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Analysis* involved the following four general steps:   

1) Estimate the metabolic needs of resident killer whales 

2) Estimate the caloric value of Chinook salmon consumed by killer 
whales based on prey size and energy density 

3) Estimate the numbers of Chinook salmon needed to meet daily 
energy requirements 

4) Estimate the total numbers of Chinook salmon consumed by the 
NR and SR killer whale populations based on proportion in diet 

* Ford et al. 2010. CSAS Res Doc 2009/101 



1) Metabolic needs of killer whales: 

• Followed methods of recent analysis by Dawn Noren, NWFSC 
(Noren 2011) 

• Requires accurate estimates of body mass of individuals 
• Whales < 1 yr old discounted from analysis as dependent on mom 
• For whales 1-12 years old, sexual dimorphism is minimal so males 

and females were combined  
• For whales 13 years or older, separate categories were made for 

each sex by age in years  
• Changes in energetic requirements for adult females during 

pregnancy and lactation were not accounted for in the calculations.   
  



1) Metabolic needs of killer whales (cont’d): 

• For whales aged ≤12 years, body mass was derived from estimates 
body weight based on age in days for captive female killer whales 
(Clark et al. 2000) 

• For adult (>20 yrs) body masses, used recent measurements of 
length of southern resident killer whales by aerial photogrammetry 
(Fearnbach et al. in press) – mean for males: 677 cm, for females: 
600 cm 

• Body lengths converted to mass with equation developed by Bigg & 
Wolman (1975) from measurements of live-captured killer whales: 

where M = body mass in kg, and L = length in cm 



1) Metabolic needs of killer whales (cont’d): 

• Daily prey energy requirements (DPER) of individual resident killer 
whales were calculated using formulae developed by Noren (2011): 

• Min and max values of DPER reflect range of field metabolic rates 
estimated by Noren (2011) to be 5 to 6 times the basal metabolic 
rates predicted for mammals by Kleiber (1975) 

• DPER values also take into account digestive efficiency for killer 
whales, estimated at about 84.7% 

where DPER = daily prey energy requirements in kcal/d and Mb = body 
mass in kg.  



Estimated body masses and minimum and maximum Daily Prey Energy 
Requirements (DPER) for individual resident killer whales, based on age- 
and sex-class membership. 



Upper and lower bound Daily Prey Energy Requirements (DPER) for male 
and female resident killer whales by age-class (years).   



Lower and upper bound population daily prey energy requirements 
(DPERs) for northern resident killer whales (n = 241 in 2008) by age- and 
sex-class 

Est. total DPER = 34,025,721 – 40,835,806 kcal/day 



2) Energy value of Chinook salmon consumed by resident 
killer whales: 

• Wide range of sizes of Chinook salmon taken by killer whales, thus 
wide range in energy value 

• Needed to factor in size distribution of Chinook taken by northern 
and southern residents: 



2) Energy value of Chinook salmon consumed by resident 
killer whales (cont’d): 

• Energy content of different age classes of Chinook salmon was 
determined using average fork lengths by age from Ford & Ellis 
(2006) and a regression of fork length to energy content developed 
by O’Neill et al. (in prep.): 



Regression of fork-length of Chinook salmon to energy density in 
kilocalories (from O’Neill et al., in prep.) 



3) Estimate numbers of Chinook salmon needed to meet 
daily energy requirements 

• Next, divided DPER values by estimated energy content per fish for 
each age class of Chinook salmon, then calculated the number of 
fish each age class in each resident population would have to 
consume in order to meet their daily energy requirements: 

Northern resident: 

Southern resident: 



4) Estimate the number of Chinook taken by residents 
based on proportion in diet: 

Northern resident: 

Southern resident: 



Estimated numbers of Chinook salmon consumed by 
resident killer whales in Critical Habitats: 

• Confined estimate to July-August, peak months of foraging in CH 
and prevalence of Chinook in diet (~ 90% of prey) 

• Assumed entire southern resident population spends 90% of days 
within Critical Habitat 

• Total estimate 1200 to 1400 fish per day, or 67,000 to 81,000 fish 



Estimated numbers of Chinook salmon consumed by 
resident killer whales in Critical Habitats: 

• Estimate for northern residents more complicated as only portion of 
population uses Critical Habitat in any year 

• Average of 32.1 whales used CH per day, 1998-2008 (14% of NR) 
• Partitioned these into average demographic composition of 

population (number of juveniles, adult males, adult females) 
• Total estimate 420-500 fish per day, or 26,000 to 31,000 fish 
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