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EXECUTIVESUMMARY

Approach Usedin the 2010 Biological Opinion

The 2010 Biological Opinion(NMFS 2011a)and the presentations at the first two workshops
developed a chain of logic for howChinook salmonfisheries affect Southern Resident Killer Whales
(SRKW). The logic can be described as follows:

1. SRHKW depend uponChinook salmonas a critical food resource. This is supported by
summer diet information.

2. SRKW are occasionally in poor condition, which may indicate nutritional stress. Poor
condition is supported by photogrammetry andobservations ofthe (peanut-headd
syndrome.

3. Individuals who have been identified as being in poor condition have a higher probability of
dying than individuals who have not been so identified.

4. SRKW fecundity, death rates and rates of population increase have shown statistical
correlations with some indices ofChinook salmonabundance.

5. ReducingChinook salmonharvesting would increase the availability ofChinook salmonto
SRKW.

6. Models using the oefficients of the statistical models (from item 4 above) suggest that
there would be aslightly larger SRKW population on average if mor€hinook salmonwere
availableto SRKW

The core of the analysis in the Biological Opinion is the statistical correlah between indices of
Chinook salmonabundance and rates of increase in the SRKW population. The rest of the logic
provides a mechanistic explanation for why that correlation could be causative.

The Conclusions of the Panel

Status of Southern Resident Ki ller W hales

The SRKW population has on average been increasisigwly (about 0.71% per year) sincethe
1970s with alternating periods of increase and decline. Because of the small population sizrich
of the fluctuations may be the result of random eventsbut sustained periods of increase and
decline, shared between both SRKW adRKW/(Northern Resident Killer Whales),suggest there is
likely a common causal factor influencing their population dynamics. The two issues of concern
about the status of SRKWra the low population size and the low rate of increase. Compared to
NRKWthe SRKW have a smaller population size, a slower growth rate, lower birth ratesd higher
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death rates. Historical population sizes were discussed in the 2010 Biological Opiniomdaare also
reviewed in Section2.1 of this report.

Using the birth and death rates averaged oveir974 to 2011, the SRKW populatiorshould have
grown at about 1%per year. The difference between this and the observegtowth rate of 0.71% is
dueto the sex ratioo SRKWhave had more surviving male births than surviving female births and
thus an observed rate of increasahat is lower than what would be expected if sex ratio of surviving
births was 50:50.

The total population declined significantly for five years in the late 1990s and the largest pod (L
pod) has declined further since 2000. There is serious concern about thepod with only three
surviving females producing survivingfemale offspring in recent years. The estimated rate of
increase for the L pod is positive (se€igure 2-1), but this long term expectation assurasa stable
age distribution (and the current age and sex distribution of the L pod is far from what one would
expect on averagg L pod has experienced low numbers of births due to the small number of adult
females n prime breeding ages, but appears to have similar aggpecific fecundity as females in the
J and K pod.

Key Point:

The SRKW population has been observed to increase at an average rate of
0.71% per year, and would be expected to increase at about 1% ipgear in
the long term if sex ratio at birth were 50:50.

The Panel believes that the existing delisting criterion of 2.3% growth rate is unlikely to be
achieved given current circumstances or by reducin@hinook salmonfisheries, but given the
estimatedrates of increase, SRKW should eventually increase to a point where a reappraisal of their
status would likely occur.lt is difficult to estimate what the potential maximum population for
SRKWmay be,and NRKW, seals and sea lions all compete with SRKW their food supply, which
may limit the potential of SRKW to continue to increase in the loagrm. The Biological Opinion
discusses potential carrying capacities from a minimum of 140 animals to a maximum of 400.
Demographic reconstruction showed that thdargest known size was likely 96 animals in 1967
(Ford and Parsons 2012, slide 4)leading to the conclusion that the population size has not varied
dramatically over the last 45 years. We would expect the rate of increase to decline as the
population approaches the carrying capacity. The lower growth rate @RKW compared to NRKW
could be because the SRKW are closer to their carrying caggci

Key Point:

The panel believes that the existing delisting criterion of 2.3% growth rate is
unlikely to be achieved given current circumstances or by reducing Chinook
salmon fisheries. But if the total abundance continues to increase, a point
will be reached where a reappraisal of their status would be likely.
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An alternative demographic analysis was presentetb the Panel during Workshop 3VélezEspino
et al. 2012 that reached conclusions that departed substantially from those presented in tHist
two workshops (discussed abové. In particular the estimated rate of increasewas slightly less than
1.0 (0.99) indicating that, on average, the population was expected to decline, although the
uncertainty in this estimate means that positive growth ratesannot be rukd out It is the
conclusion of thePanel that the VélezEspinoet al.analysis is preliminary. tisOEA 0 AT A1 6 O
understanding that the ceauthors of this presentation had not yet reviewed it. The analyses
presented in the earlier workshopsby Ward hadbeen more thoroughly reviewed Major
components of these analysis have undergone peer review and have been publisférd et al.
2009, Ward et al. 201Q. Thus, thePanel concludes that the most credile analysis of SRKW
demographicsat this point comes from the Ward presentationgWard and Barre2012, Ward et al.
2012).

SRKW Dependency onChinook Salmon

Diet information from SRKW in the summer indicates a heavy reliance @hinook salmon As
Chinook salmonabundance declines in the faJthe diet data show that chum salmon and other
species become more important. Therare little winter diet data, but the data that do exist also
suggest the importance ofChinook salmon

The age distribution ofChinook salmonconsumed bySRKWdoes not match the pedicted age
distribution of Chinook salmonthought to be available to killer whalesInstead, SRKWconsume
greater proportions of thelarger (older) fish (particularly the 4- and 5-year-olds) relative to the
overall numbers ofChinook salmonpresent.

It seems somewhat illogical that SRKW would forgo feeding on other specadish at times of low
Chinook salmonabundance, and therare not enough data to determine if the percentag€hinook
salmonin the diet is related to inter-annual variation in abundance ofChinook salmon Other fish
eating killer whales in the North Pacific show a broader range of diet. Howevghe increase in the
frequency of feeding on other species as summer ends a@thinook salmonavailability declines
does suggest that SRKW davitch to other species at times and places of lo@hinook salmon
abundance.

The Panel found the evidence for strong reliance o€hinook salmonin the summer convincing.
However, given that the density oChinook salmonin the summer as thg migrate to the Fraser
River is far higher than the density in the rest of the year whe@hinook salmonare spread over a
much larger area, it seems unlikely that the summer period would be the most criticpkriod where
Chinook salmon abundance affectedRKW vital rates
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Key Point:

The evidence for strong reliance on Chinook salmon in the summer is
convincing, but it is also clear thaBRKWwill switch to alternative, more
abundant chum salmon when Chinook of suitable size and quality are not
readily available in the fall.

Poor Condition and Possible Nutritional Stress

SomeSRKWhave been seern poor condition (which can be caused by nutritional stress or other
factors) and animals in poor condition have a higher probability of dying. The strongest sgegstion
of poor condition is the photographic evidence from Durban et al. (2009hat documented 13
SRKW in poor condition over the period 1994 through 2008 of which all but two of these
individuals subsequently died.Poor condition and nutritional stress could contribute to increased
mortality or reduced fecundity of SRKWhrough a variety of mechanisms (i.edirect starvation,
increased susceptibility to trauma due to increased movements to forage, decreagsegistanceto
infectious disease, mobilizatim of lipophilic toxic chemicals), as well as to decreased recruitment
through changes in calving interval and calf survivallhere are insufficient data to relate the
incidence of poor condition to nutritional stress caused by lovChinook salmonabundanceor other
causative factors. These data serve primarily to support the assertion that poor condition, which is
clearly linked to increased risk of mortality, and by implication to fecundity, may reflect nutritional
stress.

The Panel believes the photograplt evidenceis convincing that poor condition (andpossibly
nutritional stress) is an issue of concern for SRKW. However, not all members of the Panel were
convinced that poor condition wasnecessarilyan indicator of nutritional stress (due to low

availability of prey) as compared to some other factor (disease, organ malfunction) that might lead
to reduced or less successful feeding and thereby generate "poor condition". Unless a large fraction
of the population experienced poor condition in a particular yar, and therewas ancillary

information suggesting a shortage of prey in that same year, malnutrition remains only one of
several possible causes of poor condition.

Presentations on fecal hormone levels argued that the decline in T3 values through springda
summer indicated nutritional stress during thisperiod. This change could be explained by changes
in photoperiod, as well as by individual differences in nutritional status, age, sex, reproductive
status, stressand PCB exposure of individuals sampletlinfortunately, the lack of fecal hormone
data in winter months due to logistical difficulties associated with sample collection limgthe
current utility of the available fecal hormone data to assess the nutritional status of tH&ERKW
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Key Point:

Photographic evidence supports the assertion that poor condition, which is
linked to mortality, and by implication to fecundity, may reflect nutritional
stress. However, unless a large fraction of the population experienced poor
condition in a particular year,and there was ancillary information
suggesting a shortage of prey in that same year, malnutrition remains only
one of several possible causes of poor condition.

Fisheries and Prey Availability

Trends in_Chinook salmon _abundance

Contemporary abundances o€hinook salmonin the Pacific Northwest and California have been

greatly reduced from historic abundances and many Evolutionarily Significant Units (ESUSs) of

Chinook salmonare listed as threatened or endangered under the US Endangered Species Aany

British Columbia stocks ofChinook salmonhave also been identified as stocks of conservation
concern.Declines in abundance of springd 01 AEOE EAOA AAAT DPAOOEAOI AOI U
Central Valley, in the Columbia Riveritfterior spring Chinook salmon) and in Puget Sound.

Associated with the declines in abundance have also been shifts in age structure of many

populations toward younger age and smaller adults

Comparing averages for 20022010 with those for 1979-1988 and considering stocks blikely
importance to the SRKW, (1) Fraser Earlghinook salmontotal abundance (terminal run + fishery
impacts) has increased by about 36%, and terminal run size has increased by more than 100%; (2)
West Coast Vancouver Island aggregate total abundartas decreased by 35%, but terminal run
sizes have increased by about 19%; (3) Fraser La@hinook salmontotal abundance has decreased
by about 51%, but terminal run size has increased by about 38%nd (4) Puget Sound total
abundance has decreased by abb88%, but terminal run size has not changed. Coastide, there
has been an approximatly 16% decrease in totalChinook salmonabundanceover this period, but a
concurrent 37% increase in ocean escapement to terminal areaSubstantial reduction in ocean
fishing has resulted in moreChinook salmonbeing available to SRKWduring the summer when
they feed onhomeward bound fish, despite a slight decrease in tot&hinook salmonabundance.

Spatial and temporal overlap between SRKWand Chinook salmon_stocks

SRHKWV are found almost exclusively in the Salish Sea and in coastal waters near the entrance to the
Strait of Juan de Fuca during the Ju$eptember period. During the AprigJune period, only about
32% of SRKW sightings have been in the Salish Sea with remamsightings primarily in coastal
waters off northern Oregon and Washington and outde waters off Vancouver Island During

winter months, SRKW are sometimes distributed off of central Californiand seemto be found

more frequently off the Washington coast.

! terminal fisheries are those that take place on mature fish as the eétier in freshwater or saltwater in the
vicinity of their natal streams.
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Available data are inadequate to allow assessment of winter (JanugiMarch) distribution patterns

of both Chinook salmon and SRKW, so it is not possible to reliably assess the possible degree of
overlap of SRKW and Chinook salmasturing this period. However, SRKW tissuecarbon and

nitrogen stable isotope and contaminant fingerprintanalysesare consistent with a SRKW diet
comprised of Chinook salmonfrom a wide range of sources well outside the narrowly defined Puget
Sound/FraserRiver area.

Would reducing harvest increase Chinook salmon_availability?

Recent analyses presented at the workshops explored whether reductions @hinook salmon

harvest would increase food for SRKW and thus SRKW population rates of increase. These analyse
assunethat a certain number ofChinook salmonforegone from the harvest will result in an
equivalent increase in abundance ofhinook salmonfor SRKW.They assume that closingll ocean
fisheries will directly result in short-term increasesin the abundance ofChinook salmonthat are
availableto SRKW.

Eliminating ocean fisheries andnanagingfreshwater fisheries for maximum recruitment would
result in an additional long-term increase in the totalChinook salmonpopulation compared to the
present due tothe elimination of ocean interception of immature salmon prior to maturityand
higher escapements resulting from the reduction in terminal fisheriesFor a given stock, this
benefit would depend on the current agespecific ocean fishery exploitation ates and the stock
specific maturation scheduleHowever, the longterm benefits appear to be rather smallAssuming
that current escapements and exploitation rates are those that maximize sustainable yietteans
that Chinook salmonescapements are currerly close to levels that produce maximum total
Chinook salmonrecruitment. This is the assumption of the management agencigmnd the Panel
was not in a position to review the underlying analysis of the management agencies. Hatchery
stocks are generally afull production and not limited by escapements, so increase in escapements
would not result in increased hatchery production Efforts to rebuild Chinook salmon runs depend
primarily on restor ing the productivity and carrying capacity of freshwater spawning rearing and
migratory habitats. The other potential for substantially higherChinook salmonreturns is a change
in ocean conditions which might return ocean survival to the higher rates seen prior to the 1980s.
This is beyond management control, but thex is some evidence that ocean survival rates of
Chinook salmonhaveincreasedin recent years.
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Key Point:

The maximum long-term increases in abundance ofChinook salmonthat
might theoretically be availableto SRKW would be achieved by eliminating
all ocean fishing fypically at least 20% increase in ocean abundane# age4
and age5 hatchery and wild fishdue to elimination of ocean fishery
interception of immature fish) and by maximizing recruitment through
manipulation of freshwater exploitation ratesto maximize recruitment (6-
9% increase in recruitments of wild fish; no impact on hatchery fish)

The best potential for increased Chinook salmon abundance is restoration of
freshwater habitat, reducing downstream migration mortality and a change
in ocean conditions.

Does reduced Chinook salmon catch result in equivalent increase in__Chinook salmon_for
SRKW?

There are several reasongvhy reductions in ocean catch o€hinook salmondo not equate to an
equivalent increase in availability ofChinook salmonto SRKW. First and foremost, there are a range
of other predators onChinook salmon especiallyNRKW, harbor seals and sea lions that may eat
some of the foregoneChinook salmonbefore or at the same time that the SRKW have access to
them. The actual incrase in food availability to SRKW may be considerably less than the foregone
harvest.

Second, the foregone harvest would likely not consist exclusively 6hinook salmonstocks that are
important to SRKW.Most Chinook salmon harvesting takes place on a mif stocks, and some
forgone harvest would almost certainly be fish not important or critical to SRKW

Third, if Chinook abundance in the summer is critical, thethe key Chinook salmonin summer are
mature fish. et many of theChinook salmonfisheries harvest a mix of immature and mature fish.
While the foregone immature fish would ultimately become mature if they survive, not all would
survive and thus not all foregone harvest would result in mature fish. The abundance of immature
mature fish in summer available to SRKW would not increase equally with foregone immature
Chinook salmonharvest because of the other sources of mortality that would occur between the
time of foregone catch andavailability in the summer to SRKW.

Finally, the currently low oceanharvest rates onChinook salmon(on the order of 20% on average)
meansthat there is limited opportunity for reductions in Chinook salmonharvesting to increase the
abundance ofChinook salmon

The Panelsees many potential reasons why all foregonéhinook salmoncatch wouldnot be
available to SRKW, and is thereforgkeptical that reduced Chinook salmonharvesting would have a
large impact on the abundance ofhinook salmonavailable to SRKW.

iX The Independent Science Panel and ESSA Technologies Ltd.
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Key Point:

The panel sees many potential reasons why bhall foregone Chinook salmon
catch would be available to SRKW, and is therefosieptical that reduced
Chinook salmon harvesting would have a large impact on the abundance of
Chinook salmon available to SRKW.

Projected Future Status and Recovery

Statisti cal correlation between Chinook salmon _abundance and rates of increase in
SRKW

Several analyses performed by both NOAA and DFO have shown correlations betw€aimook
abundance and theate of increase for SRKW. The presentations ¥orkshop 2 by Eric Wardand
co-authors used theKope-Parken index of salmon abundance and showed significant correlation
between theChinook salmonabundance index and SRKW survival, and a weak indication of some
impact on fecundity.This analysis is the core of the evidence thahangingChinook salmon
abundance affects SRKW demographic parameters. The statistical analysis perforrasddmodern
methods and has been very thorough. The Panel considers the methods used to evaluate the
relationship between salmon abundance and SRKW fecundity, survival, and population growth
rates scientifically reasonable and statef-the-art.

Although there isareasonable body of scientific evidence showing th&hinook salmonare
important prey for SRKW, there is a limited range of specificbservational evidenceand no
possibility of experimental evidencelinking Chinook salmonabundance to SRKW population
growth. Because SRKW growth and salmon abundance data are observations of uncontrolled
events obtained from an unknown sampling design, there B high risk of incorrectly asigning
causes to correlations andnaking weak inferences.

A major concern is the choie of indices ofChinook salmonabundance. The Panel believes that an
index that reflects overallChinook salmonabundance would be the most likely to reflect food
available to SRKWover both summer and winter.

The fact that density dependence was strongén the NRKWpopulation than in the SRKW

population (Ward et al. 20123 slide 59) suggests that the northern population should experience
stronger bottom-up limitations as the population grows, a prediction that is contrary to
observations. All of these difficulties ofnterpretation cast doubt on a simplecausal interpretation

of the positive correlation between salmon abundance and SRKW vital rates. Howevtre Panel
must also point out that the relatively narrow range of density during the period of analysis may
mean that there was insufficient statistcal sensitivity to detect effects of densityThe Panel believes
the NOAA and DFO scientists have done an excellent job of their statistical analysis, but in the end
believe considerable caution is warranted in interpreting the results asonfirming a linear

causative relationshipbetween Chinook salmonabundance and SRKW survival.

X The Independent Science Panel and ESSA Technologies Ltd.
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Key Point:

The statistical analysis by NOAA and DFO scientists are excellent, but the
Panel believes considerable caution is warranted in interpretinghe
correlative results as confirming alinear causal relationship between
Chinook salmon abundance and SRKW vital rates

Estimating the Impact of Reducing Chinook Salmon Fisheries on SRKW

In the original Biological Opinion on thePuget Sound Chinook Harvest Management PIa&MOAA
Fisheries devised and evaluated alternative fishery regimes to assess their relative impact on future
status and recovery of SRKW (NOAA/DFO letter to Panélug. 22, 2012 Over the course of three
workshops, the alternative fishery regimes have esseially been reduced to two: (1) maintain
status quo with ocean fishery exploitation rates on the order of 20%and (2) closeall ocean
fisheries. Such a simplification is probably warranted in this case given what appears to be a
revised understanding of nteractions between fisheries and SRKW. In particular, it seems to be a
gross extrapolation to implicate any particular fishery, including those during the peakeriod of
Chinook salmonabundance in summer, in affecting SRKW population growth rate. Insteaal more
plausible working hypothesis is that highly mobile SRKW (and NRKW) respond to larger spatial
scale changes ilfChinook salmonabundance than can be appreciably affected by any specific
Chinook salmonfishery.

The evidence seems reasonably strongpat vital rates of SRKW are, to some degree, ultimately
affected by broadscale changes in their primaryChinook salmonprey. However, even if there is a
causal mechanismQ E A 0 dpinidnlistio that such a mechanism is probably not a simple linear
cause-and-effect one fora variety ofreasons.For example if Chinook salmonabundance is causally
related to SRKW mortality and fecundity, then it also seems likely that SRKW (and other predators)
can cause changes i6hinook salmonmortality. Such feedbaks imply non-linear density

dependence in SRKW growth ratée.g., a large region aChinook salmonabundance over which
growth response is small, but a small region where growth response is largerhe logistic

regression models and supporting auxiliary eience reflect only a narrow range of abundance for
both SRKW predators and theiChinook salmonprey, which increases the risk of poorly capturing
these relationships. ThusQD E A 0 dvéral viévds that the predator-prey system involving

Chinook salma, SRKW, NRKW, and some pinnipeds is only partially described by correlations
between Chinook salmonand SRKW. Therefore, any predictions about impacts of changing fisheries
may not be robust to changes in the status of oth&€hinook salmonpredators, or even to changes in
Chinook salmonabundance.
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Key Point:

The Panel is not confident that understanding of the interaction between
Chinook salmon fisheries, other predators and SRKW vital rates, is sufficient
to expect the model predictions of increased SRKWs to be accurate.

The Panel expects the model predictits to overestimate the impact of
reductions in Chinook salmon catch on SRKW.

Mechanisms for Chinook Salmon Abundance Impacting Killer Whale Vital Rates

Much of the work done by NOAA and DE@nd contained in the Biological Opinioprelates to
mechanisms hat support the statistical correlation between indices ofChinook salmonabundance
and vital rates of SRKW. The basic mechanism is that SRKW are on some occasions food limited,
leading to poor condition and lower survival and fecundityand that Chinooksalmonare a highly
important part of their food supply. NOAA and DFO have documented that some killer whales are in
poor condition, that those in poor condition have lower survival, and tha€hinook salmonare an
important part of SRKW diet. The mechani@t data developed so far provide some support for
causation Support for causation would be weakeneil there were no evidence for poor condition
(possibly due to nutritional stress) or if Chinook salmonwere not an important part of SRKW diet.

This mechanstic approach does not provide a quantitative method to evaluate the benefits of
reducing Chinook salmonharvesting. What is needed is documentation of the relationship between
Chinook salmonabundance andhe number of animals that are in poor conditionThis could

provide strong evidence that periods of lonChinook salmonabundance lead to poorer condition,
more nutritional stress and lower survival rates. The major limitation to the mechanistic approach
at present is that very little information on condtion is currently available to provide scientific or
management guidance. Similarly there is so little information on winter diet that the mechanistic
approach mustpresently remain merely supportive of causation.

Conclusions
The Panel believes thatthe eOOET AOAA AAT AEEOO 1T £/ OAAOAET ¢ #EETTTE
recent analyses provide a maximum estimate of the benefits to SRKVénd that the realized

benefits would likely be lowerand insufficient to increasegrowth rates to a levelthat meets
existing SRKW delisting criteriain the foreseeable future

The Panel concludes that there is good evidence th&hinook salmonare a very important part of

the diet of SRKW and that there is good evidence, collected since 1994, that some SRKW have been
in poor condition and poor condition is associated with higher mortality rates. There is a statistical
correlation between SRKW survival rates and some indices 6hinook salmonabundance. Based on
those correlations, increases irChinook salmonabundance would leado higher survival rates, and
therefore higher population growth rates of SRKW. However, the effect is not linear as

improvements in SRKW survival diminish atChinook salmonabundance levels beyond the

historical average. Using the statistical correlationsconsistently positive SRKW growth rates can
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occur by avoiding extremely lowChinook salmonabundance levels observed in the 19780s and
late-1990s. Elimination of ocean fisheries foChinook salmonwould impact Chinook salmon
abundance far less than theariations that have been seen since the 1970s

The Panelcautions against overreliance on the correlatie studies, andnotesthat the level of
correlation is highly dependent on the choice o€hinook salmonabundance indicators.The impact
of reduced Chinook salmon harvest on future availability of Chinook salmon to SRKW is not clear.

xiii The Independent Science Panel and ESSA Technologies Ltd.
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1.0 INTRODUCTION

This report is the final report of the Independent Science Panel of the Bilateral Scientific Workshop
Process to Evaluate th&ffects of Salmon Fisheries o8outhern Resident Killer WhalesThis section
provides a brief overview of the background context, workshop process, the role of the
Independent Science Panel, and an introduction to the structure of the present report.

1.1 Context

Southern Resident Killer Whies (SRKW;Orcinus orca are listed as an endangered species under
both the Endangered Species Act (ESH)the US andhe Species at Risk Act (SARA) Canada The
National Marine Fisheries Service (NOAA Fisheries) and Fisheries and Oceans Canada (D&(@®)
developed and adopted recovery planfor SRKWas required by their respectivenational statutes.

One of the potential threats to the recovery of SRKW may be a reduction in salmon prey available to
SRKW due to salmon fisheries. During 20312012, NOAA isheries and DFO commissioned a series
of three scientific workshops to rigorously explore the evidence available to answer the key
guestion:

To what extent are salmon fisheries affecting recovensstK\Wby
reducingthe abundance otheir available preyand what are the
consequences to their survival and recovery?

As part of the workshop process, the NOA&nd DFO Steering Committee appointed an expert

OAEAT AA PAT AT j OOEA 0AT Al oq O bPOIT OEAA AT ET AAPAI
on future research. The scientists from the nationaktate and tribalfisheries agencies, members of

the Panel and other participants in the workshops examined existing research as well as completely

new research directed by the outcomes of the first two workshgs.

1.2 Workshop Process

The detailed design of the workshop process and various outputs of this process, including
workshop presentations, background literature, new materials developed for the workshops,
preliminary responses from the Panel, and feedback fro other participants are all available
elsewhere. In this report,the Panelwishesto avoid repeating information that is readily available
in other documents. Insteada brief summaryis provided below of other documents, reports and
materials associatedwith the overall workshop process. The following materials are currently all
available athttp://www.nwr.noaa.gov/Marine -Mammals/Whales-Dolphins-Porpoise/Killer -
Whales/ESAStatus/KW-Chnk.cfm
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10.

11.

12.

13.

14.

15.

Process Description z describes the overall workshop processthe role of the Panel, the
Science Panel Chair, and the Science Facilitgtihre flow of tasks through the entire process
and the contextualbackground (both scientific and regulatory) to the key question.
Process Diagram z outlines the timeline associated with the major tasks and stages of the
overall workshop process.

Reading List z breaks the overall question into the original topics usedythe Panel to
organize their assessment, provides a contextual description of each topic, poses key
guestions for each topic, and provides an extensive list of relevant background literature.
Background Literature z a comprehensive library of relevant bakground literature
compiled by the Steering Committee prior to the Workshop 1 for participants and panel
members to review.

Workshop Agenda sz lists all the speakers and presentations for each of tharee
workshops.

Workshop Presentations z the final presentations delivered by each of the speakers at
each of thethree workshops.

Workshop Audio Files z audio recordings of the entire proceedings of each workshop.
Response Papersz short papers prepared by NOA/nd DFO scientists in responsé
requests from the Panel for additional information on particular topics. These response
papers were prepared in place of presentations on these topics at Workshop 2.

Additional Workshop Materials 7z additional materials provided by presenters and

partici pants, including supplementary papers or data sets, short papers on additional
research not presented, and official institutional statements.

NOAAand DFO Questions & Answers 7 provides responses from NOA/ANnd DFO scientists
to short-term information / an alysis requests that the Panel provided to the Steering
Committee shortly afterWorkshops 1 and 2

Workshop 1 Proceedin gsz includes questions and discussion from Workshop 1
integrated into a compilation of all of the responses (feedback, comments,
recommendations, etc.) received from participants following Workshop 1.

Participant Responses to Workshop 2z written comments, feedback and additional
analyses submitted by participants to the Panel in response to Workshop 2.

SAEAT AR 0AT Al G2 A &ithA prdirimaty @port 6f thé Fanelfdll@ving
Workshop 1, including initial responses and recommendations for work to be done prior to
Workshop 2. The Panel based its responses on the evidence available prior to the workshop,
the presentations and discgsion at the workshop, the information available immediately
following the workshop, and the feedback submitted by other participants.

Draft Report of the Independent Science Panel zthe May 3, 2012 draft report, completed
subsequent to Workshop 2. This daft report was available for public comment for a period
of six weeks.

Public Comments on the Draft Report z the comments and responses submitted during
the public review period. Comments were received from individuals and organizations.

The Independent Science Panel and ESSA Technologies Ltd.
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1.3 The Independent Science Panel

4EA )T AAPAT AAT O 3AEAT AA 0AT Al j OOEA 0ATAI 6q Al1TOE

Canadian universities and one notuniversity research institution. These scientists were chosen to
be members of the Panel according tineir relevant expertise in salmon fisheries, killer whales and
predator-prey dynamics and their ability to constructively and objectively collaborate to fulfill the
purposes of the workshop processThe Panelcomprises the following members

Dr. Ray Hilborn (Chair)
School of Aquatic and Fishery Science, University of Washingi@eattle, WA

Dr. Sean Cox
School of Resourcand Environmental ManagemeniSimon Fraser University Burnaby, BC

Dr. Frances Gulland
Marine Mammal Center, Sausalito, CA

Dr. David Hankin
Department of Fisheries Biology, Humboldt State Universitrcata, CA

Dr. Tom Hobbs
Natural Resource Ecology Lab, Colorado State University, Fort Collins, CO

Dr. Daniel Schindler
School of Aquatic and Fishery Science, University of Washingt@eattle, WA

Dr. Andrew Trites
Marine Mammal Research Unit, University of British Columbia, Vancouver, BC

The principal role of the Panel is to critically evaluate the scientific evidence available and the
approach by which that evidence is being used to answer tloentral question. The Panel attended
all of the workshops, questioning the presenters and participating in discussionk their first
report (Hilborn et al., 2011), delivered in November 2011,he Panel provided initial, preliminary
responses based on thevidence available prior to Workshop 1, the proceedings of Workshop 1,
and the comments and feedback of other participants. The Panel then revised these responses
while working on its draft final report (Hilborn et al., 2012),in light of new information and
analyses presented at Workshop 2 and additional input from participants.

The Panel then revised its draft report in consideration of the comments received during its public
review period, the agencylevel comments provided by NOAA and DFO in respongethe draft
report, and the information presented atthe third workshop. Workshop3 was organized around
the topics most frequently or critically addressed in the public comments as well as outstanding
guestions from the Panel itselflts focus was to pravide new information or clarify existing
information where suchinformation could potentially alter the conclusions of the PanelAs the
Panel refined its final report, it considered the comments and criticisms received during the public
review period, aswell as thenew, clarified, or reemphasized information presented at Workshop
3. The ultimate goal of the Pandhas beento examine currentmethods of addressing the central
guestion and provide guidance for future researcho reduce critical uncertainties.
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The responsibility of the Panel explicitly excludes addressing management issues or making
management recommendations. The responsibility ahe Panel only covers the critical examination
of scientific issues. The Process Description thoroughtlescribes the full role of the Panel.

1.4 Report Overview

The Executive Summary provides an integrated discussion of the most critical themes identified by
the Panel and the recommendations that the Panel considered to be of the highest priostgross all
of the broad topic areasThe Executive Summary is intentionally longer and more thorough than is
typical for report of this size. Thisthorough synthesis of the responses and recommendations of the
Panelis not repeatedin the main body of the report

Sectins 2.0to 5.0 provide an examination of each ofour broad topic areasin depth. These topic

areas represent a consolidation of the nine topics originally identified by NOA#nd DFO and
AAAOAOOGAA ET OEA O0AT A1 60 DPOAIEI ET AOU OADPI OO OOAOA
considerable overlap existed among the original taps both in terms of the questions being asked

and the evidence available to answer those questions, and that a consolidation of these topics

would allow the Panel to address the total suite of questions in a more effective mannéable 1-1

Ei 1 OOOOAOAO Ei x OET OA 1 OECET Al OI PEAO xAOA AIT T O1I
Appendix A provides a complete listing of the original questions posed to theddel within each

topic. Each of theesections serves four broad functions: 1) providing a contextual introduction to

the particular topic, including relevant background information; 2) reiterating or summarizing the

key questions asked of the Panel acrosise original topics consolidated into each section; 3)

OAPT OOET ¢ OEA 0AT A1 60 AOOGAOGOI AT O AT A AT 1Al OOGEITO
recommendations, where appropriate, for future research and analysis to reduce key uncertainties

and improve the level of scientific understanding.

Table 1-1. Consolidation of original topics into the sections of the current report.

Report  Section title Topics as originally defined bythe NOAAand DFO Steering Committeand
section addressed in this report
2.0 Status and Growth  Status of Killer Whales
Rates of Killer
Whales
3.0 Feeding Habits and  Feeding Habits and of Killer Whales
Energetic Needs of { Chinook salmonNeeds ofSouthern Resident Killer Whales
Killer Whales 1 Ratio ofChinook salmonFood Energy Available Compared t€hinook
salmonFood Energy Needed by Southern Residents with (and without)
Fishing
4.0 Fisheries and Prey { Fisheries that May Affect Prey Availability
Availability 1 Reduction in Chinook salmon Abundance from Fisheries
5.0 Projected Future 1 Relationship betweenChinook salmonAbundance and Killer Whale
Status and Population Dynamics
Recovery 1 Change in Killer Whale Population Growth Rates Annually, Abundance

over Time andSpecies Survival and Recovery
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The views, conclusions and recommendations of the Panel reported in this document have been
informed by multiple sources of evidence within the workshop procesg§in roughly chronological

order):
9 literature reviewed prior to Workshop 1
91 presentations and discussion at Workshop 1
1 responses from NOAAnd DFO scientists to shorterm requests from the Panel
immediately following Workshop 1
1 feedback and comments submitted by participants in response to Workshop 1
 feedback from NOAAang &/ OAEAT OEOOO 11 OEA 0ATAI 60 DPOAIE
1 presentations and discussion at Workshop 2
1 response papers prepared for Workshop 2
1 additional information and materials provided by participants for Workshop 2
1 responses from NOAAnd DFO scientists to shorterm requests from the Panel
immediately following Workshop 2
9 direct discussions with NOAAand DFO scientists to clarify methodological questions
1 feedback and comments submitted by participants in response to Workshop 2
1 feedback and comments submitted by individuals and organizations in response to the
OAT AT 60 AOAEO £Z£ET Al OADPT OO AOOEI ¢ OEA DPAOET A |
 agencyl AOAT AT 1T AT OO0 MmOiTi1 ./711v AT A $&/ ET OAODPITC
9 presentations and discusion at Workshop 3
T DOAOAT OAOGET 1 Oh AEOAOOOEIT T O Aorelation GEcAu€afidn EAT AT OO
DAT A1l 6 AO 71 OEOQET P o
9 additional information and discussion provided byworkshop participants on the details of
their analyses and methodologiesincluding John Carlile John Ford, Mike FordRobert
Kope,Larrie LaVoy, Chuck Parkerintonio VélezEspino, Eric Wardand many others.
5 The Independent Science Panel and ESSA Technologies Ltd.
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2.0 STATUS ANDGROWTH RATES ORKILLER WHALES

2.1 Context

Data on the abundance and demography of killer whales are unusually detailed as a result of the
ability to recognize individuals by photographing their dorsal fins and adjacent markings. Photo
identification allows every individual in the population to be observed over time, providing strong
data for estimation of population size and vital ratesHowever, there are limitations to the
demographic data.There is very little information on neonatal survival.Causes of deaths are largely
unknown.

The abundance of SRKW fluctuated betwedd¥ and 95 individuals during 1974 to 2011 (see

Figure 2-2). Intervals of population increase alternated withperiods of decline, but the duration of
intervals of positive growth substantially exceeded those when growth was negative. During 1974
to 2011, the population has been increasing slowlyrom 67 individuals in 1974 to 87 individuals in

2011, at a realizedgrowth rate of 0.71% per year(seeBox 2-1).

Box 2-1. Calculating growth rates.

It is important to distinguish the observed population changes (and thus the realized
COl xOE OAOAQ ~&EOI i OEA AgPpAAOAA COil xOE |OAOA

Therealized growth rate is simply the exponential rate of increase which, when
applied for a series of years to an observed population abundance at the start of a time
period, leads to the observed population abundance at the end of the time period.

5
YOY —
V)

Where:
RGR = Realized annual growth rate
t, = Start of time period over which RGR is estimated (e.g., 1974)
t2 = End of time period over which RGR is estimated (e.g., 2011)
Nu = Population abundance at timeit(e.g., 67)
N> = Population abundance at time: (e.g., 87)
Conwerting RGR into an annual percentage growth rate is done as (RGR100

, AT A A As thelgrGwth rate that would be expected in the long term given a stable
age distribution and a 50:50 sex ratio at first sighting. The observed populat growth
OAOA T AU AA 1T xAO 1T O EECEAO OEAT 1 AAAAOOA
stochastic events and age structur€Caswell 1988)
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In contrast to SRKWNRKWhave increased more rapidly over the same time interval, from 120
animals in 1975 to more than 260 currently. The trajectory of growth has been, for the most part,
steadily positive over the last three decades. Increases in abunuze were interrupted only briefly
during the late 1990s and early 2000 when the population declined at a rate of one percent
annually, a downturn that coincided with steeper declines in the abundance of SRKW.

The history of predominantly positive growth rates in SRKW would promote confidence about the
future persistence of the population if the population were large. However, the relatively small size
of the population raises concerns about its viability as a result of environmental and demographic
effectsexposing the population to risks of extinction. A key point, occasionally overlooked by
participants in the first two workshops, is that theSRKWpopulation is not declining. The

population appears to be growing with some variation that can be attributeda expected annual
fluctuations in vital rates characteristic of populations of vertebratesConcerns about its future
arise primarily from the current and recent size of the population and the potential impacts of
future, unforeseen events on a populatiothat lacks the resilience created by higher abundance.
Moreover, there isserious concernabout the future of the L pod, wheralemographic stochasticity
has caused an imbalanced sex ratio such that there are more adult males than females, leading to a
long period of declining abundance.

2.2 Key Questions

Understanding the current status othe SRKWpopulation is a necessary starting point for any
discussion of actions needed to improve its status. THeanelwas asked to examine current
knowledge of population s$ze, growth rates, and demography of SRKW relative MRKW (Northern
Resident Killer Whales) to assess current trends relative to historical trends in abundance and to
evaluate understanding of the current status of the population relative to recovery gtma

2.3 Responses toKey Questions

Population Growth Rate

Observations of known individuals over an extended period of time allow estimation of vital rates
of populations that are more accurate tharthose based ordata lacking individual histories. Thus,
the database used in the demographic analysis is a notable strength. The analyses conducted to
infer population trends were state-of-the-art in their statistical and mathematical sophistication.
The Panelfinds little fault in the data or in their implementation in models of historic population
dynamics.

Analysis of the longterm population growth rate (hereafter, lambda,/ ) of the population of SRKW
from data obtained during 19702010 revealed reasonably strong evidence that thpopulation is
increasing (Ward and Barre 2012, Ward et al. 2012a)There were large differences i/ among
pods, with J and K pods showing the strongest evidence of growth. The posterior distrtion of /
for the L podrevealed that values for/ <1 cannot be ruled out Figure 2-1).

8 The Independent Science Panel and ESSA Technologies Ltd.
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Itis importanttoreconAET A OEA 11 001 U PT OEOEOA bPi OOAOETI O AEOO
observation of declines in their numbers since the early 1990&-igure 2-2). This can be explained

AU OEA x AU 1 foxthie © pod Becabige thérewlerd no significant differences in age
OPAAEZEA EAAOTI AEOEAOh OEAOA xnAividdal @dsiBechuseagd O OOA E
specific survivals tended to be lower inthe podOEAT ET OEA T OEAO Oxi BI1 AOh
different survival (i.e.,lower) probabilities for the L pod. Thus, the difference in stagespecific

survival rates would be responsible for the downward shift in distributions of} for L pod compared

to Jand K pods, but the assumption that L pod agspecific fecundities were the samasfor Jand K

pods would move the distribution of 1 for L pod upward toward that for Jand K pods.

The mean value of/ across J, K, and L pods was less than the recovery goal of 1.023. However, the
distribution of possible / values includes values thaexceededecovery goals, as well as values of

/ less than one. The key result here is the uncertainty about the expected legA Oi BT DOI AOGET T
growth rate. Analysis by Eric Ward followingWorkshop 3 indicated that this conclusion was not

sensitive to thestarting point of the time interval over which the growth rate was calculated.
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Posterior distributions of deterministic lambda
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Figure 2-1. Estimates of the posterior distribution of population growth rate 00 @.006 EO OEA DPD{1MWAAEI EOU OE
(the red area under the pobability distribution), or the probability that the population may be experiencing a long term
population decline.Source:Ward et al. 2012a
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Figure 2-2. Observations of total population size for the entire SRKW population (top panel) and for each pgabttom
three panels).Source:Eric Ward email tothe Panel Sept20, 2012, updated Nov. 27, 2012

The evidence that recovery goals may be met in the lorigrm results in part from the assumptions
required by the analysis of/ . The / analysis only applies to time scales of decades and applies
only to populations at longterm equilibrium for sex and age composition (but not for abundance).
What this means is that the estimate for depends on a mix of sexes and ages that would be
expectedon average over many yearslhe value of this approach is that it focuses on the lorigrm
and does not respond to short term fluctuations in population compositionShort-term fluctuations
may resultfrom the randomness of the births and deaths, as well as the sex rafidese fluctuations
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can be particularly pronounced in small populations such as theRKW The estimated values of
average out all these sources of randomness.

The longterm population growth rate (/ ) of SRKWis unambiguously lower than/ for NRKW
(Figure 2-3). These differences in/ result from clear differences in vital rates;SRKWhave lower
fecundities and survival probabilities relative toNRKW. Life expectancy of females showed large
regional effects (37.8 for SRKW vs. 44.9 for NRKW). Expected number of offsgralso differs
markedly between regions (3.1 for SRKW vs. 3.5 for NRKW). Regional differences in strength of

density dependence could not account for the observed differences in population growth rates
(Ward et al. 20123 slide 59.

)
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Figure 2-3. Posterior distributions of population growth rate for SRKWand NRKW. The top graph represents the average
| for J, K and L podsSource:Ward et al. 2012a

VélezEspino et al.(2012) presentedan alternative demographic analysis that reached substéally
different conclusions than those presented in the first twavorkshops, which are discussed above.
yT DPAOOEAOI AO OEA AOOEI A0 A.99) imdichtingthaidon verkge,En®1 U 1 AOO
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population was expected to decline, although #uncertainty in this estimate means that we almost
surely cannot rule out positive growth ratesMoreover, the absence of any estimate of uncertainty
in the VélezEspinoet al.estimate means that we cannot know if it is meaningfully different from
the Wad estimate.

The Panelconcluded that aspects of the VéleEspinoet al.analysis were problematic His estimate

£ 1 xAO 110 AAAT I PATEAA AU AT U AT 1T £ZEAAT AA AT OAT I
uncertainty. The primary cause for the seming difference between the two analyses appears to

arise from the way that agespecific survival was estimated. The VéleEspinoet al. method ignored

information on the fates of individuals, which is a major strength of the data set. Instead, they

N. .. )
estimated survival for age class as —* . If the abundances were large, this would not be a

it
problem, especially considering that abundances are measured very accurately, except forsub
yearling calves. However, for small populations, such ratio estimators are not robust
representations of population survival rates. For example, if during one year, there was a single
death in an age class containing 4 individuals, then the ratio estimate of survival probability would
be 0.75. By taking the means of these ratios, this highly uncertain estimate of sival (Figure 2-4,
dashed line) would have the same weight in the overall population estimate of survival as 10 deaths
out of 40 individuals. Although the two estimates have the same mean, the latter survival rate
estimate is more precise Figure 2-4), and should therefore get higher weight in the overall
population estimate.The Ba/esian approachpresented byWard et al.(2012a, 2012b)takes
advantage of individual animal fates to achieve a proper weighting of information.

Probability density
3
|

0.0 0.2 0.4 0.6 0.8 1.0

Survival probability

Figure 2-4. Bayesian posterior distributions for survival probability based on 1 death in 4 individuals dashed line and
10 deaths in 40 individuals 6olid line).
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Other issues that need investigatiofinclude the consequences of a stagwmsed model(Vélez
Espino et al. 2012)vs. an agebased model(Ward and Barre 2012, Ward et al. 2012aand
sensitivity to the choice of initial year for the time series of abundace.

It is the conclusion of thePanelthat the VélezEspinoet al.analysisoffers alternative perspective.
However, it is preliminary. Itis OE A 0 vntlefstar@lify that the ceauthors of this presentation
had not yet reviewed it when the material wagresented to us. The analyses presented in the
earlier workshops had been more thoroughly evaluatedfor instance, with major components of
these analysis have undergone independent peer review and publicatigWard et al. 2009, 2010b)
Thus, the Panel conclusions and recommendations remaincigsed on the analyses of SRKW
demographics, growth rates, and projections models from the Ward presentatiorfg/ard and Barre
2012, Ward et al. 2012a)

Controls on Population Growth Rate

Historic data provide indght into the factors that controlled the population dynamics oNRKWand
SRKW. An exhaustive model selection exercise showed evidence for differences in fecundity
betweensouthern and northern populations (Ward 2012). The bestsupported model included
region and indices of salmon abundance as predictors of fecundity, but did not include a density
effect. The effect of indices of salmon abundance did not depend on regietihe bestmodel
performed better than any model with an interaction term, suggestingecundity of southern and
northern populations responds in a similar wayto the prey index. The second best model included
male population density and region as predictors.

Models predicting survival from historic data were not easily interpreted(Ward 2012). There were
three-way interactions among region, density dependence, and indices of salmon abundance,
interactions that could not be understood biologically Eliminating models with threeway

interactions failed to clearly isolate factors controlling survival. The best model showed a negative
relationship between female density and survival foNRKWand aninexplicable positive (although
weak) relationship between female density and survival of SRKW. The next best model contained a
similar response to salmon foNRKW and SRKVdnd female-baseddensity dependence for both
However, the effect of density depenghnce varied by region. Effects of female density on survival
were far weaker in the southern population relative to the northern population.

The results of analysis of historic data complicate the interpretation of the mechanism presumed to
be responsiblefor the correlation between salmon abundance and killer whale vital rates. The
textbook mechanism for bottomup limitation of predators by prey is that reductions in prey
abundance retard the percapita rate of consumption of prey by predators via theirdnctional
response. Reductions in pecapita rate of prey capture, in turn, cause reductions in survival and/or
fecundity, thereby reducing population growth via the numerical response. This chain of logic
implies that there aretwo ways that the growth rate of predator populations can be increased: (1)
by increasing the supply of prey or (2) by reducing the number of predators exploiting the prey. In
both cases, percapita rate of prey consumption should go up leading to enhanced fecundity and/or
survival. If the classic mechanism prevails, then we should see support in predictive models of vital
rates for effects of prey availability(i.e.,the salmon indicesandthe effect of killer whale density).
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However, the effects of density for SRKW were difficutb interpret using the classical line of logic.

It is not immediately clear why increases in male density should be more strongly associated with
fecundity than increases in female or total density. The weak, positive relationship between SRKW
females andsurvival is contrary to a mechanistic interpretation of functional response influencing
the numerical response. The fact that density dependence was stronger in the northern population
than in the southern population(Ward et al. 20123aslide 59) suggests that the northern population
should experience stonger bottom-up limitations as the population grows, a prediction that is
contrary to observations. All of these difficulties of interpretation cast doubt on a simple, causal
interpretation of the positive correlation between salmon abundance an®RKWuvital rates.
However,the Panelmust also point out that the relatively narrow range of density during the

period of analysis may mean that there was insufficient statistical sensitivity to detect effects of
density.

Population Size and Demography

Evidence fa a positive growth rate in populations of SRKW suggests that the population should be
increasing, but trends in abundance show little change in population size, particularly during the
last decade. This raises the question, why has the population remainsehall despite a positive
growth rate?

The answer to this question appears to come from demography. The K and L pods are each about
60% male which could be the result of demographic stochasticity in the sex ratio at birth and/or
juvenile survival. A male @minated population would cause the population to grow more slowly
than would be expected if the sex ratio of pods were 50/50 male/females. In contrast, the
proportion of females in the Northern Resident population has been increasing recently and in
somepods exceeds 60%. Differences in sex ratios between teeuthern and northern populations
may therefore partially explain the differences in their rates of increase and in their abundance.

The primary cause for corern about the viability of SRKWs its amall population size. This concern
motivated the Panelto ask what is known about the historic size of the population. Demographic
reconstruction showed that the largest known size was likely 96 animals in 196(Ford and Parsons
2012), leading to the conclusion that the population size has not varied dramatically over the last
45 years.

Synthesis

Understanding thecurrent state of the population of SRKW and the forces that have shaped the
current state provides insight into the need to take action to alter the future trajectory of the
population. There were two results from the analysis of current status that are pacularly

compelling. First, analysis of the longerm population growth rate emphasized the importance of
properly estimating uncertainty. Although the estimate of the mean’ was strongly positive, the
possibility of growth rates less than 1 cannot be ruled out, nor can we reject the idea that lotgrm
growth rates will exceed recovery goals. Second, the absence of a clear negative feedback from
population size to vital rates complicates the mechanistic interpretation of a posite correlation
between vital rates and food supply. Classical theory in community ecology predicts that reductions
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in the number of predators or increases in the number of prey should produce similar responses at
the population level. This finding raises dubts about the cause and effect relationship between
salmon abundance and killer whale vital rates.

2.4 Recommended Information and Analyses

The Panelrecommends that the analysis of VéleEspinoetalET AT OAA AOOEI AOAO
and that the analysis undergo peer review.
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3.0 FEEDINGHABITS AND ENERGETIONEEDSOFKILLER WHALES

3.1 Context

The apparent specialized diet 06 6§RKWon Chinook salmonwhile in the southern entrance to the
Salish Sea from May to September means that it is biologically plausible for reduc@dinook
salmonabundance to cause nutritional stress and impede recovery tiie SRKWpopulation.
Considerable researchhas been undetaken by NOAA, DFCNGOsand othersto assess the
mechanistic link betweenChinook salmonabundance and the demographic dynamics of SRKW.
This research has sought to determine whale distribution, diet composition, metabolic
requirements, and indicators d nutritional stressbgand explore whether salmon abundance is low
enough to cause such stress IBRKW

Distribution. J K, and L pods typically feed in the inland waters of Washington State and British
Columbia (Strait of Georgia, Strait of Juan de FucadaPuget Sound) from late spring to fafBigg
1982, Ford et al. 2000, Krahn et al. 2002)hey are known to visit coastal sites off Washington and
Vancouver Island(Ford et al. 2000, Krahn et al. 2004)and to travel as far north as Southeast Alaska
(Chatham Strait), and as far south as central California. Winter and early spring movements and
distribution s are largely unknownghowever, limited data from acoustic monitoring, photo-
identification and contaminant signatures in blubber suggest some individuals spend substantial
time in coastal waters off the coasts dlVashington, Qegonand northern Galifornia (Krahn et al.
2002, 2009, Riera 2012)

Diet (Species & Size Selectivity). Limited dietary information based on identification ofscales,
tissues,and fecal DNA suggests th&RKWprimarily consume large Chinook salmonfrom late
spring to fall, andlesser amounts oichum salmon infall (Ford and Ellis 2006, 2011, Ford et al.
2009, 2010b, Hanson et al. 2010a, 2010b, 2010c, Hanson 2011, Ford 201Zather salmonids
(coho, steelhead, sockeye, and pink) and other negalmonids (herring, rockfish) appear in diets
occasionally Somach contents from a limited number of dead stranded resident whalelsave
contained squid beaks(Ford et al. 1998) which suggests thabther non-salmonid prey are
occasionally ingested. Winter diets remain poorly describedut are believed to be more diverse
than in summer and consist of smalleiChinook salmonand greater numbers of norsalmonids (ling
cod, dover sole, and halibut) than observed during the summer and fall.

SRKWhave strong preferences for largetbodied organismswhich in the case ofChinook salmon
tend to be energetically densethan smaller prey. The age distribution ofChinook salmon

consumed bySRKWdoes not match the age distribution o€Chinook salmonthought to be available

to killer whales (as predicted by the fisheries management modekRAM;Ward et al. 2010a)

Instead, SRKWconsumegreater proportions of the larger (older) fish (particularly the 4- and 5
year-olds) relative to the overall numbers ofChinook salmonpresent. They also seem to feed

mainly on salmon bound for the Fraser Riveduring the summer, and appear to take less of the
Puget SoundChinook salmon(Ford and Ellis 2006, Hanson et al. 2010a, Parken et al. 2011, Warheit
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2012). Unfortunately little is known about diet and salmon selectivityduring win O A @ndmportant
uncertainty given the variation inenergy densityamongChinook salmonstocksand the need to
understand energy intake and identify the criticalChinook salmonstocks SRKWrely upon.

Daily Prey Requirements. The amount ofChinook salmonrequired by SRKWwas estimated by
NOAA using a bioenergetics modéNoren 2011a, 2011b)for three time periods (OcbberzApril,
MayzJune and JulySepember) based on theproportion of Chinook salmonin the diet, daily energy
requirements and time spentby SRKWin inland waters. The stockspecific consumption forSRKW
in the summerwas also estimatedHanson et al. 2011)DFOconcurrently estimated the number of
Chinook salmonneededby Resident killer whales using the Noren bioenergetics modéFord et al.
2010b), while Williams et al.(2011) estimated SRKWChinook salmonrequirements under a range
of scenarios using morphometric data from Icelandic whales and captive killer whaleall of the
estimates of daily prey energy requirements are sensitive to thieody size of the whales andhe
calorific content of the Chinook salmontdas well as theproportion of diet that isassumed to be
Chinook salmonLactation is a significant energetic cost for females with calves, bdbes not
contribute significantly to the estimated prey requirements ofthe overall population because few
individuals are lactating at any one time

Nutritional Stress. 0 ET OT COADPEO | £ OEET xEAI AGEAAA O©BIOAOIOADE i
(loss of the nuchal fat pad behind the skull) s RKWsuggest thata fewindividuals in some seasons

are significantly emaciated. Such weight loss can arise from a variety of causes that range from

malnutrition due to food shortage, to malnutrition secondary to infectious disease, parasitism or

chronic degenerative processes. In wild mammals, the most commonly recognizealise of

generalized weight loss is food shortagée.g. King and Murphy 1985, Trites and Donnelly 2003,

Schultner et al. 2012)

Body condition of marine mammals can range widely among individuals within a population, and
social factors such as prey sharing may complicatdentifying relationships between prey
availability and nutritional status of an individual. Little is known about the factors that influence
body condition of wild whales, although correlations between body shape and environmental
conditions have been maddor baleen whales, with me study indicaing that weight loss behind the
OEOIT | OPAAT OO E Esshiichi@s rbbdstugiedsdciatedwith Idcttion in adult
females(Bradford et al. 2012), while another study concluded that body condition varies with the
duration of the previous feeding seasor{Perryman et al. 2002)

The presence of emaciated whales in the SRKW population that have subsequently disappeared

indicates that some individuals in poor condition may have experienced nutritional stress, although

it remains unclear whether it is a seasonal and frequently occurring phenomenon BRKW It also

remains unclear what caused the poor condition of these animals, @rvhat the background rates of

this syndrome are! | AET O AEAI T AT CA ET ET OAOPOA&EBT ¢ AAOA 11
OUT AOT T AO 1O T OEAO ET AEAAOQT OO0 1T &£ 1 OO0OEOEIT AT OOOA
compare new observationdbecauseall wild populations encounter periods of nutritional stress.

Poor condition and nutritional stress could contribute to increased mortality or reduced fecundity

of SRKWthrough a variety of mechanisms (i.e., direct starvation, increased susceptibility to trawm

due to increasedforaging movements, decreased resistance to infectious disease, mobilization of
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lipophilic toxic chemicals, etc). Poor condition and nutritional stress could also decrease
recruitment through changes in calving intervas and calf survival. Indicators of nutritional stress in
individual whales include behavioral, morphological, hormonagland reproductive changes that can
be assessed with a variety ahethods. However, prey sharinddocumented to occur about three
guarters of the time;Ford and Ellis 2006)complicates understanding the effects of prey limitation
on some individuals of theSRKWhpopulation, especially adult females that do more sharing.

The effect of prey sharing on the assaation between food limitation and body condition could
accentuate individual differences in body condition if animals continue to share prey at the expense
of their own loss of condition and allow the receiving individual to gain weight. Conversely, prey
sharing could mask individual differences in body conditionf more successful animalghat arein
better condition share prey with thinner individuals. Thus, the influence ofood availability on the
social structure of resident killer whales (Foster et al. 2012)confounds the relationship between

food availability and nutritional condition among individuals and complicates making simple
conclusions about the causes of any changes observed in the body conditiosSBKW

3.2 Key Questions

Diet composition, foraging distritutions and metabolic requirements ofSRKWoutside of the
summer monthsare not well described because thee data are difficult to obtainand have been
gathered opportunistically rather than collected following a statistical designConsiderable effort
hasbeendirected towards determining diet composition and selectivity, particularly onChinook
salmon. ThePanelwas asked whether the approaches and methods used to estimate diet
composition and selectivity were scientifically reasonable and whether these ¢hniques could be
improved. ThePanelwas also asked to assess the conclusion tHaRKWeat mostly Chinook salmon
during the summer and fall in the Salish Sea.

In terms of the prey requirements ofSRKW the Panelwas asked to assess whether the
bioenergetics modeling approach used to estimate energy needs was a scientifically defensible
approach and whether there were additional refinements that could be made to improve these
estimates of predatory demand orChinook salmonin the Salish Sea. ThRanelwas dso asked to
evaluate whether ratios of energy needed bRKWto the energy available fromChinook salmonin
the Salish Sea were a reasonable and defensible way to assess the adequacChiobok salmon
stocks for sustaining and rebuildingSRKW

Finally, the Paneladdressed whether behavioral, hormonal, or estimates of body condition were
useful metrics for assessing nutritional stress irSRKWrelative to seasonal and interannual
variation in prey availability.
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3.3 Responses to Key Questions

Diets of Southern Resident Killer Whales

Diets of SRKWhave been determined from scales and tissue recovered from salmonid prey that are
broken up near the surface for sharing among individual®iets have also been determinedrom

the stomach contents of deadvhales, and from the prey DNA in fecal samples. Thegeantitative
molecular methods used on individual samplesare solid and state of the art. Howeverollecting
samples is difficult and the descriptions of diet are not necessarily representative of tlemtire
population given theconcentration of effort in the summer through autumn months, with little or

no coverage in the winter monhs. Furthermore, biases associated with likelihood of prey being
shared, digestibility of prey and amount of DNA per samelwill influence results. ThePanel

believes that, despite the logistical challenges of collecting diet samples, the existing data offer a
reasonable indication of summer diets 06RKWin the Salish Sea.

The winter ecologyof SRKWafter leaving the SalistSea differs from their summer ecologybut
there is little information about diet compaosition and selectivityin winter months. Given the
general absence of the whales from the Salish Sea in winter, they are less likely to consume
significant amounts of Faser River salmon. However, winter diet composition is a major source of
uncertainty in understanding the foraging ecology 0ERKW

The majority of dietary data show thatSRKWand NRKWhave a preference for salmon, particularly
large Chinook salmonwhich appear to account for >80% of the diet from MagSeptember. The
general conclusion thatSRKWconsume primarily large Chinook salmon(4- and 5-year-olds) is
reasonable and supported by the available informationt is conceivable that smalleiChinook
salmonmay not be shared as readily and could be swallowed whole without much handliggA
factor that could bias detecting the presence dZhinook salmonin the diet from tissue and scale
data (Hanson 2011). Fecal DNA samples can detect the presence and proportions of Chinook
consumed, butcannot provide information about their sizes.Some groundfish couldalsobe
swallowed at depth without being brought to the surface, ad would not be detected by scale and
tissue sampling. Fecal DNAesting canovercome this potential sampling bias (although digestion
may obscure the passage of DNA from some prey species).

The samples obtainedn Puget Soundduring early winter (OctoberzDecember)suggest a greater
reliance by SRKWon chum salmon and on demersal speciehiring winter, although 24 samples
collected in coastal waters indicate a predominance @hinook salmonin the diet (Hanson 2011).
The paucity of winter diet dataoutside of Puget Soundimits the ability to assess the degree to
which SRKWrely on chum salmon, smalleChinook salmon or other fish species during this
potentially challenging time of year.

Biopsy samples from some individuaBRKWgive indirect information about diet for a small

number of years. Limited data on nitrogen stable isotope ratios in skin samples suggest that L pod

may have changed its dietary trphic level over the lastdecad¢ / 6 . AET 1 Al@isdtdp8@ c¢mpgAQ
ratios also suggest that the diet trophic level of K pod varies seasonaliyingerprints of lipophilic

contaminants in blubber biopsies #&o0 provide insight into diets. Ratios of these contaminants
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found in the blubber of K and L pod match with similar ratios of prey species in Californés
indicated by the relatively high concentrations of DDTsuggesting that fish from California form a
significant component of their dietsj + OAET A0 Al 8 c¢a.20Q®b). ¢nnmwh /8. AEI 1

Though logistically challenging, futureresearchon diets of SRKWshould expand seasonally and
include winter surveys, ideally reflecting temporal and spatial distribution of the whales Further
refinement of the currently employed methodologies and sampling designs are likely to show a
more complex and diverse diet related to age, sex, pod and time of year than presently recognized.
However, further diet studies are unlikely to changehe fundamental finding to date thatChinook
salmonare the most important component of the SRKW diet. Instead, they should provide data
needed to determine whetherSRKWcan adaptalternative foraging strategiesduring times when
Chinook salmonare rare by consuming alternate prey at rates that do not compromise their fithess
or by moving outside of the Salish Sea to consume other stocksasfinook salmon(Hanson et al.
2012).

Diet analysis that determines the freqency with which species of prey occur in stomachs or fecal
samples requires ~70 samples by season to accurately describe di@trites and Joy 2005) A
sampling design should be implemented with a coordinated effort to collect the necessary numbers
of samples. Additional insights into diets 0SERKWcan be obtained from killer whale blubber and

skin samples through analysis of contaminant ratios, stable isotopes and fatty acidmposition.
Direct observation of predation bySRKWrelative to potential prey sources also contribute useful
information about diets and preferences.

Energy Needs of Southern Resident Killer Whale s

The modeling approach used to estimate the food requirements 8RKWis sound and consistent
with the models that have been developed for other species of marine mammadlsyields
reasonable estimates of energy needs,thbugh there is considerableuncertainty due to
uncertainty in some of theparameter estimatesand assumptions madeThe estimated energy
requirements of SRKWhave been derived using the best available data, and canybe refined by
incorporating better parameter estimates for such variables as body mass at age, activigasonal
changes in body condition, and basal metabolic rates. Such model refinementt come with time
and will improve confidence in the estimaésof energy needs Nevertheless, the numbers of fish
that NOAA and DFO estimate th&RKWrequire are within reasonable limits.

In addition to refining model parameter estimates, seasonal variability in energy requirements a

key uncertainty that still needs to be addressed. Photogrammet data could be used to determine
whether seasonal changes in body conditionccur (as suggested by seasonal changes in fecal
hormones; Ayres et al. 2012) Additional photogrammetry data would contribute to determining
whether there is arelationship between body condition andseasonal banges inenergy

requirements due to differences inreproductive stage, movementand daily activity budgets.It

would also contribute to identifying possiblemismatchesin seasonal prey availability with seasonal
energy requirementsthat could have signifcant physidogical effects on fecundity oisusceptibility

to disease. Photogrammetry data could also be used to investigate body condition changes in years
of high versus lowChinook salmonabundance.
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Photogrammetry appears to be a promising technique tdetect changes in body shapéurban et
al. 2009, 2012) and could be further refined using captive killer whalesA systematic use of
photogrammetry to evaluate seaonal and annual changes in individual whale body condition can
provide key data to assess the nutritional status dRKWkelative to population recovery. However,
this use of photogrammetry assumes that changes in condition can be causally linked to chesx(n
individual reproductive success and survival.

Ratios of Energy Needs to Energy Available

The ratios of energy needed bpRKWto the energy available to them fromChinook salmonare not

particularly useful for understanding whether fisheries forChinook salmonaffect the population

dynamics ofSRKW8 3 Ei Bl U DPOOUYOEAOA EO 11 TAEAAOEOA i1 AATO
of the ratios on the status 0SRKW The forageratios therefore provide little insight into possible

prey limitation s facedby SRKW andrequire knowing whale fitness or vital rates as a function of

the supply-to-demand ratiosto be useful The ratio cannot be interpreted wthout havingsuch a

functional response (unless it is < 1 and clearly indicative of a prey deficiency).

Comparisons between the SRKWand other apex predators in other ecosystemare alsonot well
justified, and are again difficult or impossible to interpret without knowing what demandsare
placedon Chinook salmon(or any prey) by the entire community of predators that feed on them
(the predator demand component of the ratid. It is possible for example that killer whales
consume a lager component of the Salish Se@hinook salmonstocks because th&alish Sea is
home tofewer other important apex predatorscompared to other ecosystems.

Calculating ratios does not appear to provide any meaningful information about either the
ecosystem or the biology o65SRKW Continuing to undertake this analysis is not warranted. Such
analyses might provide some insights intahe ecology of the Salish Sea ecosystem if directly
comparable modelsare generated forother species inthe Salish Sear other ecosystems (i.e.same
assumptions, taxonomic resolutionetc.). Thecalculatedratios (Noren 2011b, Williams et al. 2011)
have beenderived from many disparate models with very different assumptions.

Nutritional Stress

The available information on body condition of individualSRKW(Durban et al. 2009, 2012)
documented 13 members of the(SRKWpopulation in poor condition using boat-based photographs
obtained from MayzSeptember over the period 1994 through 2008. All but two of those individuals
subsequently died. None of the individua that died were recovered and examined, so definitive
date and cause of death are unknown. However the implication from these data is that soBiRKW
have been nutritionally limited at certain times of year.

The data available on fecal hormone levels arenclearly indicative of nutritional stress in the
SRKW populationMeasurements of fecal hormones can give valuable insight into the physiological
status of individual animalsand populations Triiodothyronine (T3) and corticosterone
concentrations in fe@l samples collected over three years from killer whales from all threERKW
pods suggest seasonal changes occur in fecal T3, with a decline in values from spring through
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summer to fall (Ayres et al. 2012) This change could be explained by changes in photoperiod, as
well asby individual differences innutritional status, age, sex, reproductive statustressand PCB
exposure of individuals sampled(St. Aubin and Geraci 1988, 1989, Fait al. 2011, Schwacke et al.
2012). thanges in photoperiod are major drivers of thyroid gland functionWalton et al. 2011)
which is consistent with thereported linear response of T3n the SRKWto Julian date(Ayres et al.
2012). Unfortunately, the lack of fecal hormone data in winter months due to logistical difficulties
associated with sample cdéctions limit the interpretation of the available fecal hormone data to
assesghe nutritional status of the SRKW

Although nutritional status can influence fecal thyroid hormone levels, other factors such as age,
activity, day length,water temperature, reproductive status and contaminant exposure also affect
fecal hormone levelgOki and Atkinson 2004, Ciloglu et al. 2005, Ross et al. 2007, Fair et al. 2011)
It is thus uncertain whether the seasonathangereported in fecal thyroid hormone levels indicates
nutrit ional stress or a seasonal endocrine shifissociated withother factors.

Cortisol levels are indicative of activation of a stress response, which is a common physiological
pathway that results from any stressor(in addition to nutrition ) such as sound, bat traffic, or
conspecific aggressionUse of fecal cortisollone as an indicator of nutritional stressis therefore
limited in an environment with considerable human activity.

Social behaviorand group sizesnay also be altered bychanges in nutritional status and the
availability of prey (Lusseau et al. 2004)Low availability of Chinook salmonand a bng-term
reduction in returning stocks of Chinook salmonappear tohavereduced social cohesion inSRKW
(Parsons et al. 2009and increased movementsof SRKWin the San Juan Islandé@VicCluskey 2006)
Changes n social behavior maythus be more sensitive indicators of nutritional limitation than
changes in fecundity or survival fofSRKW

3.4 Recommended Information and Analyses

Diet Analysis

A shortage of samples during winter is the biggest gap in diet studies 8RKW Increased effort is
needed to obtain winter samples (NoemberzMay). One approach is to satellite track tagged
individuals to determine where fecal,tissue and scale samples can be collectedowever, this is
logistically difficult and can impact thebehavior of individual animals that are tagged.

A second limitation of current understanding of killer whale diets is that tissues and scales
recovered in the water column after food sharing ardikely biased towards salmonids. More fecal
sampling istherefore needed to detecthe prevalence ofnon-salmonids, and determine the extent
to which tissue and scale sampling might be biased by prey sharifnghe utility of fecal sampling
could also be evaluated by feeding known prey to killer whales in aquaria amgllecting and
analyzing their fecal DNA.

A third recommendation is to continue archivingfecal and blubber samples from future stranded
animals in addition to stomach contentsDietary analysisof these samples can be compadevith
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those obtained from stanach content analysis. The full thickness of the blubber shouldsobe
archived for future dietary analyses using fatty acids.

Finally, more effort could be expendedn contaminant fingerprinting techniques that hold
substantial promise for improving estimates of SRKW dietand identifying likely feeding locations
based on the similarity between their contaminant fingerprints and the fingerprints of their
available prey.

Energetic Needs

Satellite tagging of whales inwinter and continued acoustic monitoring outside the Salish Saa
needed to identify winter foraging areas andestimate the range of movements to determinactivity
budgetsand better estimate the prey requirements ofSRKW In addition, future analysis offoraging
behaviors is needed to detecpotential changes in activity budgets (proportion of time spent
foraging, socializing, restingand travelling), movement patterns (frequency and duration of
excursions outside of regular feeding areas), dispersiorsgreading out if prey density is low),
foraging success (lower catch per unit effort when prey availabilitys low), and prey switching
(increased predation on alternative prey ifChinook salmondensity is low). However, interpreting
changes in behaviorapatterns assimple indications of nutritional (or other) stresseswill be a
continual challenge.

Nutritional Status

Overall, thePanelbelieves that increased use of photogrammetry to monitor seasonal and inter
annual changes in growth and body condition fdSRKWis likely to yield the greatest number of new
insights into the foraging ecology o6RKW Research designed to monitor nutritional status of
SRKWshould focus onrefining and evaluating currentphotogrammetry methods(e.g. Durban et al.
2009, Fearnbach et al. 2011fo evaluatethe utility of different morphometric indices as measures
of nutritional status. Research should also undertakéongitudinal sampling to investigate seasonal
changes in body conditiorof individuals, and atrisk age- and sexclasseslin addition, analysis of
individual calving intervals, group sizes and association strengthshould be assessed as measures
of relative feeding conditions.Changes in social cohesion may be a sensitive indicator of nutritional
stress inSRKW(Foster et al. 2012) Photogrammetric surveys should be coordinated with biopsy
sampling to enable comparisons with the more direct measures of nutritional status.
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4.0 FISHERIES ANOPREYAVAILABILITY

4.1 Context

The Panelwas asked toevaluate the available information and analyses concerning abundance and
distribution of Chinook salmon distribution of SRKW, and how fisheries may affect the availability
of Chinook salmonto SRKW in their summer critical habitat and in coastal waters where SRKW are
found during other months. The Panel was also asked tassesghe possible increases in ocean
abundance ofChinook salmonthat might result if ocean and/or freshwater fisheries wele closed
and/or modified. The Panel does not pass judgment, in this section, tire issue of whether or not
possible increases in ocean abundance would materially increase the probability or speed of
recovery of SRKW.

Historic vs. Current Abundances and Ma rine Distribution of Chinook Salmon: The

L o~ A o~ N

Myers (2011) presentedOAAAE 1T £ OEA A1 OAT 1 bA6 AAI ADOI AGET T O j Al
assumptions regarding relationships between numbers of fish processed and cannery records) of

historic (1890-1920) abundances ofChinook salmonin the mainland US, coastal British @umbia

and the Fraser River. These estimates suggest that historic abundances were dominated by fish

AOT I OEA #1101 AEA 2EOAO jt8¢ 1 EITEITT qh B#ithH E Al O EA
ColumbiaO Ol AEO j 3EAAT A C O lod)ithiHe Frgser'Ribeh (.65 midliorpahd | E1 1
Puget Sound (0.69 million) making substantial contributions as well.

Contemporary abundances o€hinook salmonin the Pacific Northwest and California have been

greatly reduced from these historic abundanceand many Evolutionarily Significant Units (ESUs) of

Chinook salmonare listed as threatened or endangered under the US Endangered Species gkt

many British Columbia stocks have been identified as of stocks of conservation concdindeed,

one wonders f recovery of some of thes€hinook salmonpopulations is limited by killer whales

and increasingpopulations of harbor seals and sea lionf_essard et al. 2005) As noted byMyers,

declinesin spring-run fish have been dramatic in many river systems, in part because the historic

spawning grounds of these fish are today often above impassable dams. Declines in abundance of
spring-run fishhaOA AAAT DAOOEAOI AOI U AOGEAAT O ET #Al EA& O E/
(interior spring Chinook salmon and in Puget Sound. Coastal British Columbia populations from

OEA 3EAAT A AT A O/ O6O1 UET C ! OAAOO akdiddiliesiA@DAOEAT AAA
abundance have been alarming in southern British Columhia

Associated with the declines in abundance have also been shifts in age structure of many

populations toward younger age and smaller adults. Such shifts have ranged from fairly modest

(e.g, Willamette River springO 0T @ O7 NOEOA OOOEEEI C j A8C8h #AIl E&El (
O1 A LChidoék salmonpopulationsj ET A1 OAET ¢ OE | GChntraEelldy, sediyérE £l OT EAB (
2011, slide 13), ageb adults are rare and ageb fish are virtually nonexistent, though historical
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records from the same populations indicate that ag® fish were common and agé were regularly
present2.

Recoveries of codedvire tagged (CWT) hatcheryChinook salmonin ocean fisheries have provided

strong evidence that marine distributions vary substantially according to stock of origin. Early

analyses of CWT recoveries from California and Oregon coastal stocks suggested @ranook

samonOOT AEO O1 OOBRPRAAE" I QA @Ii-il B\@AX @O T COELAEOE OEAO AOA
entirely from central Oregon through central California(Nicholas and Hankin 1988) Northern

Oregon Coastal stocks, and most lateaturing Columbia River fallChinook samonO 01 AEO AOA O &A
north-i ECOAOET ¢o6 AT A AOA AAPOOOAA ET 1T AAAT FEEOEAOEAO
British Columbia and Alaska. More recent and more extensive analyses of CWT recovery patterns

for Chinook salmonstocks (Weitkamp 2010) have revealed a dozen distinctive patterns of ocean

recoveries which appear related primarily to the geographic area from which stocks originate. One

interesting generalization for north-migrating stocks is that older fish tend to becaught further

north from their river of origin than younger fish. Although mostChinook salmonstocks seem to

have relatively nearshore coastal distributionghat make them highly vulnerable to ocean troll

fisheries, streamtype spring-run Chinook salmonfrom the Interior Columbia system and from the

Fraser system appear to have a neooastal ocean distribution(Myers 2011). Marine fishery

impacts on such sprim Chinook salmonstocks are very minor and availability to killer whales

would be largely limited to terminal areasas mature fish

Recent Trends in Chinook Salmon Abundance and Fisheries

Kope and Parken(2011) summarized trends in abundance and fishery catches @hinook salmon
for various aggregates for e period 1979 to the present. The period begins with the first years of
fisheries regulated under the 1976 US Fisheries Conservation & Management Act which established
the Pacific Fisheries Management Council, and also is a period of time during whiclhéses
managers have relied very heavily on recoveries of codedlire tagged hatchery fish to serve as
indicators of exploitation history for many natural-origin Chinook salmonstocks.Comparing
averages for 20012010 with those for 1979-1988 and considerirg stocks of likely importance to
the SRKW, Kope noted that: (1) Fraser Earyhinook salmontotal abundance (terminal run +
fishery impacts) has increased by about 36%, and terminal run size has increased by more than
100%; (2) West Coast Vancouver Islandggregate total abundance has decreased by 35%, but
terminal run sizes have increased by about 19%; (3) Fraser La@hinook salmontotal abundance
has decreased by about 51%, but terminal run size has increased by about 38¥d (4) Puget

2 Throughout this section, we denote ages of Chinook salmon in total years, equivalent to a tacit assumption
that the vast majority of Chinook salmon stocks that may be available to SRKW are ocean type Chinook
salmon for which juveniles outmigrate as sukyearlings. We recognize, of course, that some important
Chinook salmon stocks have primarily yearling smolts and that size and maturity at total age is different for
these stocks than for ocean type stocks with subearling smolts. Most such stream type stockare spring

race Chinook salmon which, as noted below for upper Columbia stocks, typically have little availability to
ocean fisheries and would therefore presumably have little availability to SRKW in coastal waters. These
stocks would be available to SRW only when they passed by foraging whales on their return to spawning
streams as mature fish.
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Sound total abundnce has decreased by about 38%, but terminal run size has not changed. Goast
wide, Kope noted a approximate 16%decrease in totalChinook salmonabundance but a
concurrent 37% increase in ocean escapement to terminal areas. These shifts toward larger
terminal run sizes reflect changes in management policies that have responded ¢a) unacceptably
high ocean fishery exploitation rateson certain Chinook salmonstocks3; (b) legal requirements for
catch sharing of certain stocks between ocean fisheriesd terminal net fisheries (Native American
and First Nations fishing rights) and (c) weak stock management policies designed to improve
conservation status of ESAisted populations of Chinook salmon(US) orDFGidentified stocks of
concern (Canada)Long (WDFW, 2011) provided a very detailedreview of substantial reductionsin
marine fisheries catches that have taken place in the immediate vicinity of the summer feedingar
of the SRKW(i.e.,in the Strait of Juan de Fuca and around the San Juan Islgnds

Van Will and Adicks(2011) summarized recent changes in abundance and fisheries for other

salmon species that are present in diets of SRKW, thoughl@awer prevalence (chum salmon) or

very low prevalence (coho salmon, sockeye salmon, steelhead trouggregate escapement of

OET OBAHEAOI AEOQI 6 j A " OEOE OE betweéndndolvér Islgnddndiie x EE AE
mainland) has averaged about 3.5 million (catch + escapement), with an apparent increasing trend

from 1965 through 1999. Puget Sound fall chum enter the eastern Strait afah de Fuca and Puget

Sound during September through December and are the most abundant run type (average run size

of 1-2 million). Abundance of these fish has generally increased over the period 1968 through 2009.

LaVoy(2011) presented a FRAMbased analysis of possible increases in kilocalories Ghinook

salmonthat might be generated from various levels of fishery closures, andagenBreaux (WDFW

2012) presented a simplifiead assessment of the probable effects of fishery closures on total

abundance (number$ of mature age4 andage5 Chinook salmonEOT i OET 1 AT A OO AEOS
Sound + Fraser early run, Fraser late run, Lower Georgia Strait stockdjhenall ocean fisheries for

Chinook salmon(Puget Sound, all US + Canadiawgre closed, average increaseis Chinook salmon
abundancewere about 20% for all inland stocks combined, with increases to Fraser stocks of about

15%, but with only about 3.5% increase in Puget Sourdhinodk salmon

Geographic Distribution of SRKWand Probable Overlap in Distribution with
Chinook Salmon Stocks.

Barre (2011) gavean overview of the NOAA Recovery Prografor the SRKW indicating that the

range of this population extended from the Queen Charlotte Islands in British Columbia to central

California, with the San Juan Islands in Puget Sound beinga @A D OAT AAO OEI O Obi Od68
Critical Habitat (under the ESA) for the SRKW was defined as the US side of the Strait of Juan de

Fuca, Puget Sound, and regions around the San Juan Islands to the Canadian border, and similar

Critical Habitat has been defined in Canada under SAR#ansen and Emmong2011) summarized

S4E0iI OCEI 06 OEEO OADI OORFR xA OOA OEA OAOI O ARAAT EEOEAOL
agei salmon, present in the ocean when the ocearsfiing season begins, is harvested in the ocean at ageor

Chinook salmon, ocean fishery exploitation rates on2afigh are generally close to zero and exploitation rates for

age3 fish are usually about 50%6% of those for agé and older fish).
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characterizations of the geographic distribution of SRKW based on available sigigs data, with a
focus on time spent in critical habitat during summer and fall months, and provided an initial
summary of findings from passive acoustic recorders that allow identification of SRKW \MRKW

by vocalizations.Ford (2012b) presented evidence that the winter distribution of SRKW (L pod)

may range as far north as Pt. Ellis, Alaska, about 275 km north of the Queen Charloftesd et al.
(2012) presented a more complete review of information on SRKW geographic distribution,
including summaries of whale detections from the coastal sighting network (CWR) and DFO as well
as from NMFS passive acoustic recorders that have been deployed at various logatioff the coasts
of Washington, Oregon and California. Ford etdlO0 D OAOAT OAOET T OOCCAOOAA OE/
almost exclusively in the Salish Sea and/or in coastal waters near the entrance to the Strait of Juan
de Fuca during the JulySeptember period(Ford et al. 2012) During the AprikzJune period, only
about 32% of SRKW sightings have been in the critical habitat area with remaining sightings
primarily in coastal waters off northern Oregon am Washington and outside waters of Vancouver
Island. During late fall (OctobexDecember) relatively few sightings (19%) have been from the
critical habitat area and during winter months (JanuargMarch) almost no sightings (4%) have

been made in the critichhabitat area. During winter months SRKW are sometimes distributed off of
central California, though more frequently they seem found off the Washington coast.

Ford et al.(2012) also presentedsome conjectures concerning the overlap in the geographic
distribution of SRKW andChinook salmonstocks, based on a comparison between®OE Al D& O
(2010) CWT-based assessment dthinook salmondistribution patterns and available information
concerning geographic distribution of SRKWWFord et al.(2012) concludedthat SRKW distribution

I OAOI ADO xEOE OAlI1 1 AET O 0OOI1 AE O zD&einber p&ibdd OE 1T £ AAI
although certainly degree of overlap would be stocklependent, being much less for California
Chinook salmonstocks, for example, than for Veishington coastal stocks. Available data concerning
winter (JanuaryzMarch) distribution of Chinook salmonare inadequate (due to fishery closures
during this period) to allow assessment of winter distribution patterns ofChinook salmonand data
on winter distribution of SRKW arealsolimited, so it is not possible to reliably assess the possible
degree of overlap of SRKW an@hinook salmonduring this period.

4.2 General Comments

There is no question that contemporary abundance @&hinooksalmonin the Pacific Northwest is
small compared to historic abundance, with greatest reductions in abundance for sprifrgn

Chinook salmonfrom the Columbia River systemAccording toKope and Parker(2011), however,
changes in coastide abundance ofChinook salmonpopulations over the past 30 years, the period
of time over which status of SRKW has been closely monitored Maebeen relatively modest: an
approximate 16% decline in total abundance, but with a corresponding substantial 37% increase in
terminal abundance (returns to freshwater) due to increased restrictions on marine fishery
harvests.

There seems no question that during the summer perio@ulyzSeptember), when the SRKW spend
almost all of their time in the areas that have been designated as Critical Habitat, the SRKW
population must be foraging primarily on maturingChinook salmonthat are entering the Strait of
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Juan de Fuca or Georgia Strait on their return to freshwater streano$ origin, primarily streams
that enter Puget Sound and the Fraser River. Therefore, during the sorar period it seems fairly
clear that a rather limited set ofChinook salmonstockswould be directly exposed to predation by
the SRKWthat mostly mature (rather than immature) individuals from these stocks would be
available,and that only fisheries thatimpacted thesespecific stockswould affect prey availability
during the summer periodt. Warheit (2012) presented evidence that the genetic composition of the
Puget Sound recreationaChinook salmonfishery was dominated by Puget Soun@€hinook salmon
in contrast to diet of SRKWvhich was dominated by Fraser River fishCareful inspection othe
distribution of recreational fishermen as compared to foraging SRKW suggests that extensive
foraging on FraserChinook salmonis a consequence of the coincident geographic locations of
foraging SRKW andhe frequent migration path of FraserChinooksalmonthrough Haro Strait. If

the summer period were the critical foraging period for SRKW, these observations would strongly
argue for exploration of a possible link between SRKW performance attributes (net reproductive
rates, survival rates) and termind run size (i.e., mature fish only) of a very limited number of
relatively well-identified Chinook salmonpopulations, mostly of Fraser River origin.

If instead SRKW rely primarily onChinook salmonduring the winter period and if the winter period
is the critical period with respect to energetic needswith the possibility of poor condition leading

to increased death rates or decreased fecunditthen one might instead argue that SRKW vital rates
should be related to some larger and likely complex aggregaof the abundances of many different
Chinook salmonstocks from at least northern Oregon througtsouthern British Columbia.The

extent to which SRKW depend of&hinook salmonduring the winter period is poorly identified,
however, asare the geographic aw temporal distribution s of both Chinook salmonand SRKW
during the winter period. It does seem clear that the SRKW are more often found in coastal areas
(e.g., Washington coast) than in the designated critical habitat during the winter monthbut

existing winter distribution data also suggest substantial interannual variability in geographic
distribution. It does seem reasonable to believe th&hinook salmonpopulations with ocean
distributions typically north of the most northern detections of SRKW wolid be ruled out as
important contributors to SRKW diet and that southern Oregon and Californi@hinook salmon
populations would not be of importance except during those years when SRKW moved to southern
Oregon or California waters during winter. Weitkamp(2010) provides a helpful guide for
conjectures regarding stocks likely to have substantial winter overlap with SRKW, but little
confidence could be placed in such conjectures due to poor winter digdtition information for both
SRKW andChinook salmonstocks.

% Based on genetic analysis of SRKW feces and scale samples collected from kills during summer months
(Hanson 2011), it seems clear that Fraser Rivestocks dominate SRKW Chinook salmon consumption during
summer months, with Fraser spring stocks most important during May and June
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4.3 Key Questions and Responses

1) Do any parts of these data need further clarification?

Chinook salmon abundance indices and their use in assessing influence of Chinook salmon

abundance on SRKW vital rates.

YT OEA 0AT AT 80 OAPT OO0 A 111 xET C 71 OB GiEtepanceh OOAOO
between estimates ofChinook salmonabundance generated using the FRAM model and teaC

generated abundance indices for sttk aggregates(b) inconsistencies in statistical inferences

concerning the effects ofChinook salmonA A OT AAT AA 11 32+7 OAAAOI AEOUG |1
and survival rates based on the two alternative abundance indicatorand (c) concerns relating to

whether Chinook salmonavailable to killer whales were generally mature/maturing as compared

to immature fish. The Panelalso expressed concerns about how selectivity functions had been

developed and used to account for the apparent preference of killer vates for larger and older

Chinook salmon

These initial Panel concerns were prompted by an implicit (and possibly incorrectitial
supposition that SRKW foraging during the summer period was of primary concern and
interest. Given the consistent findingghat SRKW foraged extensively in the designated critical
habitat during summer and early fall months and primarily consumedChinook salmonduring
this period, and assuming that successful foraging during summer months was critical to the
survival and fecundity of SRKW, it was natural to devote attention to which of the two
abundance indexes (CTC or FRAM) might be better suited for allowing identification of the
abundance of matureChinook salmonfrom a relatively small number of stocks that would
contribut e to summer diet of SRKW (those passing by the critical habitat on return to their
spawning grounds as mature fish).

Following Workshop 1, there was substantial response t& E A 0 domcdris de@arding the FRAM
and CTC indicators o€hinook salmonabundance and Workshop 2 provided Panel members with
an improved ability to interpret these abundance indices and to assess their possible use for
representation of Chinook salmonavailable to SRKW. Several presentations were made at
Workshop 2 that clarified the key assumptions and limitationsof three abundance indices: FRAM,
CTC, and a new KopParken index. Specificaliyard and ceauthors presentedrevised logistic
regression analyses relating the Kopé&arken run reconstruction-based measures of terminalun
OEUA AT A O1 OAl 1T AAAT AAOIT AsandAulvivdl rAtes@Eny @ith@T 32+7 O
comparison of results with those based on FRAM and CTC indi¢@¢ard et al. 2012b) Hagen
Breaux presenteda simplified application of FRAM (as noted abovgHagenBreaux 2012); and
LaVoy presenteda usefuloverview and contrast of the FRAMCTC, and KopParken procedures
(LaVoy 2012).

®The term Afecundit yo is wused in t hiitensnbecdfyoongy as equi va
produced annuly per female that survive to be alive when whales are firstfulyount ed o6 during early
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With respect toassessing the potential impact thaabundanceof Chinook salmonstocks might have
on SRKWuvital rates, assuming that thesummerperiod is key the Panel believes that the Kope
Parken metrics of terminal abundances (for stocks passing through theitical habitat area) seem
more appropriate than the original FRAMbased metrics, and that the aggregated CTC indexes do
not seem appropriate for such a purpose.

With respect to assessing the potential impact that availability a€hinook salmonstocks might have
on SRKW vital ratesassuming that the nosummerperiod is keythe Panel believes that the relative
merits of the three abundance indices are quite different than for evaluation of the summer period.
In this context, all three abundance metricsauld plausibly be used to develop measures @hinook
salmonabundance that might be tied to SRKW vital rates because during the nsammer months
the SRKW exhibit a broad and highly variable coastal distribution.

Ward et al.(2012b) suggested that effects o€hinook salmonA A OT AAT AA 11 OAAAOI AEOU
survival rates were relaively consistent between CTC abundance indices (WVI, NBC) and the Kope

Parken abundances (terminal + ocean fishery impacts), whereas they were not consistent between

FRAM and the KopéParken metrics.FRAMGnlanddabundances were positively correlated wih

32+7 AAAOI AEOGEAO j OEI OCE 11060 | OAE AAOOAO OEAT A O
correlated with SRKW survival rates. CTC abundances for WCVI and NBC were both strongly and
positively correlated with survival rates, whereas fecundities were more wakly but positively

correlated with these CTC indices. KopParkenabundancemetrics (terminals runs, or terminal

runs + ocean fishery catches) for various stock groupings (by ocean distribution patterns: north,

central, south (California) or migration timing (spring, summer, summer/fall, fall)) were weakly but

positively correlated with fecundities for the summer/fall stock grouping, and were strongly

correlated with survival rates for both north and central ocean distribution groupings and for the

EAT T 00 AE COi OPET-ORORRBDADADAEDR]I OPAOCEA OBAD! ) #h
spring-run Chinook salmonand CaliforniaChinook salmon Alsospring and summer stock

groupings (which produce fish with higher fat content than fall fun stocks)were poor predictors of

survival. These regression analyses seegenerally consistent with a conclusia that SRKW vital

rates are more highly correlated withbroad scaleaggregated abundances dfhinook salmonthat

share overlap in coastal geographic distributiorwith SRKWduring early spring and late fall

periods, and possibly also during the winter perid. The Panelalso notes that when SRKW forage

for Chinook salmonduring summer months in their critical habitat, they are taking advantage of

high densities (fish per unit of water volume) of returning mature fish whereas foraging for

Chinook salmonduring other months in coastal waters must often mean that densities (fish per unit

of water volume) of Chinook salmonare much lower than in the summer critical habitat. Together
theselogistic regression resultsand observations concerning relative densitie®f Chinook salmon

in different geographic areas and monthsuggest to the Panel that abundance of those specific

Chinook salmonstocks that are present during the summer period and pass through the critical

habitat of SRKW does not directly limit SRKW popation growth. Instead,the Panelconcludes that

coastal abundance o€hinook salmonduring non-summer months is probably more important for

successful survival and reproduction of SRKW.
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Mature vs. immature Chinook salmon

The use of the KopeParken terminal run size estimates as a metric ii A O Aogiglic regression

analyses, and in some dhe subsequent predictions of changes in SRKW population growth rates

due to elimination of fisheries(Ward 2012), reflects a positive response t& E A 0 dohjekturé O

that, at least during the summer period, SRKW must be intercepting and primarily consuming
maturing/mature Chinook salmonen route to their freshwater spawning grounds. As noted above,
however, it is conceivable, even perhaps likely, that abundance ©hinook salmonduring winter

months is more critical to successful reproduction and survival of SRKW. If so, thePA OA S & OOA
KopeO AOEAT 60 AOOEI AGAO 1T &£/ AT OE OAOI ET Al 0&1 OEUA
indicators of Chinook salmonabundanceseems a worthy approach to address this key uncertainty.

Size Selectivity

The concerns expressed in the initial drafteport by the Panel regarding the data used to fit
age/size selection curves did not receive much attention at Workshops 2 or 3. There is no dispute
from the Panel that SRKW appear to consume primarily larger and old&hinook salmon Ford and
Ellis presented scalebased observations showing that the mean age of kills (4.3@ars)
substantially exceeded the mean age @hinook salmonestimated available off NE Vancouver
Island (3.52years); whale Kills of age5 fish were much greater than the relative abundace of age

5 fish, whereas whale Kkills of age fish were much less than the relative abundance of agefish
(Ford and Ellis 2011). In some earlymaturing Chinook salmonstocks, age3 is often the dominant
age at maturity. Therefore, maturation schedules of individual stocks could affect the degree to

Al

xEEAE AAOT AATAA T &£ ET AEOEAOAT OOT AEOChinboRl A AT T OAO

samond A& O 32+7 ET OE AiOThi®i€suid whuli alBoeEet BfAnfpbrtanEeifor
assessment of the abundance @hinook salmonthat might be effectively available to SRKW during
winter months as ocean populations will consist of large fish only for those stocks which are not
early-maturing (i.e., that would have large numbers of ag@ and older fish remaining in the ocean

to mature at later ages).

Competing Risks of Death Framework

InOE A 0iAifflaldrépdridollowing Workshop 1 (Hilborn et al. 2011), the Panedevoted
considerable attention to concerns about the FRAM model structure, in particular with respect to
how natural mortality (and predation on Chinook salmonby SRKW and NRKW) was treate@dnd
the Panelsuggested that @ompeting risks d deathdframework might provide a more informative
setting within which to model the effects of fisheriegand competing marine mammals)n

potential consumption of Chinook salmonby killer whales. The Panel continues to feel that the
competing risks of deathframework may have considerable heuristic value for developing a better
conceptual understanding of the joint dynamics o€hinook salmonpredators (fishermen, SRKW,
NRKW, harbor seals, sea lits) and their prey.

In its original draft report, the Panelshowed that,under an assumption that killer whales consume
an approximately constant number ofChinook salmon the force of mortality (see Appendix B)
associated with killer whales (and probablyalso the forces of mortality associated with other
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pinniped predators), and the associated fraction o€hinook salmonabundance that is removed by
these predators, likely increases dramatically as abundance 6hinook salmondecreases. In
contrast, accordng to abundancebased management o€hinook salmonfisheries by the PSC, the
expectation of death from fishing (exploitation rate) should be roughly constant at all levels of
Chinook salmonA AOT AAT AAh OEIT OCE xEOE Of Al 1 déneEelridde86 AO 18
4AEAOA OAOU AAOEA 1 AOAOOGAOGEI T O OOCCAOOhEaAO O1T AOOO
sources + all other natural causes of death) is quite unlikely to be independent@hinook salmon
abundance, as current models (like FRAM) assunfeurthermore, the probable effects of

eliminating fishing as a cause of death, expressed as an increase in survival rat€lmhook salmon
must also surely change, perhaps dramatically, &hinook salmonabundance changes. Given the
potential rates of consimption of Chinook salmonby the SRKW generated blford et al.(2011)
(67,0007 81,000 Chinook salmonduring the months of July and August, with range of from
342,000z 410,000 Chinook salmonper year assuming 70% of diet ihinook salmon, and
conjecturing proportionally greater consumption of Chinook salmonby the NRKW, it is easy to
imagine that the force of mortality associated with killer whales at lowChinook salmonabundance
may be quite large, especially i€hinook salmonabundance consists only of aelect group of
populations that are actually available to SRKW and of appropriate size or agée Paneldid not
intend, by advocacy of a competing risks of death framework, to suggest that current management
models be changed to continuous models withofces of fishing and natural mortality operating
simultaneously. Insteadthe Panelmeant to emphasize that competing risks of death provides a
useful conceptual and quantitative framework within which to assess the effects of fisheries, as
compared to thase of other predators, on survival and abundance @hinook salmon

Preikshot and Perry(2012) presented Ecopath with Ecosim (EwWE) modeling results that are related
to the competing risks of death framework thathe Panelrecommended, althoughthose results
apparently reflect analyses originally carriel out for another purpose within the context of a Strait
of Georgia EWE modeling exercise. First, they noted that the force of fishing increased through the
early 1980s, when it was perhaps 940 times the magnitudeof the force of natural mortality on
Chinook salmon whereas during the periodfrom 2000 to present, the force of fishing had become
very much less than the force of natural mortality, which had itself approximately doubled
(Preikshot and Perry 2012 slide 10). These changes presumably reflect the dramatic peBICMA
reductions in fishing and he corresponding rapid increase in pinniped abundance in this area.
Preikshot and Perry(2012, slide 13) also suggested that simulate€hinook salmonmortality (force
of mortality) in Georgia Strait associated with pinnipeds was well below that of killer whales for the
period 1960-1985, whereas during the period 19962010 it was roughly comparable to that
associated with killer whales. Althoughthe Panelcannot judge the analytic merits of these results
based only on what was presented in the workshop presentation, the pattern of increasing natural
mortality for Chinook saimon does seem plausible. However, it is important to note that mortality
rates in EwE are sensitive to the predateprey interaction assumptions. Nevertheless, the EwE
results suggest that exploring the consequences of a competing risks of death model@tinook
salmon, with SRKW, NRKW, harbor seals and sea lions all identified by unique forces of mortality,
could provide important insights into probable temporal patterns ofChinook salmonmortality, the
role that fishing has played in those patterns, anthe likely consequences of removing ocean fishing
as a cause of mortality orf€hinook salmon
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In Appendix B, the Panelpresents a preliminary illustration of the kinds of insights that might be
generated from adoption of the competing risks of death (CREamework and provides some
graphical illustrations of how forces of mortality and realized mortality rates ofChinook salmon
associatedwith different causes of death (fishing, SRKW predation, NRKW predation, other ron
fishing causes) may have varied ovehe past 25 years. In additionAppendix B provides graphical
illustrations of how forces of mortality associated with these different causes may vary as a
function of ocean abundance of agé andage5 Chinook salmon

Among other things, the analyses presented iAppendix B suggest that:

1 Natural mortality rates of Chinook salmonsince the early 1990s have likely been
substantially higher than has been assumed in current stock assessments @iinook
salmon;

1 Atthe lowed levels of Chinook salmonocean abundances that have been experienced over
the 1979-2005 period (less than 2.53.0 million), the CRD model suggests that SRKW and
NRKW exert much higher predation mortality, which could lead to annuahinook salmon
survival rates below 40% under low consumption or below 30% under high pewhale
consumption scenarios;

1 When Chinook salmonocean abundance is greater than about 3.5 million, it appears that
assumptions about natural survival rates of 8€0% are not unreasonablebecause
mortality rates caused by killer whales would then be relatively lowand,

1 One hypothesis emerging from the calculations is that NRKW may exert as much, or more,
influence on SRKW growth rate as fisheries due to their large consumption @hinook
salmon.

2) Are the methods employed to predict salmon abundance by stock in specific
times/places scientifically valid?

AsLaVoy(2012) pointed out, only the FRAM model makes any attempt to model the seasonal
abundance ofChinook salmonin specific timesand places. The CTC model and the Kofarken run
reconstruction estimates of total abundance (terminal runs re-terminal catches) are probably
best thought of as projected preseason abundances, prior to the beginning of the annual fishery
cycle. The KopeParken stockspecific terminal run sizes, coupled with knowledge of run timing of
stocks could, however, beised as excellent descriptors of abundance in near terminal locations and
might be easily maodified under various assumptions that might concern levels of fishing.

4 EA 0 Arddistaddidg is that the FRAM seasonal abundances for various stocks are based o

CWT recovery data from the latdd970s when ocean fisheries were much less restricted than

current fisheries so that it was reasonable to conclude that the ocean catch distribution of CWTs

from a given stock probably provided a reasonable picture ofasboE 8 O AEAT CET ¢ CAT COAPD
distribution through time. Contemporary fisheries, which have extensive time/area closures, would

not provide useful information on ocean distribution patterns based on CWT recoveries. Whether

10O 110 OEA 1O®E) O6cash didfiBudion pattedn® far various stocks can be reasonably

assumed to apply to contemporary management is an open question that has in part motivated on
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going fishery-independent GSibased surveys of salmon off Oregon and California (e @gldenberg
and Fitzpatrick 2011).

For many stocks, existing CWT recovery data provide a moderately good basis from which to judge
whether or not certain stocks would likely be found within the poorly understood SRKWinter
OOAT CAb6 8 &bradet &\ (@042) Bxprdshed belief that it would be unlikely for stocks of
Chinook salmonnorth of south central British Columbia to be found within the winter range of
SRKW. Also, as noted previously, California (Sacramento, Klamath) and southern Oregon (Rogue)
Chinook salmonstocks would be available in large numbers only during those years when SRKW
spent considerable time & the Oregon and California coasts.

3) Are there improvements to the methods you would suggest?

Given the possibility that the availability ofChinook salmonto SRKW may be more important
during the non-summer months, including winter, it seems important to develop improved fishery
independent assessments of curren€hinook salmondistribution patterns (e.g.,Goldenberg and
Fitzpatrick 2011) during spring through fall months and to also somehow develop a better notion
of winter distribution of Chinook salmonstocks.As ocean Chinook fisheries have been more
restricted in time and space, our understanding of @an Chinook distribution has become more
limited. The paucity of winter fisheries and thus samples for CWT or genetic analysis means our
understanding of winter distribution is particularly limited.

As noted above, it would seem appropriate to explore thiemplications of competing risks of death
approaches to assessing impacts of predation by marine mammals and fishermen@ninook
salmonand to thereby gain improved insight concerning the potential impacts of changes in
fisheries on availability of Chinodk salmonto SRKW.

4) Are the methods employed to predict the reduction in salmon abundance by stock in
specific times/places scientifically valid?

The Panelinterpret sthe intention of this question as trying to get at the reliability with which
statements could be made concerning the potential increase in abundanceG@iiinook salmonthat
might result if ocean fisheries (and possibly also freshwater fisheries) were modified or eliminated.

Methods presented in workshops seem appropriate to assess the shdderm impacts that
reductions of fishing might have on ocean and terminal abundances of individual stockstiinook
salmon. Based on a review of CTC modkeased calculations of ocean fishery exploitation rates for
the various CTC stock aggregates (provideby Kope), it appears that the average ocean fishery
exploitation rates for age3 andage-4 fish in the past several years have been about 0.18.205.
Using accounting models such as FRAM, these exploitation rates, if reduced to zero, would be
expected to increase ocean abundance and terminal run sizesGifinook salmonfrom perhaps 18%

® The Panel made no attempt to carefully averagespgeific exploitation rates across stock aggregates and would
not know how to do so in an appropriatetfeon, buthe Panetioeswish to statets recognition that there is
substantial variability in exploitation rates among stock aggregates.
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(0.15/0.85) to 25% (0.20/0.80) if fishing were the only source ofiortality . Recognizing that there
are other forces of mortality onChinook salmon including possibly quite large forces of mortality
associated with marine mammalsthe Panelbelieves that a 20% increase represents an upper limit
to short-term abundance ncrease due to reduction in fisheries and that such an increase would be
much more modest whenChinook salmonwere at low abundance levelsChinook salmonocean
abundance increases projected in workshop presentations were a bit less than 20% for nBiget
Sound stocks, and much lower for Puget Sound stocks (which presumably now have much lower
exploitation rates), but fairly comparable to guesses that might be made based on examination of
age-3 andage4 ocean fishery exploitation rates.

Such shortterm (annual) changes in ocean abundance and terminal runs 6hinook salmonneed

to be distinguished from possible multiyear and longerterm improvements in ocean abundance of
Chinook salmonthat could theoretically be achieved via manipulation of exploitationates in ocean
and/or freshwater fisheries. Such longterm changes in ocean abundance @¢hinook salmonseem
worthy of more attention than they have thus far received (se&ection 4.4 below).

4.4 Effects of Possible Reductions in Fisheries on Abundance of
Chinook Salmon

Based on material presented at the workshops and on analyses made by Panel members, the Panel
developed a summary of anticipated impacts that reduction atior changes in Chinook salmon
fisheries could have on abundance @@hinook salmon Among other things, the Panel believed)

that it is important to distinguish short-term effects from longterm effects that might result from
changing fishing regimes2) that it is important to recognize that fishing regimes could be changed

in both terminal (freshwater fisheries and marine fisheries focused on maturing fish) andcean
fisheries; and3) that it is important to acknowledge that effects of changes in fishing would be
different for hatchery stocks than for wild stocks.The Panelsummarizesthese anticipated impacts

in the bulleted list provided below.

For wild populations:

Short-term/annu_al accounting:

1 If "all ocean fisheries were closed", there would be a shaotérm increase in ocean
abundance ofChinook salmonavailableto SRKWdue tothe direct reduction in ocean
fishing. This effect would probably be a maximum of about326 from an annwal accounting
perspective.

1 Elimination of all ocean anderminal fisheries would havean identical short-term effect on
ocean abundance o€Chinook salmonas given in previous bullet becausé&eshwater
fisheries reduceChinook salmonabundance only afterkiller whales (and other marine
mammals) have had an opportunity to intercept themTherefore, freshwater fishery
reductions could only contribute to longterm changes inChinook salmonabundance via
their impacts on spawning stock abundances.
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Long-term accounting:

Assuming that Ricker stockrecruitment models are appropriate for mostChinook salmon
stocks,fisheries could be managed for maximum recruitment rather than maximum vyield,
thereby increasing recruitment viaan increase in spawners.

Long-term achievement of maximum recruitment under a Ricker model would require
some harvestto be allocated across marine and freshwater fisheries so as to achieve a
harvest rate (expressed in terms of adult equivalents)iat would maximize recruitment.
(Total recruitment is anticipated to be less under a néishing scenario than with some
fishing.)

Maximum ocean abundance d€hinook salmonavailable tokiller whales would be achieved
with harvest taking place only infreshwater, with freshwater fisheries set toreduce
spawning stock so as to achieve maximum recruitment.

Assuming that fisheries are currently managed tallow Chinook salmonescapements near
their MSYlevels, shifting to management for maximum recruitment might increase ocean
recruitment by about 6-9%, based on stockrecruitment relationships currently used by
CTC

If ocean fisheries were eliminated andreshwater fisheries were managed for maximum
recruitment, then there would be an additional benefit, compared to the present, due to
elimination of ocean interception of immature salmon prior to maturity. For a given stock,
this benefit would depend on the current agespecific ocean fishery exploitation rates and
the stock-specific maturation scheduleFor most stocks, this benefit wouldypically
probably be at least an additional 20%above the benefit due to increased recruitment.

If ocean fisheries andreshwater fisheries were both eliminated, the longterm effect,
assuming a Ricker model, would likely be reduced recruitment as compared to the present
although possibly with some benefits to ocean abundance, again through elimination of
interception of immature fish. The logic of this statement is based on an assumption that the
natural equilibrium recruitment (expressed as adult equivalents) falls tahe right of the

dome of the Ricker model, the usual case.

For hatchery populations:

1 Because existing fisheries rarely prevent hatchery returns from achieving the numbers

required to meet hatchery production goals, recruitment of hatchery fish can safelyeb
assumed independent of fishery regimes.

If ocean fishing were eliminated, oceaabundance of hatchery fish would be increased via
elimination of immature fish that would otherwise remain in the ocean. For a given stock,
this benefit would depend on the arrent age-specific ocean fishery exploitation rates and
the stock-specific maturation schedule.This benefit would typically be at least an additional
20%. Elimination of freshwater fisherieswould have no effect on ocean abundance of
hatchery stocks andwould therefore generate no benefits in terms of availability of
hatchery fish to SRKW.
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In summary, maximum long-term increases in abundance ofChinook salmonthat might
theoretically be availableto SRKW would be achieved by eliminating all ocean fishirftypically at
least 20% increase in ocean abundana# age4 andage5 hatchery and wild fishdue to elimination
of ocean fishery interception of immature fish) andy maximizing recruitment through
manipulation of freshwater exploitation rates to maximize recruitment (6-9% increase in
recruitments of wild fish; no impact on hatchery fish).

4.5

Recommended Information and Analyses

Further analysis of all available information that might shed light on winter distribution of

Chinook salmonstocksand SRKW,ET AT OAET ¢ A OO Alisév@ddpatial Ox AECE DS
distributions of SRKW according to sampling levels and locations at which acoustic

receivers have been deployedg.g. deployment of acoustic receivers off the Washington

coast seems much greater than dbthe California coast and must affect detection

probabilities).

Develop improved measures of the abundance of harbor seals and sea lions, as well as their
predation impacts onChinook salmon

Continue to evaluate the possible influence of abundance of cpeting marine mammals
(NRKW, harbor seals, sea lionspas well as seasonally available alternathum salmon prey,
on fecundity and survival rates of SRKW and NRKW

Explore the competing risks of death (CRD) framewor{Quinn and Deriso 1999)as a
simple, heuristic approach to investigating interactions among competing predatorsn the
context of potential expected benefits to SRKW due to reduction/elimination of fishing at
different relative abundances ofChinook salmonThe CRD approach could help to integrate
broader ecological understanding into mechanistic models of thehinook salmorgMarine
MammalszFisheries system since all of these dynamics are intertwine(SeeAppendix B .)
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5.0 PROJECTEDFUTURESTATUS ANDRECOVERY

5.1 Context

The Panelwas asked toevaluatethe available information and analyses concerning projected
future population status of SRKW and howChinook salmonfisheries might affect such status. In
addition, the Panel evaluagd existing indicators for measuring recovery of SRKW against US and
Canadan endangered species criterialThe Panelas also asked toaddress the most fundamental
and contentious issue involved in evaluatingchinook salmonfishery effects on future status and
recovery? namelywhether existing correlative evidence for past linkags between SRKW vital
rates and indices ofChinook salmonabundance meets the necessary criteria to imply causality
between future Chinook salmonabundance and future SRKW status.

Key Question lfocused on the past by asking that the Panel examine the methods used to establish
historical relationships between salmon abundance and killer whale survival and birth rates. Other
sections of this report review SRKW population growth rates, the biologat justification for linking
salmon to SRKW nutritional status, and fishery effects on salmon available to SRKW. Thereftire,
Panellooked specifically at how this historical information has been used to estimate population
model parameters for salmon eects on SRKW dynamics, as well as the basis for attributing
causation to correlative evidenceKey Question ZXocused on the future by asking the Panel to
review the basis for forward projection models used to assess future status and recovery of SRKW
under alternative salmon abundance scenarios. Projecting SRKW abundance forward in time,
although technically feasible, involves a suite of assumptions and is, therefore, far more uncertain
than fitting those models to past abundance data. Thereforthe Pane provides a critical review of
the assumptions and conditions behind those projection model components.

Key Question 1. Are the methods employed teevaluate the relationshipbetween salmon
abundance and SRKW (and/or NRKW) fecundity, survival and populatiggrowth scientifically
reasonable? Do you have argdditional analyses orspecific suggestions to improve the methods?

The Panel considers the methods used to evaluate the relationship between salmon abundance and
killer whale fecundity, survival, and poplation growth rates scientifically reasonable and, in

several respects, statef-the-art. The quantitative evaluation, which mainly took the form of

Bayesian logistic regression modeling of agéstage-structured survival and fecundity data,
encompassed avide range of covariates, including salmon, marine mammals, and climatic factors.

In practically all cases, there were reasonable hypotheses for including various factors, although
these were less clear when it came t€hinook salmonvariables. For instane, someChinook salmon
indices used in the regression analyses contained stocks that may not be readily available to SRKW.
Nevertheless, results of the correlative approache@Vard et al. 2009, Ford et al. 2010g)as well as
additional presentations at Workshops 13 linking Chinook salmonabundance to SRKW vital rates
were reasonably consistent with expected dynamics of a highly selective predator and its primary

prey.
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A large body of supporting data and analyses were presented to support a plausible mechanistic

link between SRKW vital rées and broadscale indices ofChinook salmonabundance. Perhaps the
strongest data are the MagSeptember feeding, diet, and social structure observations of resident
killer whales (Ford et al. 2009, Hanson et al. 2010a, Ford and Ellis 2011, Hanson 2011, Ford 2012a)
Although the details of these processes are uncertain outside the summer period, information
presented in Workshop 3 supported the notion that overlap is possible between SRKW and most
Chinook salmonstocks with origins south of central British Columbia in any seas, including

winter (Weitkamp 2010, Ford et al. 2012) Stable isotope and contaminantloag / 6 . AET 1 AO
2012a, 2012b)analyses were also consistent with an SRKW diet comprised®@finook salmonfrom

a wide range of sources well outside the narrowly defined Puget Sound/Fraser River area.

Correlation -Causation Debate: Although there is areasonable body of scientific evidence showing
that Chinook salmonare important prey for SRKW, there is limited range of specifimbservational
evidenceand no possibility of experimental evidencdinking Chinook salmonabundance to SRKW
population growth. Because SRKW growth and salmon abundance data are observations of
uncontrolled events obtained from an unknown sampling design, there & high risk of incorrectly
assigning causes to correlations andchaking relatively weak inferences. Ultimatdy, the existing
information is most effectivefor hypothesis generation(Schwarz 1998)

Workshop 3 provided an opportunity for several participants to debate the correlation vs.

causation issue from a weighf-evidence perspectivegBurkhardt-Holm and Scheurer 2007)
Causation in this instance is specifically meant to implghat observed changes irChinook salmon
abundance have been a primary cause of the observed changes in SRKW population growth rates.
The panelists were given three questions, two of which were:

1) What is the strength of evidence that changes @hinook salmonabundance cause or do not
cause changes in SRKW vital rates?

2) What is the strength of evidence that changes in fisheries in the future would cause or
would not cause changes ilChinook salmonabundance sufficient to affect SRKW vital
rates?

Not surprisingly, none of the 5 responses provided specific and unequivocal answers to these
guestions. For question (1), responses varied from broad lists of evidence in favor of a cause, to
rather specific evidence suggesting that cause should be rejected for all except one particular
Chinook salmonabundance indexOther panelists remained "unconvinced" given the possibility of
alternative ecosystemlevel mechanisms or thresholds dividingChinook salmonabundance into

low levels where causation seems likely to high abundance where causation seems unlikely. At least
two panelists suggested that any causal effects arising from (2) would probably be weak, given the
estimated effect sizes from statistical modefig. One panelist suggested that changes in future
fisheries should only be considered for fisheries harvestin@hinook salmonstocks for which a

causal relationship to SRKW vital rates has not been rejected based on statistical significance of a
relationship and meaningful overlap between abundance and SRKW ranges. Several panelists also
pointed out that the impacts on SRKW of changes @hinook salmonfisheries would need to
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consider how an increase in available salmon might be spread across salmon predat@e.g., SRKW,
NRKW, pinnipeds).

5.2 Forecasts of SRKW Future Status

In the original Biological Opinion on thePuget Sound Chinook Harvest Management PI&MOAA
Fisheries devised and evaluated alternative fishery regimes to assess their relative impact otufe
status and recovery of SRKW (NOAA/DFO letter to Panel). Over the course of three workshops, the
alternative fishery regimes have essentially been reduced to two: (1) maintain status quo with
annual ocean fishery exploitation rates on the order of 20%nd (2) closeall ocean fisheries. Such a
simplification is probably warranted in this case given what appears to be a revised understanding
of interactions between fisheries and SRKW. In particular, it seems to be a gross extrapolation to
implicate any paticular fishery, including those during the peakChinook salmonabundance period
in summer, in affecting SRKW population growth rate. Instead, a more plausible working
hypothesis is that highly mobile SRKW (and NRKW) respond to larger spatial scale chamge
Chinook salmonabundance than can be appreciably affected by any speciibinook salmon

fishery.

With the alternative fishery scenarios as defined above, and a working hypothesis, we now turn to
addressing one of the original questions posed in thisection (i.e.,Key Question 3).

Key Question 3: Based on your expert opinion, what level of confidence would you assign to the
conclusionthat predicted changes inChinook salmonabundance caused by fisherieaffectthe
population growth rate of the SRKW?

Clearly, all of the issues and concerns raised in tleerrelation vs. causation debate apply here to

Key Question3. To stateO E A 0 dpinidn| tiBe@vidence seems reasonably strong that vital rates
of SRKW areto some degree, ultimately affected by broadcale changes in their primaryChinook
salmonprey. However, even if there is a causal mechanis@,E A 0 dpinidnlis&iSo that such a
mechanism is probably not a simple linear causand-effect one fora variety of reasons.For
example,if Chinook salmonabundance is causally related to SRKW mortality and fecundity, then it
also seems likely that SRKW (and other predators) can cause change€hinook salmonmortality
(seeAppendix B). Such feedbacks imply notlinear density dependence in SRKW growth ratée.g.,

a large region ofChinook salmonabundance over which growth response is small, but a small
region where growth response is largg. The logistic regression models and supporting auxiliary
evidence reflect only a narrow range of abundance for both SRKW predators and th&hinook
salmonprey, which increases the risk of poorly capturing these relationships. ThuU§ EA 0 AT A1 6 O
overall view is that the predator-prey system involvingChinook salmon SRKW, NRKW, and some
pinnipeds is only partially described by correlations betweerChinook salmonand SRKW.

Therefore, any predictions about impacts of changing fisheries may not be robust to changes in the
status of otherChinook salmonpredators, or even to changes irChinook salmonabundance.
Confidence in conclusion for Key Question 3: Low.
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Justification forOE A 0 1dw d&dre® 6f confidence in the conclusion stated iKey Question3 is
based on arguments for or against the two underlying premises.

(1) Models for predicting the future distribution o€hinook salmorabundance accurately capture the
dynamical response of futur€hinook salmorabundance to fishery closure (i.e., eliminating a 20%
ocean exploitation rate).

Current models used to predicfuture salmon abundance assume thathinook salmonmortality
components are independent and strictly additive, and production follows a densitindependent
random-walk process. The former are typical assumptions used in singkpecies fisheries models,
including FRAM and CTC models that form the basis f©6hinook salmonabundance modeling,

while the latter assumes independence betwee@hinook salmonabundance and predator
abundance, as well as lack @hinook salmonrecruitment response to changes in spawing
abundance (i.e., if spawning abundance actually increased in the absence of fishery exploitation). If
all of these assumptions hold, then removing the fishery would cause a 25% increase or more (see
Section4.0) in available Chinook salmonabundance across all stocks.

Alternative assumptions could be used in predicting futuréChinook salmonabundance. For
example,Chinook salmonmortality components are not indgpendent and not strictly additive (i.e.,
multiple competing predators), and production follows densitydependent processes (e.g., Ricker)
with ocean survival depending on predation regime. These are typical assumptions used in multi
species fisheries androphic models (e.g., EcosinPreikshot and Perry 2A.2), as well as predator
prey models, for example involving ungulates, wolves, and large cats. Removing a 20% fishery
exploitation rate would have short and longterm effects as well as differential effects by stock via
stock-specific densitydependenc (see Sectiort.0). In the short-term, maximum Chinook salmon
abundance change would be +25% assuming that all fishing and predation impacts are independent
and additive (see Appendix B and Sectior4.0). Long-term changes inChinook salmonabundance
would be dependent on interactions between abundance, ocean predation and freshwater density
dependent production (Sectiord.0). This suite of alternative assumptions is probably more
"realistic”, but also more difficult to quantify and assess from existing data than the current set of
assumptions used to model futureChinook salmonabundance.

(2) Changes irChinook salmorabundance caused by fisheries affect the population growth rate of the
SRKW.

The implied causality within this premise has already been discussed above. Supposetfar sake of
the present argument that we allow for a causal relationship betwee@hinook salmonabundance
and SRKW growth rate. The approach used to fit a SRKW population dynamics model to observed
births, survival, and salmon data has also been discusselieady and given reasonably strong
endorsement by the Panel as a scientifically reasonable means of parameterizing a SRKW
population projection model. A central issue involved in earlier reports and discussions with the
Panel focused on the process errorariance represented in this projection model. The term
"process error" in this context means uncertainty or unexplained variation in the data resulting
from the choice of model boundaries. Distributions of these process error effects are usually
assumed kiown and range from simple binomial variation in survival rates and sex ratios dtirth
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to perhaps autacorrelated random-walk processes influencing birth rates. The error variance of
the logistic regression models linkingChinook salmonabundance to SRKVgrowth rates is used to
capture the missing process error effects of unmodeled factors. For examgiégure 5-1 shows that
the posterior predictive distribution for SRKW birth rates effectively captures both the longerm
pattern and range of the observed births. Similar distributions would apply to sex ratio at birth and
survival rates. Therefore, the random process errors in projections of future SRKW population size
should produce a distribution of future SRKW population size trajectories that is highly likely to
contain the true future trajectory.

O 0 0 o s]s]

Observed and expected births, and 95% credible intervals
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Figure 5-1. Posterior predictive distribution and observed birthsfor SRKW The solid line is the mean of the distribution
and the upper and lower dotted lines are the 0.975 and 0.025 quantiles, respectively. The circles are observed births.
Revision of original source(Ward et al. 2009)

Process errors actually influence future population dynamics via multiple feedbacks, so
assumptions about their structure may be critical to the robustness of future SRKW projections
regardless of whether the SRKW growtnate is causally linked toChinook salmonabundance or
just correlated. In essence, process errors arising from unmodeled factors propagate (i.e.,
compound) via the population dynamics model and rather rapidly lead to a lack of robustness of
model predictions if their structure is incorrect. Even though conclusions are correctly drawn from
the distribution of future population trajectories, the timing and probability of specific events
described by these distributions (e.g., probabilityof meeting delisting criteria within 28 years) will
not be robust.

The Panel, as well as workshop presentations and supporting literature, highlighted numerous
unmodeled factors and processes that may not vary in simplified random ways. Primary attention
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has been given to te presence and dynamics of alternativ€hinook salmonpredators, relatively
stable consumption requirements of longlived mammals, mobilization of killer whale body
contaminant loads, feeding angocial behavior, etc.

The alternative fishery regimes represent a rather small change of exploitation rate and the models
used to predict the future impact of this change are only reliable under rather restrictive dynamic
model assumptions and state conditions (e.g., lo@hinodk salmonabundance, high SRKW
abundance). Attaching a suite of caveats to a predicted small effect size should only result in
relatively low confidence in the predictions.

5.3 Recovery criteria

The Panel was specifically asked to comment on "(sgientific considerations relevant to potential
performance criteria for determining risk to SRKWfrom fisheries impacts' (NMFS 2011a)
Presentations in Workshops 12 (Barre 2011, 2012), as well as letters to the Panel, further
emphasized the need to "provide advice on the utility of PBR, and any other suggestions for
performance criteria and metrics for evaluating the dects of actions on SRKW"[Panel
paraphrasing].

It is important to note that criteria aimed at measuring recovery success differ between the US and
Canadian contexts. Although the Panel was not asked to comment on recovery criteria under the
Canadian recovey strategy for SRKWthey are presentedhere as a complementary perspective
(Box 5-1). In general, note that Canadian recovery performance metrics are more qualitative than
guantitative in that they do not specify specific numerical targets or thresholdfor abundance or
population growth rates, both of which were key topics debated in the workshop process as well as
within this report.
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Box 5-1. Interim Measuresof Recovery Succes®r SRKW Recovery Strategy
(Fisheries and Oceans Canada 2011)

a) Longterm maintenance of a steady or increasing sizerf populations currently at
ETT xT EEOOI OEA | AgEi Oi 1 AOGAI O AT A Al E
below known historic maximum levels;

b) Maintenance of sufficient numbers of females in the population to ensure that their
combined reproductive pdential is at replacement levels for populations at known

historic maximum levels and above replacement levels for populations below known
historic maximum levels;

¢) Maintenance of sufficient numbers of males in the population to ensure that
breeding femdes have access to multiple potential mates outside of their own and
closely related matrilines;

d) Maintenance of matrilines comprised of multiple generations to ensure continuity
in the transmission of cultural information affecting survival.

General Comments

T AOAAOET ¢

Assessing the status of a population requires unambiguous and measurable recovery criteria that
are to be compared against objectiveg.he standardapproachto developing such criteria is to word
them in such a way that a group of knowledgeable petg given a description of the issue, could
agree inthe future whether or not a particular criterion had been met(Morgan and Henrion 1990)
This so-called "clarity test" further implies that any quantities included inthe criteria must alsobe
measurable, possessing real true values, and be repeatable such that the same information would
lead to the same conclusions. Repeatability further implies that the methods used to compute the
criteria are clearly defined Developing measurable population recove criteria should therefore

include definitions for:

1) Population characteristics that can be reliably and repeatably measured or inferred (e.g.,

abundance, growth rate, agestructure, sex ratio);

2) Thresholds and/or target values for these characteristicsttat uniquely define population

status (e.g., "recovered"”, "depleted");

3) Probability level at which the measured population characteristic is said to meet the target

(or exceed the threshold);

4) Temporal (or spatial) frame over which to measure the charactestic and probability; and

5) A clear method for calculating the specified population metrics
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In reviewing the Biological Opinion (NMFS 2011a) recovery plan(NMFS 2008) 5 Year Review
(NMFS 2011b) andthe Canadian recovery strategyFisheries and Oceans Canada 2011he Panel
was not able to identify any threat, status, or recovery criteria defined explicitly in terms (1§5). In
particular, the ThreatsCriteria described in the 5 Year Review do not seem to have clearly defined
conditions upon which the threat criteria could be met. There is clearly a considerable amount of
research activity aimed at studying the threats, but without explicitly defined ad measurable
objectives, it is difficult to determine how the research will contribute to removing the threats.

Performance Criteria for Assessing Recovery

Population growth rate : Population growth rate would seem, at first thought, to be reasonably
straightforward to measure and apply as a recovery criterion, especially for SRKW because
observation error in abundance is very low. However, as demonstrated in the workshop process,
the methods used to define and estimate population growth rate must be made meoexplicit
because the calculations involve assumptions about the underlying population dynamics model as
well as the time frame over which the rate is measured. Even the most basic population trend
estimator (i.e., that follows the basic laws gbopulation growth), assumes a time framet ¢ k) and

e/ (t- k)

an exponential population growth model of the formN, = N,_, , Where / is the population

growth rate. An estimate of/ is then obtained \va ordinary linear regressionbetween logarithms

of population size and yeat (i.e., linearize the growth model tologN, =logN,_, +/(t - Kk)).
Incorporating the important effects of population age or stagestructure on growth rate requires
disaggregatirg abundance into multiple age or stage classes, and also disaggregating the population
growth rate into distinct survival and reproduction components for each class. However, even
though such expansion of assumptions underlying the population growth ratesimate is well-
supported by the available data, as demonstrated in Workshop 3, alternative methods for

computing stagespecific survival and fecundity rates can lead to very different results (see Section
2.0).

The ability of population growth rate to indicate status or recovery depends on the particular
situation in which it is applied. Basic population dynamics theory dictates that the population
growth rate camnot remain constant over too wide a range in population size and must eventually
decline to zero at some nofeero value of population size. Growth rate estimates for the whole
SRKW population, as well as pedpecific values (Sectior2.0) suggest that the total population is
growing slowly, while J and K pods are growing faster than L pod (although they are also smaller).
It is still not clear whether these low growth rates a@e to be expected because the total population is
near carrying capacity of 100150 whales, or whether they are unexpectedly low for a population
far from its carrying capacity of ~400 whalesSince a populations growth rate will decline as it
nears carrying capacity, a growth rate recovery criterion is intrinsically problematicAn

approximate doubling of the NRKW population over the past 30 years suggests that the conditions
for this SRKW neighbor population were good enough to support sustained growth whe possible.

The growth rate criterion used to assess recovery of SRKW includisee of the five required
elements for a measurable objective. It is missing a probability level of achieving the 2.3% raéamd
specification of the method used to calculatthe growth rate. The strength of quantitative
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assessments of historic population growth rate as presented to the Panel is in the posterior
distribution of / , which can be used to provide the required probability that the populatin

growth rate exceeds 2.3%. The posterior distribution of/ showed some weight of evidence in the
right tail of growth rates where / >1.02, indicating that historic rates exceeding recovery criteria
cannot be rded out. At the same time, there is complementary evidence in the left tail indicating
that historic growth rates were negative (i.e.,/ <1.0). There is no reference in the supporting
material to a / <1.0 status or recovery criterion, sothe Panelcannot commenton the nontrivial
probability (p ~ 0.07) that the population growth rate is negative. Choosing a probability criterion
is definitely not straightforward because it defines the allowable risk that, for exampleSRKW
decline in the future without an attempt at mitigation.

Population abundance : The attraction of abundancebased metrics, especially for SRKW, is the
high accuracy and precision with which abundance of the majority of the population is measured.
The number of individuals in small populations also features prominently in status critga defined
by US, Canadian and IUCN conservation guidelines. In Canada, small population sizeNie250) is
the main criterion for which SRKW are listed under SARA. Because the condition for listing is also
the condition for delisting, it seems likey that SRKW will remain listed under SARA for the
foreseeable future.

Using abundancebased recovery criteria to downlist SRKW under the US ESA requires choosing a
target abundance level amidst considerable uncertainty in the historical population sizeoF
example, theBiological Opinion (NMFS 2011ap. 42) states:

"The historical abundance of Southern Resident killer whales is estimated from 140 to an

unknown upper bound. The minimum estimatel(40) is the number of whales killed or

removed for public display in the 1960s and 1970s added to the remaining population at the

time the captures ended. Several lines of evidence (i.e., known kills and renfoladsuk et al.

1990], salmon declinefKrahn et al. 2002Jand genetic§Krahn et al. 2002Ford et al. in

press) all indicate that the population used to be a lot larger than it is now, but there is

currently no reliable estimate of the upper bound of the historical population size. When faced

wiOE AAOGAI T PEI ¢ A PipOI AOET T OEAAEI EOU AT Al UOEG
team found it reasonable to assume an upper bound of as high as 400 whales to estimate

carrying capacity(Krahn et al. 2004)5

It appears that an abundance recovertarget of 140 animals has a reasonably sound empirical
basis, while the upper bound of 400 is somewhat arbitraryThe Panelcould not find any further
justification for 400 animals in the SRKW population, except from population genetics studi@sord
and Parsons 2012) although those are uncertain as well. As discussed below for extinction risk
projections, choosingan upper bound of 400 may lead to an undeestimation of extinction risk if
the actual carrying capacity is much smaller.

Note that recovery strategies for resident killer whales in Canada do not use abundance as a
recovery target, mainly because of diféiulty establishing historical population sizeqFisheries and
Oceans Canada 2011)
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Projected changes in abundance : As mentioned above, abundance has the attractive feature of
measurability, which allows for direct monitoring of progress against recovery goals. If instead,
recovery goals are based on mjections of abundance, say one or two generations into the future,
then several uncertainties creep into the problem. First and foremosthe projection model
scenarioschosento establish recovery potential and metrics have a strong influence grerceptions
about the efficacy of alternative recovery strategiest E A 0 folv dohfideBce in the future
predictions of Chinook salmonabundance and SRKW responses to that abundance (see above
response toKey Question 3) is essentially repeated here. Tis is not meant to imply that the
population modeling is not a valuable and worthwhile research activity. On the contrary, the Panel
believes that the models should be refined and used to makepriori predictions for future SRKW
dynamics that can then becompared to observations in the normal process of scientific
investigation.4 EA 0 Adindid tiiahese models are simply not mature enough at this time to
warrant a high degree of confidence in their predictions alone.

Projected changes in extinction risk : Recovery criteria based on extinction risk are sensitive to
several factors, includinginter alia: (1) variation in the specific definition of extinction and (2) the
difficulties involved in modeling future SRKW abundance as discussed above, as waslchoices for
population viability analysis (PVA) scenarios. According to SRKW recovery pladMFS defined
@Quasti-extinction8as the stage at which 10 or fewer males or females remained a threshold from
which the population was not expected to recovar(NMFS 2008) In Workshop 2, quasiextinction
was taken to beN < 20 individuals (Ward 2012). Although quasiextinction is, by definition, a
somewhat arbitrary choice, the specific criteria for SRKW should at least be consistent among PVA
analyses.

Earlier assessments of extinction risk (e.gKrahn et al. 2004)found that such risks are strongly
dependent on SRKW carrying capacity and catastrophic effects assumptignsg., the two factors for
which there is the least amouth of data or experienc. For instance, absent a catastrophe and given
the observed range of survival and fecundity over the past 29 years, quasitinction risk for SRKW
over 300 years increases 1dold as carrying capacity values decrease from 400 dowio tL00

whales (Scenario A(Q)1 irkrahn et al. 2004) Higher carrying capacity implies greater scope for
population growth at current abundances (~87 whales) and thus rapid growth away from quasi
extinction thresholds, while lower carrying capacity implies little scope for growth away from
guasi-extinction thresholds.

There have been catastrophic losses of killer whale populations in the past, although the rarity with
which they occur makes it difficult to assign probabilites of occurrence. For example, the following
guote describes killer whale population declines associated with the 1989 Exxon Valdez oil spill in
Prince William Sound, AKMatkin et al. 2008).

"The loss of 33% of AB Pod and 41% of the AT1 Group from the time of the spill through the following
winter of 19891990 is a catasophic event with no precedent in any population of killer whales in

the North Pacific (Ford et al. 1998, 2000, Matkin et al. 1999a) and is well outside the normal range
observed in other pods from the southern Alaska resident population.
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Although the threat of an oil spill features prominently in the SRKW fyear status review(NMFS
2011b), there was no mention in the actual modeling workn NMFS(2011) or Krahn et al.(2004) of
the impact of the Exxon Valdez oil spill on killer whale populations in Alaska. This suggests thia
original PVA models could have underepresented the magnitude of catastrophic effects from
events like oil spills. In addition, the PVA did not contemplate persistent effects of a single
catastrophe, even though the effects of the Exxon Valdez spitipear to have persisted for more
than a decadgPeterson et al. 2003, Matkin et al. 2008)

Key Question 2. Are the methodsemployed to evaluate the viability of the SRKW under alternative
assumptions about future salmon abundancscientifically reasonable?Do you have any specific
suggestions to improve the methods?

The PVA methods used for SRKW recovery plaing are as scientifically reasonable as any other
application of these methods. See below for suggested ways to improve them.

Key Question 5. Based on your expert opinion, what level of confidence would you assign to the
conclusion that predicted changesn Chinook salmonabundance caused by fisheries increases the
risk of extinction of the SRKW population?

The Panel assignsery low confidence that future fisheries will appreciably affect the extinction
risk of SRKW. Besides great uncertainty in the a@l extinction risk caused by unmodeled, yet
plausible process effects (i.e of salmon and SRKW dynamics), the effects of fisheries in existing
PVA models are much smaller than effects of carrying capacity and catastrophic mortality events.

Ratios of prey available to prey required : Prey availability, measured one way as the ratio of
prey available to prey requirements given metabolic demands associated with SRKW abundance
and population structure, is an attractive performance metric for recovery strategis because these
are potentially controllable by decisionmakers. Analyses presented ithe workshops (Noren

2011b, 2012)as well as recent published studiegWilliams et al. 2011)suggest thatChinook
salmonrequirements for a SRKW population of 87 animals (and assuming current population
structure) range from 211-364,000 age4 equivalents per year. These estimates are clearly valuable
pieces of infamation to consider given the specialist predatofprey relationship between SRKW

and Chinook salmon

The challenge in using these ratios will obviously be in determining what salmon are available
given fluctuations in Chinook salmonabundance as well as competition with other salmon
predators. The example competing risks of death framework inrAppendix B) shows one way to
evaluate how available prey changes with changes in the abundance and prey requirements of
competitors, as well & how the relative force of mortality is partitioned among various predators
and fisheries.

Potential biological removal (PBR) : As part of Workshop 1, the Panel was asked to comment on
the following in relation to PBR

af the effects of prey reduction on killer whale population dynamics due to a
specific action were quantified in a manner similar to the effects of a direct

49 The Independent Science Panel and ESSA Technologies Ltd.



Salmon Fisheries and Killer Whales 1 Final Report of the Science Panel

harvest or harvest bycatch action, would using a bycatch -oriented framework
such as PBR be a reasonable approach for assessing theseffects? (Barre 2012)

PBR is not specifically a recovery criterion, but rather an operational procedure for setting the
allowable level of impact to a population depending on is status. This level of imgaor allowable
removal, is based on the formula,

per-n,, B,

which is just the harvesting equation for a logistic growth model in whiciNmi, (87 for SRKW) is the
minimum population size estimate Rnaxis the maximum rate of growth (assumd 0.04 for SRKW),
and Fris a safety factor used to reduce allowable removals as per Marine Mammal Protection Act
guidelines for endangered Fx=0.1), threatened or depleted F==0.5), or above optimal sustainable
levels (Fr=1.0) (Lonergan 2011). This PBR approach has the benefit being relatively
straightforward to apply to SRKW(e.g.Barre 2012),

20046
PBR=87 501=017 FRKWYex
&3 ¢

Thus, PBR for SRKW would be a relatively small fraction of a whale peay. Despite its simplicity,
the Panel doubts that PBR would be a practical performance measure for assessing impacts of
Chinook salmonfisheries on SRKW recovery. First and foremost, PBR cannot be readily monitored
or measured from actual data, which preades using it in objectives or performance criteria as
defined above. In contrast to fishery bycatch applications, where PBR is sometimes used to
determine allowable impacts on marine mammals, one cannot observe killer whales being
"removed" from the popuation. On the contrary, killerwhales that disappearare rarely recovered
and therefore the cause of death cannot be determindtlMFS 2011b) Since 2005, aly one
reported killer whale stranding was identified as a Southern ResiderKiller Whale (cause of death
was apparently a vessel strikg and none of the reported deaths were attributed to starvation
(NMFS 2011b) which would be the assumed mechanism by which removals would be caused by
Chinook salmonfisheries, unless there is an interaction between nutritional state and probably of
ship strike or other source of mortality.

Determining whether Chinook salmonfisheries were responsible for indirectly removing 0.17
whales per year (or some fraction thereof) would require a highly precise model to allocate impacts
of a suite of factors affecting SRKW abundance at any particular time. Anditncreasingly clear

that models taking multiple impacts on SRKW abundance and dynamics into account are not
available at the present time.

Viable risk assessment procedure (VRAP) : According to presentations in Workshop 4Barre
2012), VRAP defines the highest allowable exploitation that causes low risk to survival and high
probability of long-term population recovery. The considerations described above for PBR similarly
apply to VRAP. In partialar, VRAP appears to be a simulatiehased procedure for defining the risk
adjustment factor Fr based on specific biological and policyelated reference points.
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Biological criteria : Characteristics of SRKW populations, such as abundance,-agreicture, sex
ratios, social structure, and genetic diversity feature prominently in assessments of SRKW status,
and likely continue to in the future, for both US and Canadian recovery strategies. Because
biological characteristics are reasonably measureable, one w#o improve the use of these criteria
is to perform meta-analyses across a wide range of populations. At the present time, the only
reference population for SRKWs the NRKW population, which may or may not bappropriate. As
wide a range as possible ikiller whale populations may provide a better empirical distribution
against which to judge the future status of SRKW.

5.4 Recommended Information and Analyses

Key Question 4. Based on your expert opinion, are there additional analyses that could be
conducted an the SRKW population or other resident killer whale populations t@etter understand
the relationship between salmon abundance and killer whale population viability

The Panel recognizes the considerable progress that has been made in understanding hailmsn
abundance may affect killer whale population dynamics. The analyses performed to date on the
relationship between salmon abundance and killer whale fecundity and survival have likely
extracted as much information as can be gained from the historicdhata. The results certainly lend
credibility to the hypothesis that SRKW growth rates and abundance are related to salmon
abundance, but they also raised many questions about specific mechanisms, the chance of spurious
correlations, alternative hypothesesdata gaps, and expected changes @hinook salmon

availability. In the absence of controlled experiments, we will continue to rely on observational

data, and therefore will remain unable to clearly distinguish among these alternatives in the future.

O the effects of prey reduction on killer whale population dynamics cannot be
adequately quantified, are there alternative frameworks for evaluating the
risks of a particular level of prey reduction? o6 (Barre 2012)

Decision-analytic approaches and quantitative risk assessments are specifically designed to deal
with irreducible uncertainties (Morgan and Henrion 1990) In general, much of the modeling work
that has been done represents a form of quantitative sk assessment albeit with a specific focus on
impacts caused by fisheries. However, clear indications that predation regimes faced®iinook
salmonare also changing raises considerable doubt that fisheries alone are having major impacts
on SRKW dynamicsTherefore, asthe Panel hasattempted to communicate above, the Panel feels
that an explicit set of "realistic" alternative hypotheses is missing from these analyses.

Based on data and uncertainties, what criteria would be robust for assessing
impacts of fisheries?d(Barre 2012)

There have not been many robustness tests of any performance measures for assessing impacts of
fisheries of SRKW recovery. Robustness is about drawing the correct inferences aodclusions
despite an incorrect perception of the underlying mechanisms. The Panel, as well as participants in
the workshop processhasidentified some alternative mechanisms and scenarios that should be
investigated in greater depth, and perhaps one obgtive of those analyses should be to explicitly
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evaluate robustness of a suite of performance metrics at distinguishing among these hypotheses. In
its draft report, the Panelsuggested that simulation approaches be used to evaluate our ability to
detect impacts of fisheries on SRKW under alternative scenarios. Although those specific
suggestions did not survive interim reviewsthe Panelcontinuesto advocate for assessing
robustness of performance measures via creative application of that approach.

Giventhe location and concentration of critical habitat, the SRKW population may be more exposed
to industrial hazards than any other killer whale pgulation in the world . Research characterizing
potential catastrophic risks faced by SRKW associated with indugl accidentsshould continue to

be a high priority.

If extinction risk criteria are central to recovery planning, then research on a wider range of factors
than fisheries must be done, especially considering that significant expansion of oil tanker tiiafin
northern British Columbiawould represent a much greater risk of catastrophic loss of SRKW (and
NRKW) than fisheries. This suggestion is not meant to divert attention away from fisheries, but
rather to recognize that modeled fishery impacts on SRKW extinction risk are probably naibust

to other PVA assumptions.
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APPENDIXA: ORIGINAL QUESTIONS FROM THENOAAAND DFO
STEERINGCOMMITTEE

Original questions from the NOAA and DFO Steering Committee, as presented in the Reading List
document:

1. What Do We Know about Their Feeding Habits?

Review the Available Information on Distribution, Diet, Food Energy Value of Prey, Daily Prey
Energy Requirements of Southern Resident Killer Whales

1) Are the methods used to estimate the SRKW diet (including speci€hinook salmonstocks, and
Chinook salmonage/size) scientifically reasonable given the available information®o you have any
suggestions to improve the methods?

2) Are the methods employed to estimate the daily prey energy requirements of the SRKW scientifically
reasonalle given the available information7Do you have any suggestions to improve the methods?

3) Based on your expert opinion, what level of confidence would you assign to the conclusion that,
during the May-Sept time period in the Salish Sea, the SRKW have a dmtsisting largely ofChinook
salmon?

4) Based on your expert opinion, what level of confidence would you assign to the estimate of the
distribution of age 3, 4 and 5Chinook salmonin the SRKW diet (MaySept, Salish Sea)?

5) Based on your expert opinion, whalevel of confidence would you assign to the conclusion that the
32+780 AT AOOAI AEAO I10fChiAKsaimo®T T OEOOO 1T £ OAI I 1

6) Do you have specific suggestions to address key assumptions and uncertainties?

2. What Do We Know About Their Status?

Review the Available Information on Census and Population Structure, the Species Status and
Recovery Criteria, Historical Abundance and Carrying Capacity of Southern Residents as well as
Information about Northern Residents

1) What ecosystem considerations and/or tends might be relevant, including environmental carrying
capacity questions?

2) Based on your expert opinion, what can we learn from evaluating the similarities and differences
between Northern and Southern Resident?

3. What Do We Know About the Relationship Between Chinook salmon Abundance
and Killer Whale Population Dynamics?

Review the Available Information on Demographic Modeling, the Role of Nutrition in Individual
Growth and Condition, and Available and Emerging Methods to Investigate Body Condition

1) Arethe methods employed to evaluate the relationship between salmon abundance and SRKW
(and/o r NRKW) fecundity,survival and population growth scientifically reasonable?Do you have any
specific suggestions to improve the methods?
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2) Based on your expert opinion are there additional analyses that could be conducted on the SRKW
population or other resident killer whale populations to better understand the relationship between
salmon abundance and killer whale survivalfecundity, and population growth?

3) Are the mahods employed to evaluate the potential for nutritional stress in the SRKW population
scientifically reasonable?

4) Based on your expert opinion, what level of confidence would you assign to the conclusion that the
SRKW exhibit signs of nutritional stress®f cumulative effects that include lower than optimal
nutrition?

5) Are the methods employed to evaluate the viability of the SRKW under alternative assumptions
about future salmon abundance scientifically reasonable®o you have any specific suggestions to
improve the methods?

6) Based on your expert opinion, are there additional analyses that could be conducted on the SRKW
population or other resident killer whale populations to better understand the relationship between
salmon abundance and killer whale popution viability?

Identify Fisheries That May Affect Prey Availability
Review the Available Information on Fisheries That May Affect Prey Availability

1) Do any parts of these data need further clarification?

Chinook salmon Needs of Southern Resident Killer Whales
2A0EAx OEA . -8&3 AT A $&/ 60O Chinhdk sanbrONebdE Basedbon this DOT AOET 1 ¢
Information

1) Based on your expert opinion, what level of confidence would you assign to the conclusion that the
SRKW prey energy requirements are within the range @@hinook salmonkilocalories or numbers of
Chinook salmonestimated by NMFS and DFO?

2) Do you have specifi suggestions to address key assumptions and uncertainties in the analysis?

Chinook salmon Abundance and Food Energy Available to Killer Whales
Review the Analysis Conducted to Date

1) Are the methods employed to predict salmon abundance by stock in specifimes/places
scientifically valid?
2) Are there improvements to the methods you would suggest

Reduction in Chinook salmon Abundance and Food Energy from Fisheries
Review the Analytical Approach from the Opinion and NMFS Report on Fishery Profiles

1) Are themethods employed to predict the reduction in salmon abundance by stock in specific
times/places scientifically valid?
2) Are there improvements to the methods you would suggest?
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8. Ratio of Chinook salmon Food Energy Available Compared to Chinook salmon
Food Energy Needed by Southern Residents with (and without) Fishing

Review the Analysis Conducted to Date

1) Are the methods employed to estimate the prey ratios under alternative fishing scenarios
scientifically reasonable?

2) Do you have specific suggestions @ddress key assumptions and uncertainties?

3) How sensitive is the ratio analysis to its component parts? (e.g., selectivity function, whale population
size and structure, percent ofChinook salmonin diet, food energy value of prey, etc.)

4) In your expert opinion, do forage ratios provide meaningful information about potential prey
limitation in the SRKW?

5) How can we improve comparisons to ratios for other marine predators and systems?

6) What more can we learn from the ratios? For example, is it possible to estibe what the ratio should
be in a given time and area to support survival and recovery of the whales?

9. Change in Population Growth Rates Annually, Abundance Over Time and Species
Survival and Recovery

Review the Analysis Conducted to Date

1) Based on your epert opinion, what level of confidence would you assign to the conclusion that
predicted changes inChinook salmonabundance caused by fisheries affect the population growth
rate of the SRKW?

2) Based on your expert opinion, what level of confidence would you assign to the conclusion that
predicted changes inChinook salmonabundance caused by fisheries increases the risk of extinction
of the SRKW population?
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APPENDIXB: COMPETINGRISKS OFDEATH (CRD) MODELING

A competing risks of death (CRD) modeling framework for evaluating the impacts
of alternative fishing regimes on prey availability a nd survival.

Throughout the workshop process, he Panelexpressed concern abouthe assumptions underlying
analyses of fishery impacts orChinook salmonavailability to killer whales. In particular, the Panel's

view is that the original chain of logic linkng fisheries to southern resident killer whales Figure

1A) takes too narrow a view of the context in which these interactions take placé.EA 0 AT A1 6 O
original concerns arose following Workshop 1, where we questioned assumptions abotdnstant

Chinook saimon natural mortality rate and how eliminating Chinook salmonfisheries would cause

direct increases in prey available to SRKV@&pecific elements of these critiques are as follows:

1) Chinook salmon natural mortality rates seem low 7z Instantaneous ratural mortality
rates of approximately 0.2 yea# (~80% survival) and 0.1 year! (~90% survival) for age4
and age5 Chinook salmon respectively, seemedbw giventhe overall magnitude of SRKW
consumption of these ageclassesgNoren 2011a, 2012)compared tototal Chinook salmon
abundancein the ocean(Kope 2012).

2) Chinook salmon natural mortality should vary over time - Temporal variation in
Chinook salmonnatural mortality would be a reasonablehypothesis given increases in
marine mammal predators gspecially NRKW and certain pinnipedsover the past several
decades(Ford 2012b, Pearson and Jeffries 2012)

3) Chinook salmon natural mortality should be density -dependent - Long-lived, highly
mobile, and efficient specialist predators like SRKW and NRKW may be able to consume
relatively stable quantities of Chinook salmon which implies that theChinook salmon
natural mortality associated with killer whale predation should varyinversely with Chinook
salmonabundance(i.e., at lowChinook salmonabundance, predation mortality should be
higher than at highChinook salmonabundance)

4) Eliminating fisheries should cause an i ncrease in Chinook salmon available to SRKW
less than fishery impact z SRKW are one of many competing consumers of ad@hinook
salmon. The impacts of alternative fishing regimes oi€hinook salmonavailable to SRKW
does not account for consumption by these other caumers.

The above list contemplates a range of factors and processes that could be involve@hinook
salmon mortality processes. In this Appendix, we provide a brief description and numerical
example of a competing risks of death (CRBleisey and Patterson 2006jmodeling framework,
which can help to frame evaluations of fisherkiller whale interactions in an ecosystem context.
The CRD approdet acknowledges that when multiple consumers act simultaneously as agents of
[Chinook salmor] mortality ( Figure 1B), one may not be able t@redict the impact of adding or
removing a source of mortality to overall survivalrate without knowing how mortality caused by
the remaining agentschangesin response to this addition or removal(Heisey and Patterson 2006)
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The CRD model we present below is not intended to replace existing mesipecies andyses (e.g.,
Preikshot and Perry 2012)or Chinodk salmonabundance reconstruction methods. Rather, it is
meant to focus discussion on two types of confounding of fishery and predation effects that arise
from the assumptions in (1)}(4) above.First, when there are multiple forces of mortality operating
additively and independently on a common prey resourceand thefishing component(Fishing~0.20
yearl) is relatively modest compared to other forces, then removing fishing as a cause of death will
change prey survival rate less thatisning. Second, if he consumption of prey by natural predatords
relatively constant (e.g., follows a Type Il functionalesponse), thenthe natural mortality rate of

prey must vary, possibly dramatically, with prey abundance, being much higher when abundance is
low.

Examining such interdependencies amongnultiple forces of mortality can be done using £&RD
model that includes SRKW, NRKW, and fisheries as basic elements (although the more complex
model in Figure 1B could be constructed from available information).The CRD approach takes
various forms depending on the field in which it is applied. In fisheries, it takes the form of the-so
called catch equationQuinn and Deriso 1999) i.e.,

F (1)
Ct)=Nt—- (- e
o ® ()Z(t)( e?0)

where j indexes prey consumeti(e.g., 1=fishery, 2=SRKW, 3=NRKW](t) is the total number of
Chinook salmonharvestedor consumed N(t) is the abundanceof fully-selectedChinook salmon
availableto consumers at the beginning of period, F(t) is the force of mortalityimposed by
consumerj, Mis a densityindependent natural mortality rate from sources other than fisheries and
killer whales, andZ(t) is the total instantaneous mortality rate, i.e.,

zm:m+§gm
2)

The total annual survival rate is

©) SO =e

Assumptions for the Numerical Example

Equation (1) can be solved for the unknown consumptiofg by each competitor if the individual
forces of mortality | are known or predictable from either the product of catchability ¢;) and
search time ) (i.e.,F = qiF) or from historical estimates of exploitation rates derived from stock
reconstruction methods. If, on the other hand, th&; are unknown, then Equation (1) can be solved
numerically for the F; values given observed values for consumption or catciGj.

Below we provide a numerical example to demonstrate some basic inferences and insights that
might be gained through application of the CRD, or similar, approach to the complex multi
predator/consumer context that provides the setting for these workshops. Thexample requiresa
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substantial number of simplificationsand assumptions to allow a preliminary assessment of the
implications of the CRD approachand we recognize that some of these simplifications or
assumptions may be more or less realisticThe most inportant simplifications/assumptions are as
follows:

1. Fishery exploitation rates , F, for the historical period (1979-2005) were obtained from ocean
catches, reconstructions of historicalChinook salmonocean abundance, and estimated
escapementgKope 2012). It is important to note here that the ocean fishery exploitation rate
estimates we used are dependent on assumptions about natural mortality rates at all life history
stages via their use in reconsticting ocean abundances.

2. Chinook salmon consumption per killer whale (C) matches requirements as inferred from
body growth models(Williams et al. 2011, Noren 2012) Theseconsumption ratesrange from
C=2435 fish/year/whale for a low consumption scenario to G= 3997 fish/year/whale for a high
consumption scenariolt is important to highlight here our key assumption that consumption of
Chinook salmonper killer whale is fixed regardless ofChinook salmonabundance or e population
age/stage-structure of SRKW and NRKWAIthough this is probably not a valid assumption in
general, we assume it is a reasonable approximation for a preliminary assessment of the range of
Chinook salmonmortality rates generated by killer whdes. Fixing consumption this waywill tend
to over-estimate mortality rates at very lowChinook salmonabundance because there is no
reduction in total Chinook salmonconsumed bykiller whales as perhaps might occur if total
feeding time is limiting.

3. Chinook salmon natural mortality rate s are assumed to bév =0.1/yr or M =0.2/yr from
sources other than fisheries or whales (e.g., sea lions, seald)ese represent natural mortality
rates for age4 and age5 Chinook salmonas employed in existing modelig approaches (e.g., CTC,
FRAM) and probably result in conservative assessments of mortality in the sense that predation
mortality on age-4 and age5 Chinook salmonby pinnipeds is assumed small compared to
predation mortality caused by Killer whales.

Results

Based on the low consumption scenario (€2345; M =0.1), numerical results from the CRD model
suggest that annual survival of ages-8 Chinook salmonvaried between approximately 55% and
80% over the period 19732005. Early peaks ofchinook salmontotal mortality in 1979-80 were
associated with high fishing mortality, while later peak mortality (1991 and 2004) occurred when
low Chinook salmonabundance combined with higher NRKW and SRKW abundances to produce
high natural mortality rates (Figure 2). Snce the early 1990s, it appears that natural mortality may
have been substantially higher than assumed in current stock assessments @hinook salmon

At the lowest levels ofChinook salmonocean abundances than have been experienced over the
1979-2005 period (less than2.5-3.0 million) , the CRD model suggests th&RKWand NRKW exert
much higher predation mortality, which could lead to annuaChinook salmonsurvival rates below
40% under low consumption igure 3 top row) and below 30% under high consumption
scenarios Figure 3 bottom row), even at low fishing mortality.
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When Chinook salmonocean abundance is greater than about 3.5 million, it appears that
assumptions about natural survival rates of 86d0% are na unreasonable because mortality rates
caused by killer whales would then be relatively low. Mortality due tdiller whale predation is
much less sensitive to changes i@hinook salmonabundance when that abundance is high.

Discussion

The CRD model exampleare meant to sketch the types of analyses that could be donfer example
as checks on the consistency of current assumptions and hypotheses about interactions among
marine mammals, fisheries, andChinook salmonmortality patterns . For the numerical exanples
above, wve made what seemed like sensible assumptions fabundances and consumption rates
given presentations at workshops and the available literature (much of which was written by
workshop participants!). The results suggesnonlinear interdependendesin how Chinook salmon
mortality is partitioned among fisherieskiller whales, and possibly other marine mammals. The
CRD approach also suggests that natural mortality rates 6hinook salmonmay have increased
since the 1970s1980s due to increasing Bundance of northern resident killer whales especially.
Thus,one hypothesis arising from these calculations is that the NRKW population may exert

as much, or more, influence over SRKW growth rate as fisheries. Such relationshipscould be
analyzedin the existing logistic regression framework.

The conceptual model irFigure 1B suggests asecond hypothesis that reducing ocean and pre -
terminal fisheries may actually result in more transient killer whales (TKW) via response of
intermediate pinniped (PINN) predators to increases in availabléChinook salmon

Fixing the total consumption ofChinook salmonby SRKW and NRKW implies the strong

assumption that killer whales impose depensatory mortality orChinook salmon as is

demonstrated inFigure 3. We did not actually model Type Il functional response behavior of

whales, because that would require more complex analys#isat are beyond the scope of our

review, although the approach has been applied to other fishemparine mammal conflicts

(Trzcinski et al. 2006). Considering the functional response wouldikely be important if seasonality
were taken into account. In winter, whenChinook salmonare more dispersed compared to peak
density periods in summer, SRKW may not be able tortsistently obtain a full ration as assumed in
the above calculations. Therefore, a more realistic model would be based on input search effort and
the functional response rather than assuming constant consumption.

Finally, we wish to acknowledge that stimates ofChinook salmonocean abundance are based on
reconstructions provided by the CTCThe CTC calculation@assume that mortality rates between the
fish ages are much less than those implied lmur CRD calculationsFor example, in the run
reconstructions, numbers of ages fish estimated present in the ocean include an adjustment for
ocean natural survival ratelIf the true ocean natural survival rates were much lesshen the
estimated abundances at younger ages would be much more than currently calceldtby the CTC.
Sucheffects on age4 would reflect just one year of "scaling up” to correct for unknown losses due
to ocean natural mortality, while effects on age5 would be small, reflecting only the part of the year
(Winter-Summer) leading up to fisherés.Thus, we caution that the CRD calculatieprobably
exaggerate the actual mortality rates, though the relative magnitude of forces of mortalitgay be
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reasonable.On the other hand, we also ignore the dynamics of oth&hinook salmonpredators
such aspinnipeds, which we assume contribute to the constant, relatively low natural mortality
rate M, but which are probably more appropriately dealt with in the same fashion as for killer
whale predation.lt is likely that multispecies models like Ecosim coul@lso represent the full suite
of predation and fishing mortality impacts onChinook salmon(Preikshot and Perry 2012).

A CRD or similar modeling approach provides a tractable means of assessing alternative "minimum
realistic" modelgPunt and Leslie 1995, Yodzis 20ty predicing how abundance @hinook salmon
and their predators might respond to alternative fishing regimes. The interactions@mioogk salmon
predators, and fisheries is certainly complex enough to warrant looking beyonesgiegles approaches.
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Figure 1. Alternative influence diagrams for linking fisheries toChinook salmonand Southern
Resident Killer Whales (A) Original logic diagram used to define and scope analyses of fishery
impacts on SRKW population growth and viability. (B) Alternative influene diagram derived from a
competing risks of death (CRD) conceptual model. The CRD is defineddhynook salmon
consumers in ocean (OCEAN), piterminal coastal (PRETERMINAL), terminal freshwater areas
(TERMINAL), and spawning grounds (SPAWNING). Animal somers areSouthern (SRKW) and
Northern (NRKW) Resident Killer Whalesand pinnipeds (PINN).Consumers of pinnipeds are
transient killer whales (TKW).
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Figure 2. Top: Ocean and Terminal Rui€hinook salmonabundances obtained from "CTC model
based ERs.€x" spreadsheet (calculated as sum of age 4&5 combined Scohort and Terminal Runs).
Bottom: Instantaneous mortality rates obtained by solving CRD model under assumptions that (i)
SRKW and NRKW total annual consumption per whale is constant (C=243&hinook salmon in this
example); (i) historic fishing mortality rates are known; and (iii) Chinook salmonprey availability

to killer whales is represented byreconstructed Ocean abundancerlotal predation + natural

mortality is shown as "Nonfishing" (solid red line). The axis on the right side shows the annual
survival probabilities corresponding to the instantaneous mortality rates on the left.
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