Summary:  May 2003 Southern Resident Killer Whale Prey Relationships Workshop

Background

Participants were tasked to identify research questions relevant to Southern Resident killer whale prey relationships (e.g., identification, abundance, distribution, etc.).  The criteria for questions were:

1) Does this question significantly move us forward in understanding the relationships between prey and Southern Resident killer whale survival and reproductive success?

2) Have the financial constraints, as outlined by NMFS, been considered?

3) Is the research able to begin this summer?

4) Do permits exist to do the work?

5) Is there logistical support in place to accomplish the work?

During the brainstorm session, a large list of research questions was generated.  All participants voted on what they felt were the most important research questions from that large list.  Based on the number of votes, four key (highest priority) research questions were chosen.  Four groups of participants were formed to develop the key research questions with refined detail, including possible methods to address each question.

In what follows, we first present the four key (highest priority) research questions resulting from the SRKW Prey Workshop (a summary of the discussion on methods for each of the four key research questions is at the end of the document).  Following the list of highest priority questions, we present the large list of research questions formulated by all participants.  The questions are divided into four specific categories, including, 1) Prey Selection/Preference; 2) Prey Distribution/Abundance; 3) Prey Quality - Size/Fat Content; and 4) Prey Quality - Contaminants.  We did not omit any of the research questions identified, but we did combine related questions and omit any redundant questions presented by multiple participants.   
Final Four Key (Highest Priority According to the Criteria) Questions Resulting from the Prey Workshop
Prey Selection/Preference

1.  What are killer whales eating?

2.  What is the seasonal variation in the killer whale diet?
Prey Abundance/Distribution

No questions in the category were identified as a priority, as we don’t yet know which prey are the most important for Southern Resident killer whales.  Questions 1 and 2 (above) need to be answered first.
Prey Quality - Size/Fat Content and Contaminants
3.  Are recent demographic trends in the southern resident killer whales consistent with nutritional limitation, contaminant stress, or both?
Prey Quality - Contaminants

4.  How do contaminant concentrations & patterns vary among KW prey species at different locations along Western North America?
Prey Selection/Preference Questions
1) What do killer whales eat?


a) What are the important species of prey of SRs, in order of preference?


c) What are seasonal differences in prey selection?


d) What prey do SRs eat while in inside and outside waters? 


e) Are there pod-specific associations with various salmon runs?



- What proportion of the summer diet is Chinook?



- Can we determine whether different pods are specializing on different salmon 


species/stocks of salmon?


f) What role do squid play in KW diet?



- What are the current population trends for squid?


g) What are the factors influencing diet?  



- For example: age, sex, pod, geographic area, diurnal patterns, season, prey 


availability, preference, rations/rates, catchability

2) Are the diets of N. and S. residents the same?


a) Can we use the diet of NRs as a model for that of SRs?

3) Are off-shore killer whales eating the same prey as southern residents?
4) How flexible or facultative are killer whales in diet choice?


a) Will SRs eat anything if hungry?

5) What sort of foraging strategy and/or mechanisms of prey location do SRs employ?  


a) Do they use echolocation, vision, follow bottom to get to favorite fishing hole, etc.?  

b) What cues do they respond to in environment?

6) Are there differences in day or night foraging?


a) What time of day and areas do most foraging events take place? 
7) What is a ration for a KW feeding i.e., small amounts over time vs. glut feeding?


a) What are KW’s energetic requirements?


b) How and at what rate do KWs catch prey?  

c) Are there differences in handling times/methods?

8) What time budget do killer whales use when foraging?

9) Does risk of injury limit prey selection?

10) What is the role of social behavior in foraging?

11) Has foraging effort changed over time?

12) Is there any spatial competition among resident and transient killer whales? 

13) What is the impact of increased competition for salmonids from pinnipeds on SRs?

14) What is the relative importance of hot spots for killer whales finding their food? 

15) Are there effects of PDO and El Nino on feeding and foraging success of SRKWs? 

16) Concerns about methods addressing questions in this category


a) Can we identify the magnitude of bias in prey sampling techniques?  

b) What percentage of predator/prey interactions is observed?  

c) Which techniques give the best picture?


d) Do alternative methods of evaluating diet concur with existing data on summer 
diet?
*What are killer whales eating?

*What is the seasonal variation in the killer whale diet?
Prey Abundance/Distribution Questions
1) What is the spatial and temporal distribution of KWs and their prey?

a) What is the overall geographic range of SRs?


b) What are the historic and current abundance and distribution of SRKWs and prey?


c) Have changes in abundance and distribution of prey occurred?


d) What are the year-round distributions and locations of the killer whales and prey?


e) How is SR distribution influenced by seasonal distribution of salmon?


f) Are there relationships between the spatial distribution of SRKWs and the timing and spatial 
distributions of returning salmon runs?

2) Are all prey species equally “available” (i.e. catchability, temporal, spatial “prey profitability”)?

3) How adaptable are SR to changes in prey distribution and abundance?

4) What is the origin of the salmon species that the southern killer whales are eating? 
5) What physical factors influence fish availability (day/night, water depth, physical barriers, etc.)?

a) What is the most biologically relevant measure of prey availability?

6) Is Puget Sound herring limiting on Chinook population numbers?
Prey Quality - Size/Fat Content Questions
1) What is the quality (nutritional value, contaminants, etc.) of SRKW prey and has it changed over time?

2) What do killer whales gain from eating certain prey (energetics, composition of the prey)? 
3) Are hatchery fish comparable to wild fish?

4) Are the S. residents nutritionally stressed?  


a) Is quality or quantity of prey a driving or limiting factor underlying SRKW abundance 
or 
health?


b) What fish limit population growth?  


c) Is there a way to visually measure nutritional stress (peanut head)?


d) Are there any demographic signals of nutritional associated stress?


e) Are there any biomarkers indicating nutritional associated stress?

5) How would a decrease in prey quality (size, lipids, etc.) affect killer whale health (survival, reproduction, and immuno-competence)?


a) Assuming a decrease in prey quality, do killer whales need to consume more to 
get 
nutritional and caloric values? 

b) How or do parasites limit prey selection?
 

6) What are the recent SR demographics and can information about prey influences be inferred from these data?


a) Have changes in age of 1st reproduction or birth intervals occurred and if so, are they 
associated with known changes in salmon abundance and/or quality?
*Are recent demographic trends in the southern resident killer whales consistent with nutritional limitation, contaminant stress, or both?
Prey Quality - Contaminants Questions
1) How much KW foraging is done in known contaminant hotspots?

2) What are contaminant levels of food and whales?  


a)  Are different prey species for SR different in contaminant levels?


b) Can we trace specific signatures of a contaminant or markers that are specific to 
different regions (source or origin) and different whales (pods, populations, etc.)? 


c) Is the major source of contaminants to SR from the N. Pacific or inland waters?

3) Are ocean distributions of Chinook stocks from N. Vancouver Isle different from Puget Sound/Georgia Basin stocks?

4) Are contaminants affecting survival and/or reproduction of SR prey?

5) What is relative value of stranded versus live animal tissue for toxin analysis?

6) What are the effects of contaminants within SRs?

a) Are high concentrations of Persistent Organic Pollutants (POPs) or other contaminants 
in SR 
prey affecting the health of SRs (e.g. survival. Reproduction, and immuno-
competence)?



- Extrapolation, epidemiology, biomarkers


b) Are there demographic patterns to suggest sensitivity to contaminants?


c) Are there any biomarkers indicating contaminant associated stress?

7) What are the recent SR demographics, and can information about prey influences be inferred from these data?


a) Have changes in age of 1st reproduction or birth intervals occurred and if so, are they 
associated with known changes in contaminant levels in prey?

*How do contaminant concentrations & patterns vary among KW prey species at different locations along Western North America?
Key Questions Developed Further

Prey Selection/Preference Question:  What are killer whales eating?
1. Lists of Available Data Sets


a) Historical data (short term, no permits required) - Purpose – data mining for abundance 
correlates with KW movement and abundance while not in Puget Sound

i. Historical data to correlate fish data with KW presence and movements



ii.Large scale – obtain commercial troll and sport fishing data for CA, OR, WA and BC 

historically for all months for 1976-present, including (if and when available) 


abundance estimates by spawning stocks of chinook and coho salmon for correlation 

with data available on SR KW distribution in time and space (when available)
2. Data Gaps

a) fish numbers by location (commercial; test fishery)


b) very detailed diet information – which prey, seasonal preferences, pod preferences, etc.

* Note: data gaps associated with each of the methods/approaches are listed separately below

3. Studies On-Going planned/published


Not addressed
4. Possible Methods/Approaches

a) Skin/blubber sampling 


i. look at differences in feeding ecology

      - diet over time, by category (season, demography, pod)



ii. short term, invasive, labor intensive


iii. need to check validity of stable isotopes and fatty acids for diet determination, 


potential political issues, we need a validation of these methods and to understand
how 

they could these be used.  


iv. need to sample different groups over time




v. need to build prey libraries that would allow us to derive seasonal diet preferences. 


vi. data gaps

- differences among species
- what constitutes an appropriate sample (blubber stratification)


vii. ways to validate 

- blubber/skin biopsies of captive animal studies with known diets

- stable isotope analysis of existing skin samples from stranded animals (J18, L51, and L60) to determine how effective the technique is in distinguishing between seasons
 - field samples from known individuals at different seasons

b) Field studies


i. small scale


ii. short term



iii. permits required


iv. can determine what they are eating (by categories)


v. can determine potential prey distribution

 

vi. data gaps 
- prey distribution unknown
- predator/prey interactions unknown

vii. types of field studies

         - critter cam


         - scale collections and bias quantification


         - acoustic surveys - prey alone and with predator foraging


         - TDR (time depth recorder)



         - Should focus on Salish sea - late spring through late year; J pod year-round




- * Note: a combination of these techniques will be most effective

c) Data mining existing killer whale sighting data and prey data bases

 
i. to determine prey abundance correlates with KW presence and and movement 


patterns


ii. GIS/Spatial stats (e.g., Mantel/Partial Mantel test)

5. Suggested Order of Work and Methods


Not addressed
Key Questions Developed Further

Prey Selection/Preference Question:  What is Seasonal Variation in Killer Whale Diet Selection?
1. Lists of Available Data Sets


Not addressed
2. Data Gaps


a) Summer and Fall 



i. Quantity of data: all techniques




- Small-scale focal animal observations (day/night)





Surface





Underwater (TDR, Critter Cam, Sonar)




- Large Scale Prey




- Whale Distribution




- Prey Field Mapping




- Fatty Acid (KW)




- Fish Tracking 

3. Studies On-Going planned/published


a) Summer and Fall



i. TDR Data on individuals (1yr)



ii. 40 individuals 1997 – 2002 (Baird)



iii. John Ford’s Data set for Scale samples and stomach content, harassment, 


observations (Balcomb et al)



iv. some spatial correlation in progress (R.Osborne, Boran, McClusky)



v. small scale spatial correlation (Felleman, Hawks-Johnson)



vi. fatty acid and stable isotope work on other species


vii. some fish tracking studies




-Chinook –Johnston Strait 




-Sockeye – Strait of Juan de Fuca



vii. whale sighting network



viii. Whale Museum database (in Sound area and out of Sound area)



ix. sighting network inside / outside (fish observers; Balcomb project)

4. Possible Methods/Approaches

a) Summer and Fall



i. More intense focal follows/ day and night




- scale sampling after predation events




- Cons: labor intensive, bias for both whales and fish, invasive, limited 



time opportunity





- Pros: actual diet – partial, direct observation




- behavioral data collection to observe predatory behavior




- Cons: less invasive, small sample sizes, biased to surface behavior, may 



not be able to follow whale watch guidelines, labor intensive


ii. Time Depth Recorder 




- Pros:  underwater behavior, time, depth, and velocity correlate with fish/prey 


distributions




- Cons: invasive, logistically difficult, inferred activities, short time frames



iii. Critter Cam




- Cons: invasive, difficult, short time, return for the time spent not necessarily 


high




- Pros: direct observation


iv. SONAR




- Pros: least invasive, higher efficiency




- Cons: more interpretation required, high tech expertise needed 



v. whale distribution data in Whale Museum Database




- include historic approach



vi. prey distribution by Sonar/ LIDAR / Tagging



vii. biopsies for fatty acids during different seasons – good method


viii. experimental design for social feeding interactions


 
ix. acoustical arrays – shipboard and moored
5. Suggested Order of Work and Methods


Not addressed
Key Questions Developed Further

Prey Quality - Size/Fat Content and Contaminants Question:  Are recent demographic trends in the southern resident killer whales consistent with nutritional limitation, contaminant stress, or both?

1. Lists of Available Data Sets

Not addressed
2. Data Gaps


a) We don’t know the individual variation in Persistent Organic Pollutants (POPs) within and 
between pods and individuals


b) We are not able to account for both contaminant load and genetics in terms of reproductive 
success


c) We don’t have mortality rates of neonates


d) Good indices of body condition and actual records of body condition


e) Where they are in the winter and what they are eating


f) Modeling contaminant transfer given what we know about their diet


g) The difference between matrilines and pods in prey choice and contaminant load


h) How prey quality affects body condition

3. Studies On-Going planned/published


a) Peter Olesiuk – calculated basic demographics, intrinsic rate of increase for NRKW, SRKW, 
and Prince William Sound


b) Paul Wade – changes in mortality are statistically significant, but reproduction changes not 
significantly different, demographic patterns change on a scale of a few years at a time – 
really 
depends on what years you look at, general model constructed from SRKW and is currently 
working on southeast Alaska


c) Can use individual I.D., birth order, etc. data from Marilyn Dalheim, Ken Balcomb, Graham 
Ellis, etc.


d) Gina Ylitalo – paper on recruitment order and contaminant load


e) Can use NRKW birth order, reproductive success data exists and can be used as a 
comparison with SRKW

f) David Bain – has done some modeling of recruitment, etc.


g) Rosen and Trites and others have done captive feeding studies with quality and 
quantity 
changes in pinnipeds


h) David Bain had Barnes Lake – Alaska data set 


i) Balcomb, Osborne has demographic data for Dyes Inlet


j) Studies on wild cetaceans – patterns of blubber loss during emaciation


k) Studies on patterns of lipid mobilization during fasting


l) Existing photographs that may be compared for signs of growth, especially for calves


m) Huge body of salmon data on abundance, body size, food quality (targeted toward fishing 
management – may take some time getting useful information out of it)


n) Some data on bottom fish abundance in some areas


o) AMAP has compiled information on contaminants – all work on Persistent Organic 
Pollutants (POPs) in Arctic species since 1996


p) Ridgeway – captive study on Tursiops truncatus and survival of young with contaminants.  
Measured toxin levels in milks


q) Pinniped studies on contaminant transfer to offspring through mother’s milk


r) Data on fasting in killer whales that were captured and did not eat (Eric Hoyt book – The 
Whale Called Killer)


s) Reproductive histories of captive females that have had successful or unsuccessful births 
that may also have contaminant levels that are recorded somewhere

t) Randy Wells – may have data on wild tursiops with contaminants and definitely has birthing 
success and birth order

4. Possible Methods/Approaches
 


a) Selective biopsy of key individuals for genetics, contaminants, stable isotopes, and fatty 
acids. Specifically compare J’s and L’s, males and females, etc and also look at differences in 
reproductive success.  Sample the NRKW to see what is present in an increasing population for 
comparison with the SRKW decreasing population.


b) More comprehensive studies on determining the actual prey – collecting scales, samples of 
prey during observed foraging events.


c) Comprehensive laboratory analysis of prey quality (caloric value, fatty acids, proximate 
composition), contaminants, etc.


d) Look extensively at photographs:



i. age of fin sprouting in males



ii. condition indices


e) Develop photographic method for determining body condition to be able to monitor changes 
in length for growing juveniles and girths at various sites along the body for all age groups as 
index of blubber thickness, etc. – Use Dyes Inlet as baseline?


f) Ultrasound measurements remotely on long poles to determine condition from specific 
and 
important sites.


g) Correlate fish abundance with demographics.


h) Detailed demographic analysis (i.e. mortality and survival related to age and sex, age at 
first reproduction, etc.) in comparison with other k.w. populations that have been well 
characterized.

i) Model and predict calf survivorship in relation to toxin load from data available from 
tursiops.


j) Look at male reproductive success in connection to contaminant load – biopsy samples 
for 
genetics and contaminants.


k) Look at observed and expected demographic parameters to see if there might be an effect of 
poor body condition or high toxin load.


l) Captive feeding studies on k.w. – varying quality and quantity and looking at effects on body 
condition (mass, blubber thickness, etc.).  Also look at effects of satiation levels with varying 
quality diet.  Feeding studies to determine changes in fatty acids in blubber for better analysis – 
can be done on a surrogate cetacean species.


m) Model calving intervals to determine what is typical and what the neonate mortality is.


n) Estimate available biomass (size and numbers).


o) Estimate K on an annual basis for SRKW, specifically if the population is food 
limited.


i. seems to be a lot of data out there that could be used to do such analyses



ii. age-specific mortalities, recruitment order differences in mortalities, etc., especially 

using existing fisheries data.



iii. Paul Wade and Peter Olesiuk have done some studies looking at this already, and 

this could be built on.  SRs and NRs can be compared.  





iv. existing data on birth order might be used to tease out contaminant effects on 


mortality.



vi. can look at ages of first are production, growth rates to look at possible 
nutritional 

stress.  Ultrasound blubber depth measurements to measure body condition could be 

done, as well as using existing photo data to look at growth rates.



vi. inter-population comparisons to look at different diet effects vs. demographic 


differences, especially between J and L pods



vii. do some captive studies to look at nutritional quality effects.

5. Suggested Order of Work and Methods


a) Make predictions about demographic changes expected under scenarios of food limitation 
and/or contaminant stress and compare to Northern residents and transients, for multiple 
variables, such as:



i. age at first reproduction


ii.growth rates


iii. neonate survival


iv. calving intervals



v. age-specific mortality



vi. sex-specific mortality


b) Examine and analyze existing data sets from southern resident killer whales and other 
populations of killer whales.  Make intra-pod comparisons in southern residents and between 
residents of other areas (transients (incomplete), northern residents, Prince William Sound 
residents, southeast Alaska residents – in order of importance).

c) Indices of individual body condition (photographic methods:  growth rates (new and old 
data), girth and girth at age (mainly new and old data), dorsal fin growth – height to width (new 
and old data); ultrasound; biopsy (paternity, coefficient of inbreeding, contaminants, stable 
isotopes, percent lipid content, fatty acid signature)).

d) Captive feeding studies on killer whales – vary quality and quantity and look at effects on 
body condition (mass, blubber thickness, etc.).  Also look at effects of satiation levels with 
varying quality of the diet.
Key Questions Developed Further

Prey Quality - Contaminants Question:  How do contaminant concentrations and patterns vary among potential kw prey species at different locations along the Western North America?

Sub-Questions
In general, NRs are doing better than SRs – is prey quality contributing to this pattern?

1) Do levels and patterns of contamination in prey (Persistent Organic Pollutants (POPs) + stable isotopes + proximate analyses + elemental signatures.  Eliminate or characterize age, size and condition), such as Chinook or in a secondary salmonid, (eg., chum, sockeye, etc.) vary spatially AK – BC – WA – OR – CA, and does this correlate with levels and patterns in North Pacific resident killer whales (include trophic level)?

2) Does  prey quality as indicated by proximate analysis vary spatially, consistent with abundance trends of North Pacific residents?

3) To what extent are “local” vs. “North Pacific” sources of contaminants contributing to KW contamination? 


a) Smolts vs. returning adults


b) Seals


c) Herring


d) Rockfish

1. Lists of Available Data Sets

Not addressed
2. Data Gaps

a) Quality levels, patterns: source, transport, fate (predator and prey)

b) Quantity health effects

3. Studies On-Going planned/published


a) [Whole body] in Chinook, herring in Puget Sound, Strait of Georgia


b) [Whole body] in Chinook, herring, seal food basket, seals in Puget Sound, Strait of Georgia
c) Water, air, sediments – Strait of Georgia + sed cores


d) Sediment grabs, mussels in Puget Sound and along coast of US


e) Georgia Basin modeling of contaminants


f) [Fillet] ES, rockfish Puget Sound to BC


g) Southeast AK – chum, coho, pink


h) Some SRKWs IOS and NMFS


i) Status review – looked at patterns (i.e., survivorship of old males)

4. Possible Methods/Approaches
 


a) 2 approaches



i. Prey (i.e., Chinook)



ii. KW blubber contaminant levels


b) Chemicals – KWs – prey



i. KWs “are what they eat”



ii. quantity, quality (contaminants, lipids, etc.) in Chinook

c) Coming from a contaminant perspective – understanding prey is important



i. should do studies on trophic relationships 


d) Challenges



i. spatial variation 


ii. condition, size, age, and sex differences within a species



ii. whole body vs muscle/fillet for methodologies for analyses


iii. determining which contaminants are most important


iii.logistics of sample collection



iv.determining actual diet composition of killer whales

e) Linkages



i. updated/revised KW diet composition



ii. demographic efforts



iii. to other stressors



iv. spatial trend resolution



v. temporal trend resolution


vi. disconnect between prey longevity vs. predator longevity



vii. trophic relationships



viii. contaminants in harbor seals may be a model for nearshore environment, local 

habitat indicator, or complementary higher trophic level indicator 



ix. Puget Sound / Strait of Georgia model vs. other regions (San Francisco Bay, Lake 

Ontario, Chesapeake Bay)

5. Suggested Order of Work and Methods


a) Updated/revised KW diet composition (from other research group)


b) Demographic efforts


c) Spatial resolution


d) Temporal trends


e) Connect between prey longevity vs. predator longevity


f) Trophic relationships



i. generally methods to be determined with respect to level of detail of sample analysis, 

location, life history type, needed sample size, etc.



ii. may be able to use information from harbor seals seals as a complementary high 

trophic level indicator



iii. may also be able to use harbor seals and resident Chinook in addition to returning 

adult Chinook for local vs. oceanic/global contaminant levels


g) Which contaminants?




i. Priority #1:





- PCBs (#1 health concern; gold standard in ecotox pathway)





- OC pesticides (DDTs, HCHs, HCB)





- “New” chemicals – PBDEs





- Dioxins/furans, etc.



i. Priority #2:





- pharmaceuticals





- new pesticides – forestry, cosmetics



h) Leveraging/collaboration/capabilities



i. salmon – Persistent Organic Pollutants (POPs) (NMFS, WDFW, DFO)


ii. seals – Persistent Organic Pollutants (POPs) (DFO, WDFW)


ii. other fish, sediments, models (WDFW, NMFS, DFO)
* Designates a key question that was developed further in the May Workshop





* Designates a key question that was developed further in the May Workshop
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