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How big was SRKW population pre-1976?
• What is the historical population size?
140? 
200? 
other?

• Where did 140 come from? 
N(1971) + total removals + shootings
Source: SRKW Recovery Plan, p 54-56



Population dynamics in reverse
• Harvests 1962-1979 treated as known
• Assume max growth rate 4%
• Estimate N(1962) given N(1976, 1977, …)
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Sample R code for exploring e�ects of varying carrying capacity over 1962-1979

K = 115 # carrying capacity before removals (1962)

r = 0.04 # Rmax = 4%

# Create data frame, using year specific harvests,

df = data.frame("Yr" = seq(1962,1979), "Harvest"=c(2,0,1,2,1,8,7,
3,13,5,1,4,0,0,0,1,0,0),"N"=NA)
df$N[1] = K
# project forward. make harvest occur before births/deaths

for(i in 2:dim(df)[1]) {
# logistic growth model

df$N[i] = (df$N[i-1]-df$Harvest[i-1]) + (df$N[i-1]-
df$Harvest[i-1])*r*(1-(df$N[i-1]-df$Harvest[i-1])/K)

}
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Figure 10: Estimated population trajectory for Southern Resident killer whales incorporating harvests over
the 1962-1979 time span.
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SRKW have likely been small for some time
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Figure 1. Population trends in Southern Resident killer whales. 

Figure 2. Annual Mortality rates. 

  

Reconstruction from Bain & Balcomb



Genetic data also suggest population size has 
been small (Ford et al. 2018)
• Effective Nb = 10-53 (mean = 22)
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except the J10 matriline. L41 was the sire of 20 progeny from 11
matrilines from all three pods, including 4 L-pod matrilines. The
remaining seven sampled males with assigned progeny had only
1–2 progeny each. There were also at least 10 unsampled fathers,
several of which were inferred to have produced > 5 progeny
(Table S6). Based on the ages of the family members, there were
typically known but deceased males from the population that are
candidates for these unsampled fathers (Table S5). Females pro-
duced progeny with up to four different males (Fig. 1). Based on
the paternities, male age at reproduction ranged from 16 to 59,
with a median age of 31. There was a strong positive relationship
between paternity and age (Fig. 2).

Trends in effective population size

Estimated Nb varied over time, but was generally <25, with
a peak in the late 1970s and trough in mid 1990s (Fig. 3;
Table S8). Estimated Nb for the 14 individuals born prior to
1970 was 24 (95% CI: 17–40). There was almost no uncer-
tainty in estimated Nb due to pedigree uncertainty based on
the 1000 best COLONY configurations (Fig. S1). The Nb/
census size ratio varied from 0.11 to 0.66, and averaged
0.28 (Fig. 3).

MLH-fitness correlations

MLH varied among individuals, although confidence inter-
vals were wide (Fig. S2). The MLH values for the four
inbred individuals did not differ significantly from the rest of
the population (t-test, t = 0.085, P = 0.94). Identity disequi-
librium was not significantly greater than zero for the SNP
loci alone (g2 = 3.386e-05, 95% CI: !0.00554–0.0058,

P > 0 = 0.467) or for the combined data (g2 = 0.0032, 95%
CI: !0.0043–0.010, P > 0 = 0.077). Based on simulations
using the ‘related’ package, all seven relatedness estimators
tested were similar and highly correlated with the true (simu-
lated) relatedness (Fig. S3); here we focus on the relatedness
estimator of Wang (2002). The mean estimates of pairwise
relatedness among individuals corresponded well with the
relationships in the pedigree, with values near 0.5 for parent/
offspring and full-sib relationships and 0.25 for half-sib rela-
tionships (Fig. S4). The expected (based on random mating)
and observed relatedness coefficients among identified parent
pairs were not significantly different from each other
(Fig. 4), and the number of matings within and between
pods did not differ from that expected by chance (Table S9).

For models predicting survival as a function of year, age,
sex and MLH, the best-fitting model for the combined data-
set included time, age and sex but not MLH (Table 1).
MLH was included in the second-ranked model, with a mod-
est effect size (Fig. S5). There was less model support for a
relationship between MLH and female fecundity (Table 2).
Similar results were obtained when the SNP data were ana-
lyzed separately (Tables S10 and S11).

Discussion

Pedigree and mating patterns

The pedigree is considerably expanded compared to prior
results (Ford et al., 2011). We made 46 confident paternity
assignments, compared to only 12 in the earlier analysis.
The increase was greater than might be expected based on
the increase in total samples (105 compared to 78) due to

Figure 2 Fitted relationship between male age and reproductive suc-

cess, estimated as the annual probability of a male having an offspring.

Mean and 95% credible intervals for model results from confirmed

sires are indicated with the sold line and shaded region, respectively,

and 95% credible results from a model considering all males including

those with no known offspring are indicated with dashed.

Figure 3 Trends in the estimated effective number of breeders

(Nb), estimating using the approach of Wang (2009) in a 10-year

sliding window. Dark line is the point estimate and light lines are

the 95% confidence intervals based on bootstrapping over pairs of

individuals within each 10-year window. The dotted gray line is the

observed number of individuals in the population for each year.

4 Animal Conservation "" (2018) ""–"" ª 2018 The Zoological Society of London

Inbreeding in a killer whale population M. J. Ford et al.

Population size

Breeders
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What’s going on now? 
• Lots of demography highlighted in 2011-2012 DFO 

NOAA workshops, Nov 2017 workshop at UBC

• SRKW have reduced fecundity and survival 
compared to NRKW and SEAK populations of killer 
whales 

Ward et al. (2009), Ford et al. (2010), Ward et al. 
(2013), Ward et al. (2016)
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Other fish-eating killer whales doing very well

• NRKW
• - 265 to 281 (2011 to 2017)
• - no strong signs of density dependence

• SRKW
• 87 to 76 animals (2011 to 2017)
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Recent declines appear similar to 1990s
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Changing age structure
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Increasing trend toward male births
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But recovery may be limited by females
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animal pod age last animal pod age last
J42 J 10 NA L103 L 14 2
J41 J 12 2 L91 L 22 2
J40 J 13 NA L94 L 22 2
J37 J 16 2 L90 L 24 NA
J36 J 18 2 L86 L 26 3
J35 J 19 7 L82 L 27 7
J31 J 22 1 L83 L 27 10
J22 J 32 14 L77 L 30 5
J19 J 38 12 L72 L 31 12
J17 J 40 2 L54 L 40 7
K27 K 23 6 L55 L 40 6
K22 K 30 11
K20 K 31 13
K16 K 32 15
K14 K 40 9



Some females might not ever produce a calf again 
(grey)
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J37 J 16 2 L90 L 24 NA
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J31 J 22 1 L83 L 27 10
J22 J 32 14 L77 L 30 5
J19 J 38 12 L72 L 31 12
J17 J 40 2 L54 L 40 7
K27 K 23 6 L55 L 40 6
K22 K 30 11
K20 K 31 13
K16 K 32 15
K14 K 40 9



1. Reconstructing historical population size

2. Demographic summary

3. Projections for decline

4. Data gaps

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 15



Looking forward: is this a crisis?
• Status quo projections suggested slight increase
• But high uncertainty (95% CIs for 2017 = 76 - 108)
• 2011-2012 workshops: 87 whales, 2017 = 76
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NOAA Technical Memorandum 
NMFS-NWFSC Series 
The Northwest Fisheries Science Center of NOAA’s 
National Marine Fisheries Service uses the NOAA Technical 
Memorandum NMFS-NWFSC series to issue scientific and 
technical publications.  Manuscripts have been peer reviewed 
and edited.  Documents published in this series can be cited 
in the scientific and technical literature. 
 
The Northwest Fisheries Science Center’s NOAA Technical 
Memorandum NMFS-NWFSC series continues the NMFS-
F/NWC series established in 1970 by the Northwest and 
Alaska Fisheries Science Center, which subsequently was 
divided into the Northwest Fisheries Science Center and the 
Alaska Fisheries Science Center.  The latter center uses the 
NOAA Technical Memorandum NMFS-AFSC series. 
 
Reference throughout this document to trade names does not 
imply endorsement by the National Marine Fisheries Service. 
 
 
 
Reference this document as follows: 
Ward, E.J., M.J. Ford, R.G. Kope, J.K.B. Ford, L.A. Velez-
Espino, C.K. Parken, L.W. LaVoy, M.B. Hanson, and K.C. 
Balcomb.  2013.  Estimating the impacts of Chinook salmon 
abundance and prey removal by ocean fishing on Southern 
Resident killer whale population dynamics.  U.S. Dept. 
Commer., NOAA Tech. Memo. NMFS-NWFSC-123. 
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quasi-extinction is that we can also assume it is proportional to other levels of quasi-extinction 
(10, 20, or 40 females), as well as actual extinction.  Because it is consistently non-zero, it is a 
more informative measure of risk compared to actual extinction (which occurs with a much 
lower frequency).  Given our definition of quasi-extinction, we can plot probabilities of recovery 
and metrics for quasi-extinction for our 30-year simulations on single plots as a function of 
Chinook salmon indices (Figure 22). 

As a more retrospective example of balancing growth and risk metrics, we calculated 
short-term annual growth rates against the probability of the SRKW population reaching quasi-
extinction.  Each of these quasi-extinction probabilities was estimated by projecting the SRKW 
population forward 30 years from the age structure in year t, then calculating the fraction of 
simulations that produced trajectories below this threshold.  For each year included in our 
analysis, we also calculated the short-term growth rate over the year before and after each 
census, 1 + log (N𝑡+1/ N𝑡)/2.  Plotting the relationship between risk and short-term growth 
(Figure 23) illustrates that, while growth rates were low in recent years, over the entire time 
series 1979–2010, the worst period for SRKWs was in the early 1980s.  During this period, the 
SRKW population was at low density, had a particularly skewed age and sex structure (as an 
immediate effect of the aquarium harvest (Bigg and Woman 1975), and as a result, the SRKW 
population had both a low expected growth rate and a relatively higher risk of extinction, 
compared to periods later in the time series (such as the late 1990s). 

 

 
Figure 16.  Observed and projected SRKW population size, years 1974–2040.  Results from the annual 

census are indicated with a circle and the thick solid line represents the projected median 
population size under the status quo level of 1.2 million Chinook salmon (with 95% posterior 
credible intervals in thin solid lines).  The thick dashed line represents the median SRKW 
population size under an increase of 20% to 1.44 million Chinook salmon (with 95% posterior 
credible intervals in thin dashed lines). 



Influence of new data on demography
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Changing population status

Have survival or fecundity rates changed since the last status review (or bilateral workshops)?

We can examine survival rates estimated using data through 2010, versus estimates using data through 2016.
For both instances, we can fit GAMs that include the e�ect of age (seperate splines by sex) and optionally a
spline term over time.

These calls to gam() are just
# Model using data through 2010

survival_01 = gam(alive ~ s(age,by=sex) +

s(time) + population, family = "binomial",

data = X[which(X$time1 <= 2010), ])

# Model using full dataset

survival_02 = gam(alive ~ s(age,by=sex) +

s(time) + population, family = "binomial",

data = X)
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Figure 1: Sensitivity analysis, showing how adding the six most recent years of data changes Southern
Resident Killer whale demographic rates. Models with time and age as predictors include smooth terms fit
independently over each predictor; models without time only include the age e�ect. These models illustrate
little change in survival rates, and a decline in fecundity rates. All fits are to animals born after 1970.
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No surviving calves produced in 2013, 2016, 2017



Population projected to decline, won’t meet 
recovery goals
• Rate depends on assumptions
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Sensitivity to assumptions about representative years

The above projections include uncertainty in vital rates, but use estimates from 2016 only. A single year may
not be representative, so we also ran scenarios that used survival and fecundity rates drawn from 2011-2016.
These scenarios use a 50:50 sex ratio, and do not dynamically update inbreeding for each individual.
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Figure 7: Comparison of using 2016 demographic rates for forecasts, versus using estimates from 2011-2016.

9

Source: Dec 2016 status review
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Data gaps: 
SRKW versus other spp of concern
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SRKW represent a declining
population of a species / ecotype that is 
doing really well

More fish-eating killer whales in NE 
Pacific now than since < 1972

For many species, threat(s) are clear,
can be prioritized. Less so for SRKW.



Data gaps: unanswerable questions?
• Are the fluctuations we’re seeing just chance?
• What are the reasons for individual deaths?
• Why are animals becoming pregnant but not producing live 

calves?
• If food limited, what prey is most limiting? Which stocks?
• Which season are the animals most nutritionally stressed?
• Which contaminants (if any) affect health, fecundity or survival?
• How does disease impact SRKW?
• Are any social behaviors, infanticide or other, affecting 

demographics?
• How is inbreeding impacting demographic rates?
• What (if anything) is causing the trend toward more male births?
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Conclusions
• Historical population size of SRKW has likely been 

small, at least to the early 20th century
• SRKW projected to continue decline because
• Fecundity appears to be slightly lower in the last 5-6 

years
• Small effective population size (~ 20-25), small 

number of successful breeding females
• Trend toward more male births

• Relative importance of risks unclear
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