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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
iIndependence.

o “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.



Keep Models As
Simple as Possible.

Link, MEPS. 2002.
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Fig. 1. Species and links of the northwes! Atlantic food web, This tangled "bird's nest’ represents interactions at the approximate
trophic level of each species, with increasing trophic level towards the top of the web. The left side of the web genemlly typifies
pelagic orgarisms, and the righl 1o middle represents more benthic/demersally oriented orgamisms. Red lines indicate predation
on fish. 1 = detritus, 2 = phyvtoplankion, 3 = Calanus sp., 4 = other copepods, 5 = ctenophores, & = chaelognatha [i.e. arrow worme),
7 = jellytish, 8 = euphasiids, 9 = Cramgon sp., 10 = mysids, 11 = pandalids, 12 = other decapods, 13 = gammarids, 14 = hyperiids, 15
= caprellids, 16 = isopods, 17 = pleropods, 158 = cumaceans, 19 = mantis shrimps, 20 = tunicates, 21 = porfera, 22 = cancer crabs, 23
= other crabs, 24 = lobster, 25 = hydroids, 26 = comls and ansmones, 27 = polychaetes, 28 = other worms, 29 = startish, 30 = britle
stars, 31 = sea cucumbers, 32 = scallops, 33 = clams and mussels, 34 = snails, 35 = urchins, 36 = sand lance, 37 = Atlantic herring,
A8 = alewife, 39 = Allanfic mackeral, 40 = butterfish, 41 = Ioligo, 42 = illex, 43 = pollock, 44 = silver hake, 45 = spotied hake, 46 =
white hake, 47 = rad hake, 48 = Allanlic cod, 49 = haddock, 50 = sea mwen, 51 = longhom sculping, 52 = litle skate, 53 = winter
skate, 54 = thomy skate, 55 = ooean pout, 56 = cusk, 57 = wolfish, 58 = cunner, 59 = sea robins, &) = redfish, 61 = yellowal floun-
der, 52 = windowpane flounder, 53 = summer flounder, 64 = witch flounder, 65 = four-spot flounder, 66 = winter flounder, 657 =
American plaice, 68 = American halibul, 69 = smooth dogfish, 70 = spiny dogfish, 71 = goosefish, 72 = wealktfish, 73 = bluefish, 74 =
balzen whales, 75 = loothed whales and porpoises, 76 = seals, 7% = migratory scombrids, 78 = migratory sharks, 79 = migratory
hillfish, 80 = birds, 81 = humans



All parameters are random variables.
All problems are related hierachically.
Problems are formulated so that the parameters can be combined.
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A meta-analytic approach Is required

e Information combined
over multiple pathways

e Optimal parameter
estimation for data-poor
pathways

e Population-level
behavior inferred



















Credible limits on predictions




Meta-analysis of pathways

e Need to combine information over many
iIndividual tracks

e We allow parameters of the vector (y)
describing behavior to be random
variables:

Vi~ N(,U,UZ)



Improved parameter estimation
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Multiple tests for robustnesés

TNB
NB - all data

NB - vessels recorded species once
NB - vessels recorded species every year

DL - all data
DL - vessels recorded species once
‘ —— DL-wvessels recorded species every year
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Argos: Location errors non-Normal
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Robust methods are required
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Normal model

45 T

44

43

42

41

-66 -64 -62 -60



Robust Model (Mixture model)




Loss of sharks in
the Gulf of Mexico

300

Repeat analysis using
all other independent data

Oceanic Whitetip captures per 10,000 hooks

Baum and Myers, 2004 Ecology Letters




Plot to reveal truth.
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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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Change in body size
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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.q.
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)).

82 80 T8 76 74 72 70 g2 20 78 % 74 72 70

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



Government science was consistently wrong, and there was
no effective voice from universities.
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Biomass Estimate (Milhons of Kilograms)
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How to carry our a grossly
Incompetent assessment: get a
useless opinion from someone who
has not read the paper.

e “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—Gelisz, 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

aaE DALHOUSIE
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Life history of sharks...
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Hammerhead sharks

Sphyrna spp.
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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 6 iIs a one-parameter
exponential family of distributions

Base model

Main effects: area, season, light sticks,
temperature and year

Interactions: area*season, area*light



Results
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Hammerhead sharks

Sphyrna lewini
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Results
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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



Estimated annual percent change

10 -
15
.20 -

-25

=10 A
=15 4

-2@ .

TNB
NB - all data

NB - vessels recorded species once

MB - vessels recorded species every year
DL - all data

DL - vessels recorded species once

r—— DL-vessels recorded species every year

i
tn
1

25 -

>

ot
—BF—
——
S —
-
——




Annual Pelagic Longline Fishing Effort
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Loss of sharks in the Gulf of

MeXIco

300 fold_de

" 71990

Oceanic Whitetip captures per 10,000 hooks

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.

e “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—Gelisz, 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

Newspaper reports of sharks in Croatia
model to crazy Paper Tep

data can yield 5 -
reliable, and very
powerful

conclusions
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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.

Scyliorhinus canicula
Squatina aculeata
Scyliorhinus steflaris
Squalus blainvilles
Raja clavata
Mustelus aslerias
Torpedo marmorata
Musteius musielus
Myliobatis aquila
Raja asterias

Levicoraja circularis

Cenfrophorus granulosus

Galeus melastomus

Dipturus batis |

Dipturus oxyrinchus
Chimaera monstrosa
Galeorhinus galeus
Oxynotus centrina
Leucoraja melitensis
Haja miraletus
Leucoraja naevus
Torpedo nobifiana
Etmopterus spinax
Seymnorphinus ficha
Haja microocellata
Raja raduia
Hexanchus griseus

Torpedo forpedo

Change in Gulf of Lion {assuming generation = 10 years)

0.001 0.01 0.1 1 10 100
Change over 3 generations



Catch per year

12—

11—

10—

Decline of Mako
sharks

1950

1955

1965 1970 1974

Boero F. & A. Carli 1979 — Boll. Mus. Ist. Biol. Univ. Genoa (47)



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



Reported Sharks

Newspaper reports of sharks in Croatia
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POLICY FORUM
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Hatcheries and
Endangered Salmon

Ransom A. Myers," Simon A Levin,® Russell Lande *
Frances C. James,* Willlam W. Murdech,® Robart T, Paine®

he role of hatcheries in restoring
TI.||.'n.J[Ln|.|J atd endangered popula-

tions of salmon 1o sustainable levels
15 one of the most comtroversial issees m
applied ecology (7L The central issue has
bean whether such hatcheries can work, or
whether, instead, they may nctually harm
wild populatons {2, Jp A new aiwl over-
riding issue, however, has
arescmn le.'ill.l!il.' (Irﬂ L'\.".'L'l.'ll.]l.l'
dicial decision,

U 10 Seplembser 20000,
LS. Distnet Court Judge
Michael Hogan revoked the
listing, Fry the Mational Marine
Fisherwes Servece (MMFS) of
all Oregon coast coba salmon
uriber the Endangened Species
Act {4}, He nuled that. if hatch-
ery figh were incloded in the
same distinet popalation sep-
ment s the wild Tsh with
which they are genstically as-
aociated, then they must be
listed together, This approach
aould have devastaling consequences: Wild
salmion could decline or go extinct while an-
Iy bstchery fish persist. Petiions ane oow
peniding 1o delist 15 other evalutionarily sip-
nalbcant unals (ESUs) (5).

Am ESL is defined as a genetically dis-
luiscl Seprmeiml af a speces, with an evalu-
tionary history and future largely separate
from aaber ESUs (). For taxonomic pur-
poses, one could use genetic similarity to
clasanly hatchery figh as part of the ESU
from which they were derived. However,
fior assessng ESU extinetion risk and'or
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Falifms, Moes Scotis, Carade B3H 4]1: ransom -
ars@dalea ‘Depanment of Ecslogy and Evalitionary
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Biclogical  Science,  Floride  State  University,
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G106, USA: murdochi®lifesciucsh eda *Department
of Balogy, University of Washington, Seatth, Wa
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26 MARCH 2004 V0L 3203

potential listing under the Endangersd
Speces Act, includimg batchery Nsh m an
ESLI confounds risk of extinction in the
wild with ease of caplive propag 1 and
ignores important biolegical differences
between wild and hatchery (ish.

W define “hatchery fish™ as fish fertil-
iz ane'or grown artiNelally i a produe-
tion of conservation hatch-
ery.  Inevitably, latchery
brood stock show domestica-
ton effects, genetic adapla-
tions to hatchery environ-
menls that are generally mal-
aifapiive in the wild. Hatch-
ery Tish usually have poos
survival in the wild and al-
tered morphology, migration,
anmd feeding behavior (7). On
release, h.ll.{lla.r} figh, whech
are typically larger, compete
with wild Diah (1), Their kigh
local abundance may mask
habalat degradation, enhancs
predator populations, and al-
liny I'n]u.'r_-; cAp|-:||Iu1un| s increase, with
concamitant mortality of wikd fish {7, 51
The abzence of imprinting te the natal
stream leads to greater straying rates, and
that spreads genes mod adapted locally ()
Alse, hybrids have peor viability, which
may lake Two generalions Ly be detected | V).

Interagency draft criterin {10 describe
hatchery ish most appropeiate for doclu-
sion in an ESLI as thoss founded within
tweer generatsems or those that had regular
infusions of fish from the wild population
Hevarevier, Nish grown m katcheries for even
twe generations may e assist population
recovery; their rate of survival in the wild
is much lower than that of wild fish {17
Regulasly mfusmg hatchery stocks with
natural fish m » be a drain on the nat-
ural syatem. Hemes, even these hatchery
fish should not be included in an ESLUL
even i they are indistinguishable a the
quasi-newtral malecular genetic loci fypi-
cally used o ddentify an ESLL

Much evidence exists that hatcherics can-
nol mamtin wild slmon populations indel-
initzly (7). In the irmer Bay of Fumdy in

SCIENCE

Eastern Carsda, hatchery supplesentation
of Atlantic salmon occurred for more than a
century (£} Despite tle longevity of this
program, it failed 1o maintain viahle natural
populations, Hateheries effectvely disguised
lemg-term problems, which probably con-
irbuted o e e |_'11|:rjx|Iiu|l of native
Atlantic salmon. Moreover, o8 recommiended
by the Workd Conservation Uikon (IUCN),
lomg-term refiance on artificial propogation
is mprudent, because of the imposibiliny of
its mairtenance in perpetuity {15

.“.|I:||.<|I.|g|1 therr effectiveness las not
been shown {/4), conservation hatcherics
may play a role i futere salmen recovery.
However, to mwid the dysgenic effiects of
domestication, even conservation hatcher-
ies should be strictly tempoerary and should
nol prevent proleclion af wild pupu]u[iu:lx
under the Endangersd Species Act.

Tor sddress one of the subsidiary law-
snits, MMFS has pledped to complete o re-
view of eight ESUs by 31 March 2004
MMFS should continues o pursue its current
recovery goal of establishing self-sustain-
ing, naturally spawning populations. The
danger of including hatchery fish as part of
any ESLis that it opens the Jegal door to
the posatbality of manvansing a stock solely
through  hatcheries, However, hatcheries
penerally redwes current Titness and mhibit
future adaptation of natural populations
Hence, the ll;gu| deliniton of an ESU
be unambiguons and must reinforce what is
known biolegically. Hatchery fish should
not be included as part of an ESLL
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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. lgnore your advice.

"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)

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



How to change mainstream
biologists into “Radical

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

speak about “policy” but only
“sclence’.

o 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
iInappropriate 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*”.

/. 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
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AP Associated Press

Scientists criticize government over salmon rules

March 26, 2004
Gene Johnson

SEATTLE -- Scientists appointed by the government to review salmon- recovery efforts are lashing
out at federal court ralings that require both wild and hatchery-raised fish to be counted when
determining whether a species 1s threatened.

[n an editorial being published in Friday's edition of the journal Science, the six scientists also
criticized the National Marine Fisheries Service, saving the agency must do more to protect wild
zalmon.

"One hundred years of hatcheries have not brought back wild Atlantic salmon to Maine,” lead author
Ransom Myers, a fisheries biologist at Dalhousie University in Mova Scotia, said in a news release
Thursday. "Once we lose the wild populations of salmon and the natural habitats that support them, we
will never get them back."”

Al issue is a debate over whether hatchery-raised salmon help or hinder salmon conservation efforts,
The hatchery fGsh are generally bigger than their wild counterparts, and thus can compete more casily
for food upon release, but in the long run, their instincts are worse. They die at much higher rates than
wild fish, so their survival as a species is less likely, the scientists wrote.

In castern Canada, the scientists wrote, "Hatcheries effectively disguised long-term problems.”

But in 2001, U5, District Judge Michael Hogan of Eugene, Ore., ruled that the fisheries service could
not give Endangered Species Act protection just to wild fish if it had previously lumped hatchery fish
into the same population - which the fisheries service does. [t counts both hatchery and wild fish in its
“evolutionarily significant units” of salmon, because the wild and hatchery fish in those units are
genetically indistinet.

Last month, the 9th U5, Circuit Court of Appeals dismissed an environmental group's appeal of that
ruling, eftectively dissolving the threatened species listing for coho salmon off the Oregon coast and
prompting similar lawsuits challenging salmon listings elsewhere in Oregon, California and
Washington. The fisheries service is reviewing its policy on protecting wild fish.

The six scientists - Simon A. Levin of Princeton University, Robert Paine of the University of
Washington, Russell Lande of the University of California at San Dnego, Frances James of Florida
State University, William Murdoch of UC-Santa Barbara, and Myers - were hired more than two years
ago by the Mational Oceanic and Atmospheric Administration's Northwest Fisheries Science Center, at
a rate of $800 each per day.
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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.

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)

*Term used for Bob Paine, Bill Murdock, Simon Levin, Fran James, Russ
Lande and myself
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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
lJaunching a lawsuit
against NOAA).




Ehe New YJork Eimes

Saving Wild Salmon
May 15, 2004, Saturday
Editorial Desk

One of the great virtues of the Endangered Species Act -- and the main reason for the bitter
oppasition the act has engendered over the years — is that in the interests of saving species, it
reguires the protection of the habitats where the species live. That vsually means constraining
human behavior in ways that help preserve a healthier environment all around. Humans
themselves often come to appreciate that intervention, though not alwavs. In the case of wild
salmon, for instance, commercial interests have long resented the restrictions on logging,
farming and development necessary to protect the fragile watersheds where salmon spawn.

The Bush admimstration has now found a novel way around these inconveniences: a new policy
on counting fish. Its practical effect would be to eliminate the distinction between wild salmon
and hatchery salmon, which can be churned out by the millions. This sleight of hand would
instantly make wild salmon populations look healthier than they actuallv are, giving the
government a green light to lift legal protections for more than two dozen endangered salmon
species as well as the restrictions on commerce that developers and other members of President
Bush's constituency find so annoying.

Policy makers at the Mational Marine Fisheries Service say they are merely obeving a federal
Judge who was unhappy with the way the government distinguished between wild and hatchery
fish. But in drawing up the new policy, the service ignored the scientists who urged that the
protections remain in place. It relied instead on a Washington-based political team whose key
player was Mark Rutzick, a former timber industry lawver.

Such a step may be good politics for the Bush administration, But it is bad science and bad news
for wild salmon. Hatcherv-rassed fish represent a narrowing of the genetic diversity present in
wild runs of salmon, and are makeshift at best. Few scientists believe that hatchery-raised fish
can make a serious and lasting contribution to protecting wild salmon runs, which have been
crashing under the pressures created by habitat destruction im the coastal streams where they
breed. Indeed, this new policy has nothing to do with protecting salmon. [is only purpose is to
circumvent the Endangered Species Act, without whose protections the wild runs will almost
surely vanish.




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
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in hatchery tanks, a move that
environmentalists said could
harm wild stocks.

The prapasal, which will be submitted to

the sciamtific community and public for

comment, could potentialy lead o some

species baing taken off the Endangerad
| Specles Act st

1 Originally, the Bugh administration leaned

\ toward immediate removal of some

| species off the endangered list. It did not
taka that step and in fact proposed the
additian af 27 new specias 1o the list

Dezpite the apparent compromise,
hawever, 8 local envirenment group said
that the newly proposed palley and its
application could lead to delistings further

dawn the road and also harm the gensatic
health of wild salmon species.

“Salmon have, at east tempararily,
dodged a bullet,” said Jan Hasselrman,
Saattle counsel for the Naticnal Wildife
Federation, "The real guestion is whether
this policy leads to a weaker application
of the endangered species or delisting of
salman that have not really recoverad.”

Moreover, scientists say that using
hatcheries to supplement wild salrmon
populations could harm wild species by
Intraducing genes that make |t harder far
them to survive in the wild.

Advocates of the original plan also lashed

-

Federal officials drapped rules fo count
hatchery salmon with wild populations,
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13. Be In the fight for the long haul — you rarely “wir
from one battle.

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

Ram,

| 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!!
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So what is the critical question?
What Is the critical parameter?

e The rate of loss of fithess In the wild
caused by domestication.

* Loss of fithess = exp(-0 generations in
hatchery)



There is always a rapid loss of fitness in the wild with hatcheries; after a few generations
hatchery salmon may be useless for recovery.
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Can wild salmonid populations survive
salmon aquaculture?

Jennifer Ford and Ransom Myers



(Sauucy) uononpold aimnoenbe oL |ES 20U QY ULOp

000009 00000 00000&
| | |

v

2]

=3

!

5

o

Morth Atlantic salmon catch

F 3
&

Maorth Atlantic farm production

[ I I I I I
000FlL 000ZL 0000l 000% 0009  000F

(S2UU0]) Y2120 UOLL[ES JIUR[IY YLOp

I
000g

0

2000

1990

1980

1970

1960

Year



Tonnes

100000 120000

20000 40000 60000 80000

0

e

o

i
BC salmon catch J
B salmon farm production ., S
I T I I I
1960 1970 1980 1940 2000

Year




Use paired comparisons.

-
A PAIRCD COMPARISON EXPERIMENT 15 OME OF THE MOST EFFECTIVE way's TO )
REPUCE MATURAL VARIABILITY WHILE LOMPARING TREATMENTS, FOR EMMFLE, 1N
COMPARING WMAND CREAMS, THE TWO BRANDS ARE RAMDOMLY ASSIGNED TO

BACH SUBJELT'S RIGHT OR LEFT HANDS. THIS ELIMINATES YARMBILITY DUE TO
SKIN PIFFERENCES.

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




A simple model

Si= Gi/R; = exp (-( ho+ pi+ ut+ F(O,P, )+ &)

| — River

t — Smolt year
S — Survival
G — Grilse

R — Smolts

Uo— Mean mortality

u; — River mortality

U, — Year mortality

6 — Aquaculture effect

P;.— Aquaculture production
& (- 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 198, a
decrease in survival of 66% at highest volumes



Northeast River

Campbell River

Conne River

Western River

I I I T
1985 1990 |_| 1995 2000
] ) ) Year
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).

Difference in percent survival between actual and modelled values



Parameters are random variables
All parameters are hierachical.



R (number of female smolts per kilometre of river)
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Recruitment

Beverton Holt

Hockey stick
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Estimation of Depensation:

Big Beef Ck, WA
Bingham Ck, WA

Black Creek, BC
Carnation Creek, BC
Deer Creek, OR
Deschutes River, WA
Flynn Creek, CR
Hooknose Creek, BC
Hunt's Creek, BC

Needle Branch Creek, OR
Nile Creek, BC

Qualicum River, BC

S. Fk. Skykomish River, WA
Snow Creek, WA

mixed model mean (with Cl)

mixed model estimated
random effects distribution
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Probability Density
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Chum Salmon
n=7

Brook Trout
n=>5

1 1

P ERaRimm

PR ERET1RTrn

Pink Salmon
n=52 4

Sockeye Salmon
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Log Maximum Annual Reproductive Rate




Probability Density
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Log Maximum Annual Reproductive Rate
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Northern anchovy
Anadromous american shad
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Anadromous alewife
Anchovy

Atlantic salmon
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Bigeye Tuna
Freshwater brook trout
Blue whiting
Chinook salmon
Chum salmon

Cod

Greenland halibut
Haddock

Herring

Mackerel

Horse mackerel
New Zealand snapper
Pacific ocean perch
Pike

Pink salmon

Plaice

Pollock or saithe
Sardine

Silver hake

Sockeye salmon
Sole

Sprat

Walleye

Whiting

Walleye pollock
Yellowtail flounder

Log Maximum Lifetime Reproductive Rate

| T T T T T T 1 T 11 lll|l||||||||||||l|l|l||l|||1Tl1Tl'l1111Tl'l111lT[llTll1lllﬂ1lll||_
1 20 40 60 80



b)

Northern anchovy
Anadromous american shad
Atka mackerel

Ayu

Bombay duck

Black anglerfish

Atlantic bluefin tuna
Chilipepper rockfish

Chub mackerel

Flounder

Gold-spotted grenadier anchovy
Hake

Lake trout

Mediterranean horse mackerel
Atlantic Menhaden

Gulf Menhaden

Pacific hake

Redfish

Red Snapper

Sablefish

Spanish sardine

Southern bluefin tuna

Scup

Striped bass

Swordfish

White croaker

Yellowfin tuna

Log Maximum Lifetime Reproductive Rate

-1 0 1 2 3 4 5
| 1 | ] 1 I ]
| T T T T T U T T T T U T[T eay e —

1 20 40 80 140



St. Pierre Bank

Labrador and N.E. Newfoundland
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no fishing mortality (tonnes/km”2)

Labrador and N.E. Newfoundland
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msy

0.001 0.01 0.1

Proportion of virgin biomass

There 1s much less than 10% of cod left -

Region

Labrador and Mortheast Newfoundland
Southem Grand Banks
Northermn Gulf of St. Lawrence
St. Pierre Bank

Southem Gulf of St. Lawrence
Eastemn Scotian Shelf
Southwest Scotian Shelf

Gulf of Maine

Georges Bank

Western Baltic

Central Baltic

Celtic Sea

Faroe Flateau

leeland

Irish Sea

Kattegatt

Mortheast Arctic

Morth Sea

Skagerrak

Eastemn English Channel
West of Scotland

Source: Myers and Worm 2004.
Proc. R. Soc. Lond. B (in press)
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“One thing I’ll say for us, Myers- we never stooped
to popularize science.”
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Steepness, h (+/- approximate delta-method SEs)
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