESU from becoming extinct (even as 
hatchery fish become 80% of the ESU).  Remember, the new policy has as its goal 
prevention of the extinction of the ESU!! 

From “Deep Trout”, Email from a trusted political insider and ally.  

13. Be in the fight for the long haul – you rarely “win  
from one battle. 
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So what is the critical question? 
What is the critical parameter? 

• The rate of loss of fitness in the wild 
caused by domestication.  

• Loss of fitness = exp(-δ generations in 
hatchery) 
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There is always a rapid loss of fitness in the wild with hatcheries; after a few generations 
hatchery salmon may be useless for recovery.  



Can wild salmonid populations survive 
salmon aquaculture? 

Jennifer Ford and Ransom Myers   







Use paired comparisons. 

Source:  Cartoon Guide to Statistics, Larry Gonick & Woolcott Smith 



A simple model 

 
Si,t= Gi,t/Ri,t= exp (-( μ0+ μi+ μt+ F(θ,Pi,t)+ εi,t )) 
 
 i – River 

t – Smolt year 
S – Survival  
G – Grilse 
R – Smolts  
 
 

μ0 – Mean mortality 
μi – River mortality 
μt – Year mortality 
θ – Aquaculture effect 
Pi,t – Aquaculture production 
εi,t - error 
 
 



An example - Newfoundland 

• Used survival estimates from 4 rivers, 1986-
2001    

• Conne River salmon migrate past cages 
• Assumed effect of aquaculture to be 

proportional to square root of production 
• Estimated effect of aquaculture: e 1.08, a 

decrease in survival of 66% at highest volumes 
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Difference in percent survival between actual and modeled values. Average  
survival over the time period is 5%. Aquaculture begins in the Conne River  
in 1991 (blue arrow).  



Parameters are random variables 
All parameters are hierachical.  

 





Canadian  
Content 







Estimation of Depensation: 



















Source: Myers and Worm 2004.  
Proc. R. Soc. Lond. B (in press) 

msy 

There is much less than 10% of cod left -  





“One thing I’ll say for us, Myer - we never stooped 
to popularize science.” 

s 
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Danish Landings of Bluefin Tuna 
  Thunnus thynnus 

Data source: DIFRES, ICES, FAO 
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Landings of Bluefin Tuna 
  Thunnus thynnus in Northern Europe* 
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Landings of Bluefin Tuna 
  Thunnus thynnus in Northeast Atlantic 
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3: you can only catch one fish 

on a hook. 
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