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1524 Mahon Avenue
North Vancouver BC

CANADA V7M 2S5
12 December 2007

Dr. Donald Kennedy, Editor-In-Chief, Science
American Association for the Advancement of Science (AAAS)
1200 New York Avenue NW
Washington, DC 20005

Dr. Kennedy,

RE: Declining Wild Salmon Populations in Relation to Parasites from Farm 
Salmon, Krkosek, M., J.S. Ford, A. Morton, S. Lele, R.A Myers and M.A. Lewis.

I am writing to express my concerns and opinions in relation to the above-mentioned paper.
According to information at http://www.unb.ca/bid/bid.php?title=publications, this paper
has apparently been accepted by Science. I have attempted to correspond with
Dr. Mark Lewis but received no reply.  I am therefore writing this open letter to you.

By way of background, please find attached my open letter of 15 October 2007 to
Dr. David Suzuki. The David Suzuki Foundation has funded and publicized sea lice research
conducted by the Centre for Mathematical Biology at the University of Alberta, in Edmonton.

This research has been both praised and criticized. Several scientists who have praised           
this research are funded by the same American foundations that funded this sea lice research
and its publicity. One of these foundations also funded the Hites et al. (2004)1 study of
contaminants in farmed and "wild" salmon, also published in Science, and its publicity.

The Association of Aquatic Veterinarians of British Columbia has described the sea lice
research of Krkosek, Lewis and Volpe (2005)2 as "too simplistic in its approach and
therefore potentially seriously misleading in its conclusions." According to the aquatic
veterinarians, the conclusions are "too sweeping and not supported."3

Conclusions that "farm-origin" sea lice cause high levels of juvenile wild salmon mortality are
not warranted by the actual research findings:

o Many species of wild fish are known to carry sea lice, including herring and sticklebacks.4

A method to determine the origin of sea lice does not exist.  It is impossible to tell whether
sea lice on wild salmon originated from salmon farms or from other wild fish. And yet, the title
of the manuscript apparently accepted by Science mentions "parasites from farm salmon."

o Krkosek et al. have drawn conclusions about sea lice from salmon farms in the absence
of any data on sea lice levels at the farms. "It is bizarre in the extreme to make conclusions
on the transmission of sea lice from farm to wild salmon without including any information
on the infection status of the farm involved at the time of study,"5  notes Dr. Alistair McVicar.

o Krkosek et al. (2006)6 conclude, "Farm-origin lice induced 9 - 95 per cent mortality" in juvenile
wild salmon.  In reporting a causal link, the first author contradicts himself.  As recorded in the
Hansard, Mr. Krkosek admitted to a Special Committee of the Legislative Assembly of
British Columbia that the data is "all correlative".7  Correlation is not evidence of causality.

A careful reading of Krkosek et al. (2006) finds that their own work estimated that                   
78% of pink salmon and 91% of  chum "SURVIVED parasitism from farm-origin lice"             
in one of their study areas (Knight Inlet).  Krkosek et al. have widely publicized their invalid
estimates of high wild salmon mortality, but not their own estimates of high survival.



2

Salmon Aquaculture

To equate salmon farming with salmon aquaculture is erroneous. The fact is, there are
two  approaches to salmon aquaculture in the Pacific:  farming and ocean-ranching.
Each year, more than 5 billion hatchery-born salmon are ranched in the Pacific Ocean by
Japan, Russia, Alaska, British Columbia and Washington.8  In 2006, 48 million (38 per cent)
of the 142 million Alaskan "wild" salmon caught in commercial fisheries were ranched.9              
No discussion of salmon aquaculture is objective and comprehensive without discussion
of the pros and cons of both farming and ocean-ranching.

From my previous point, it follows that the notion of a dichotomy between wild and farmed
salmon, is false-premised. There are three types of salmon:  wild, farmed and ranched.          
The fact is, nearly 2 of every five so-called Alaskan "wild" salmon are ranched salmon,
born in a bucket, fed pellets and raised in a net pen for up to half their lives.

In ranching, feed pellets are wasted because 95 per cent of the ranched salmon are never
harvested. They die at sea. But before they die, the 5 billion ranched salmon consume an
estimated 11 million MT of wild feed.10  This wild feed is then not available for wild fish.

Farming avoids interbreeding between ranched and wild salmon and the weakening of
the genetic biodiversity of wild salmon.11,12  Farming also avoids the risks associated with
the commercial fishery:  over-fishing, the killing of endangered species of wild salmon,
gear impacts, and by-catch. 'Ghost nets' lost by commercial fishermen may kill an estimated
545 white sturgeon annually in the Columbia River alone.13

An "antifarming campaign" with "integration of aquaculture science messages"

In 2005, sea lice research by Krkosek, Lewis and Volpe was publicized in partnership with
SeaWeb14 at the time that SeaWeb was funded to co-ordinate an "antifarming campaign"
involving "integration of aquaculture science messages,"  "earned media" and
"co-ordination of media for antifarming ENGOs" (environmental organizations).  This
"antifarming campaign" was part of the $190 million Wild Salmon Ecosystems Initiative
of the Gordon and Betty Moore Foundation.

In 2006, The Centre for Mathematical Biology reported to the University of Alberta that
SeaWeb is one of its "research partners."15 The Centre did not list SeaWeb in the
acknowledgements of its scientific paper published six days later.  The Centre also reported
to the University of Alberta that SeaWeb's publicity of the sea lice research in British Columbia
generated 148 media stories: 102 in the United States, 28 in Canada and 18 in other countries.   

According to the 2005 990-PF submitted to the U.S. Internal Revenue Service, the purpose of
the grant from the Moore Foundation to SeaWeb for the "antifarming campaign" was              
"to provide a high quality tool-kit and co-ordination infrastructure for use by ENGOs in their
campaigns to shift consumer and retailer demand away from farmed salmon.16

The David Suzuki Foundation and other environmental groups are shifting consumer and
retailer demand away by urging restaurants and chefs to "go farmed salmon free" and through
their "Smarten Up Safeway" campaign.  For example, their ad in the New York Times on 24
June 2007 said, "Salmon farms create massive sea lice infestations that kill baby wild
salmon!"17  SeaWeb says, "even a single louse can spell disaster."18  SeaWeb extensively
promotes Alaskan "wild" salmon while demarketing farmed salmon.19,20,21

Not only Krkosek et al. (2006) did not disclose their "research partnership" with SeaWeb,
they also did not disclose that they received funding from a commercial fishing company
that employs approximately 100 commercial fishermen, Finest At Sea Ocean Products.22  
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The Alaskan Context

“If Alaska insists on pursuing salmon aquaculture and minimizing harm to wild salmon,
it would ban salmon ranching and allow salmon farming, albeit under much stricter standards
than now prevail throughout the Northwest,"  wrote Jan Konigsberg  in 2004. Konigsberg is a
former Alaskan director of the Salmonid Biodiversity Program of Trout Unlimited. "Instead, in
the face of devastating competition from farmed salmon, the state and the industry have
increased hatchery production.  At the same time, the state and industry disparage salmon
farming as part and parcel of a marketing strategy to differentiate “sustainable” wild salmon
from “unsustainable” farmed salmon.  This strategy, sad to say, rests on the deceit that all
Alaskan salmon are wild and sustainably managed.”23

Facing stiff competition from farmed salmon and many other serious challenges, the value             
of Alaskan "wild" salmon collapsed from about $1.2 billion (1988) to $168 million (2002).24                
In 2003, former Governor Frank Murkowski initiated a $50 million salmon industry revitalization
program and a "new marketing strategy" to change consumer perceptions.25

Central to the brand marketing strategy for Alaskan salmon is to depict ranched salmon as wild
or "wild-caught" and to differentiate "wild" salmon from farmed salmon.  Environmental groups
and associated researchers facilitate product differentiation by depicting farmed salmon as
environmentally unsustainable and unsafe (eg. the publicity of Hites et al., 2004).  Since
2003, the value of Alaskan "wild" salmon has more than doubled to $380 million.26 The
publicity of Hites et al. (2004) has been described by business analysts as the "turning point"
for the Alaskan wild salmon industry.27,28

The Alaska Seafood Marketing Institute (ASMI) has acknowledged working with environmental
organizations and "lots of private foundation money."29  When asked why ASMI doesn't bash
farmed fish, the Executive Director once said, "it is far more credible to leave the attack to third
parties, such as environmental groups and newspaper columnists, than it is for us to come out
and do it ourselves."30

SeaWeb has apparently been granted $4,343,00031 from the Pew Charitable Trusts and
$9,230,55632 from the David and Lucille Packard Foundation. Since 1997, The Packard Foundation
has also granted $345,731,98433 to the Monterey Bay Aquarium which extensively promotes
Alaskan "wild" salmon while vehemently demarketing farmed salmon.  "Farmed fish are not the
answer," say the aquarium's gift cards.  I notice that the President and CEO of the Monterey Bay
Aquarium, Dr. Marcia McNutt,34 is one of the 8 members of the Senior Editorial Board of Science.35

In 2004, the Executive Director of the Pacific Coast Federation of Fishermen's Associations
wrote, "A lot of folks can take credit for the improved market for wild salmon, from the California
Salmon Council and the Alaska Seafood Marketing Institute, to the chefs that revolted at
serving farmed salmon, but the programs Packard helped fund played a big part in boosting our
markets and no one in our industry should ever forget that."36

I trust that you will take this information into consideration.

I am available to answer questions and provide further information.  I can reached at
604.984.4210 (home) or 604.219.5905 (cell) or at vivian.krause@mac.com

Sincerely,

Vivian Krause
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c.c.  Mr. M. Krkosek and Dr. M. Lewis, The Centre for Mathematical Biology, University of Alberta.
Dr. Carl Armhein, Provost and Vice-President (Research), The University of Alberta
Dr. David Suzuki, Founder, The David Suzuki Foundation
Mr. James Hoggan, Chair of the Board of the David Suzuki Foundation
Ms. Pamela Parker, Executive Director, The B.C. Pacific Salmon Forum
Ms. Dawn Martin, Executive Director, SeaWeb
Ms. Barbara Wright, General Counsel, The David and Lucille Packard Foundation.
Dr. Ed Penhoet, President, The Gordon and Betty Moore Foundation
Mr. Richard Harry, Executive Director, The Aboriginal Aquaculture Association
Mr. Odd Grydeland, Acting Exective Director, The B.C. Salmon Farmers Association
Mr. Patrick Marshall, Executive Director, Ocean Industries B.C..
Mayor Gerry Furney, Port McNeill, B.C.
Members of the Former Special Committee on Sustainable Aquaculture of the Legislature of B.C.
The Honourable Pat Bell, Minister for Agriculture and Lands, British Columbia
Mr. Rafael Puga, President, Salmon of the Americas
Mr. John Connelly, President, The National Fisheries Institute
Members of the Senior Editorial Board of Science
Dr. Alan I. Leshner, CEO of the American Association for the Advancement of Science

Please see the attached note, "Sea Lice Research by Krkosek et al.:
Serious Flaws Noted by Experts." 4 pages.
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Sea Lice Research by Krkosek et al.:
Serious Flaws Noted by Experts

According to Brooks (2005), the conclusion from the Krkosek et al. (2005) sea lice research
"does not appear plausible and is likely a result of the way in which the data was analyzed."37

Dr. Alistair McVicar indicates "the error bars would suggest that there are no significant
differences between most of the samples and that the differences being claimed are not real."

The main shortcomings noted by experts are summarized below.

1. Important information not mentioned by Krkosek et al. (2005, 2006):

o Margolis and Arthur (1979) and McDonald and Margolis (1995) report that                                   
44 types of wild fish are hosts to sea lice found in British Columbia.                 
Jones et al. (2006) found that sticklebacks appear to serve as a temporary host year
round for both species of sea louse (L. Salmonis and C. Clemensi).38

o Juvenile wild salmon mortality is naturally very high.  In the 1960s, long before salmon
farming, studies found that 59 to 77 per cent of juvenile wild pink salmon die within
the first 40 days in the marine environment.39

o Wild pink salmon populations are known to fluctuate. In Alaska - where there are no
salmon farms - the 2006 return of wild pink salmon was less than 10% of the average,
the lowest pink return since 1975.40,41

o Beamish et al. (2006),42 noting the exceptionally high 2004 marine survival of wild pink
salmon (estimated at 34 per cent), suggests that it is possible to have sustainable wild
and farmed salmon in a common ecosystem.  The record high returns of wild pink
salmon in 2000 and the exceptionally high 2004 survival (34%) would not have
occurred if sea lice from salmon farms were killing "up to 95%" of juvenile wild salmon.

Incorrect citation of previously published papers has also been noted by McVicar and Brooks
(2005).  Krkosek, Lewis and Volpe (2005), suggest that certain studies found that salmon
farms transmit sea lice to wild salmon. In fact, these studies suggested that sea lice on wild
salmon probably originated from other wild fish.

2. Baseline sea lice and salinity not adequately measured

o McVicar suggests, "the failure to sample for approximately 20-60 km of the migration
routes“ and  to only take salinity data from around farm "A" raises questions as to why this
decision was made and whether gaps in data,  particularly salinity in relation to onset of
infection, may have  affected results."3

o Brooks (2006) suggests, "Krkosek et al. … ignore environmental factors operative                  
in the Broughton Archipelago such as salinity and currents that affect the development                  
and dispersion of sea lice. These factors vary seasonally and by area. The result                    
is that it appears that they have determined background sea lice presence in areas         
where salinity was too low to support the parasite leading them to conclude that                     
the increased infection rates observed as their sampling progressed into the               
archipelago were associated with the presence of salmon farms rather than              
increasing salinity and increased marine residence time of the fry."
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3. Inadequate identification of the species of lice

o The Association of Aquatic Veterinarians of British Columbia noted, "The model does
not differentiate the lice species being counted except for the gravid female stage.
Lepeoptheirus and Caligus species have different biology, ecology and pathology
and the species effects must be separated whereas in this paper the lice species
are combined together.  This is a serious flaw in the study.

o "Krkosek et al. (2005) did not speciate the lice counted on pink and chum salmon
and therefore, it is not possible to determine if they were shed from salmonids or
from any of the other numerous hosts in the area,"  notes Brooks (2006).

4. Publicly available data on sea lice levels missed or ignored

o "The data presented in the report by Krkosek et al. (the 2005 paper) is particularly
weak and highly relevant publicly available data on sea lice in salmon farms and wild
salmonids in B.C. have either been missed or ignored… All relevant available
information should be taken into account and the failure to use data not supporting
a particular case is contrary to a scientific study seeking the truth,"  notes McVicar.

o "Krkosek et al. (2006) have not included a review of sea lice census data collected
on the farms included in their study and consideration of the data would have
undoubtedly altered their major conclusions," concludes Brooks (2006). "….the
authors’ failed to review or acknowledge the work of numerous scientists in British
Columbia who have collected and analyzed larger data sets.  A review of these
other results and a better understanding of the principles of epizootiology and the
biology of both sea lice and pink salmon would have revealed serious flaws in
their assertions."

o "The compelling consistency in the patterns of lice infection, that is the foundation
for their analysis, is not evident however in data obtained independently from
extensive surveys conducted by DFO in the same areas and during the same time
periods," reported Fisheries and Oceans Canada (DFO) to a Special Committee on
Sustainable Aquaculture the Legislature of British Columbia.43

5. Apparently current data for the study area was incorrectly interpreted

o Brooks (2005) suggests, "Krkosek et al., (2005) … did not consider either the magnitude
or direction of local currents in the area of Doctor Islets and assumed that larvae released
from the farm were carried north into Tribune Channel.  Long-term current meter data
from Doctor Islets indicates that the net current vector is to the west, which is consistent
with the report of Stucchi et al. (2005).  There was a new year-class of Atlantic salmon
at the Humphrey Rocks salmon farm located in Tribune Channel north of Doctor Islets
(Figure 1), but no gravid females were observed there until October of 2003 and
the source of the observed pink salmon infections in this area of  Tribune Channel
was most probably wild hosts."
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6. Apparent failure to note that a salmon farm studied had no fish

o Brooks (2005) states, "Based on the peak infection rate observed adjacent to Doctor Islets,
the authors concluded that the source of the infective copepodids was the farmed salmon.
Doctor islets was being harvested in the spring of 2003 and it was fallow on and after May
19, 2003,  Therefore, there were no farmed fish containing gravid sea lice in this area
during their final sample period when Krkosek et al. (2005) again reported peak abundance
adjacent to the farm."44

7. Apparent lack of Adequate Quality Assurance In The Data Collection

Brooks (2006) suggests:

o "Sea lice on the fry were generally enumerated without regard to species and then    
returned to the sea offering no opportunity for independent (blind) verification of the results.
No quality assurance procedures are described to ensure the accuracy of the counts."

o "Subsampling with dip nets from beach seines likely includes more compromised fry         
and fewer healthy fry resulting in a non-random sample. It is not appropriate to infer
population parameters from samples that cannot be verified to be true random samples."

o "Without adequate quality assurance to demonstrate that subsampling beach seines
with dip nets does not produce a biased sample containing weak fry that are
predisposed to sea lice infections, one cannot assume that the Krkosek et al. (2006)
study represents a random sample and therefore, one cannot draw any conclusions
with respect to sea lice infections in the entire population."

8.  Inaccurate assumptions regarding sea lice lethality and molting rate

o Dr. David Groves describes in detail how the mortality assumptions used in the
modeling were probably not characteristic of what occurs naturally in the wild.45

o "Several assumptions that are made are critical to the model being employed, but               
either do not have supportive scientific evidence or there is actual contradiction                             
in the scientific information available," suggests McVicar.

o "(The) assumption that nauplii molt to the infective copepodid stage at a constant rate
is known to be not true," notes Brooks (2006).

o Fisheries and Oceans Canada notes, "Krkosek et al. assumed a simple advection-diffusion
circulation model for interpreting his sea lice observation… Most of his advection speeds
were less than those measured with current meters.  Though this model is clearly                        
an over-simplification of the regional dynamics, the sensitivity of the paper's        
conclusions to these simplifications was not assessed"46

Sources:

                                      
1 Hites, R.A. et al. 2004. Global Assessment of Organic Contaminants in Farmed Salmon. Science 9 January 2004.
2 Krkosek, M., M.A. Lewis and J.P. Lewis. 2005.  Transmission dynamics of parasitic sea lice from farm to wild salmon.
Proc. R. Soc. B. 272:689-696. http://www.math.ualberta.ca/~mlewis/publications/SeaLice.pdf
3 http://www.al.gov.bc.ca/ahc/fish_health/Sealice/AAVBC_sealice_comments.pdf
4 Jones SRM, W Wosniok W, NB Hargreaves. 2006. The salmon louse on salmonid and non-salmonid fishes in British
Columbia. Proc. 11th ISVEE.
5 McVicar. 2005.  Scientific critique of the publication by Krkosek et al. (2005) Transmission dynamics of parasitic sea lice
from farm to wild salmon.  Proceedings of the Royal Society.
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6 Krkosek, M., M. A. Lewis, A. Morton, L. N. Frazer and J.P. Volpe.  Epizootics of wild fish induced by farm fish.  PNAS
103(42) 15506-15510. http://www.math.ualberta.ca/~mlewis/SeaLice/SeaLiceSept-06/PNAS_proofs.pdf
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10 Vernon, B.  2007.  Salmon ranching examined.  Pacific pastures under siege?  Northern Aquaculture Sept/Oct 2007.
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11 Kolmes, S.A.  Salmon Farms and Hatcheries.  Environment 46(3) 40-43.
http://findarticles.com/p/articles/mi_m1076/is_3_46/ai_n6126333
12 University of Alaska Anchorage.  Environment and Natural Resources Institute.  2001.  Evaluating Alaska's Ocean-
Ranching Salmon Hatcheries:  Biologic and Management Issues. 77 pgs.
13 Kappenman, K.M. & B.L. Parker.  2007.  Ghost nets in the Columbia river:  Methods for locating and removing derelict gill
nets in a large river and an assessment of impact to white sturgeon.  North American J. of Fisheries Management 27: 804-9.
14 http://seaweb.org/documents/PR_2005.3.29.pdf
15 http://www.uofaweb.ualberta.ca/secretariat/pdfs/Item4-SCCentreforMathBiolProposalMEETING.pdf
16 http://moore.org/cms/uploadedFiles/2004%20Moore%20Fndn_990PF_complete.pdf  See pg. 76.
17 http://farmedanddangerous.org/?action=d7_article_view_folder&Join_ID=82887
18 http://www.seafoodchoices.org/smartchoices/species_salmonpink.php
19 http://seaweb.org/documents/PR_2004.3.9.pdf
20 http://seaweb.org/documents/PR_2004.1.9.pdf
21 http://www.kidsafeseafood.org/bestchoices.php
22 http://www.math.ualberta.ca/~mlewis/SeaLice/SeaLiceFunding.pdf
23 Konigsberg, J.  Commentary. Environment.  Vol 46(3) pg. 44. http://www.heldref.org/waterissues.php
24 Knapp, Gunnar. 2006.  Trends in World Salmon Markets and their Implications for the Alaska Salmon Industry.
A  presentation to  the Alaska Department of Fish and Game, Juneau, Alaska,  15 November 2006.
http://www.iser.uaa.alaska.edu/iser/people/knapp
25 http://www.ens-newswire.com/ens/apr2003/2003-04-21-04.asp
26 State of Alaska.  2007.  Alaska Salmon Price Report.
http://www.tax.state.ak.us/programs/fisheries/reports/2007/200708ASPRreport.pdf
27 Wilhelm, S. 2005.  Salmon sales surge on demand for upscale fish.  Puget Sound Biz Journal, 27 May 2005.
http://louisville.bizjournals.com/seattle/stories/2005/05/30/story3.html?t=printable
28 Jeff Barnard.  Wild salmon prices rise as consumers turn away from farmed fish.  Associated Press, 5 May 2004.
http://epa.gov/waterscience/fish/advisories/newsjune04.htm
29 http://www.ufa-fish.org/update/01/070901.htm #5 When Green is Good for Alaskan Seafood
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32 http://capitalresearch.org/search/orgdisplay.html?org=SWB200#grant
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Parasitol. 92: 473-480.
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