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Scientists rarely have the information 
required to understand changes in abundance 
over more than a few decades, even for 
important species like Pacific salmon.  
 

 
Skeena sockeye commercial fishery (1915) 
 
 
We applied modern genetic tools to a unique 
collection of 100 year-old salmon scales to 
characterize changes in abundance of 
sockeye populations over a century spanning 
the onset of industrial fishing to the present. 
Fisheries scientists began collecting scales 
from sockeye caught in commercial fisheries 
on the Skeena River in 1912, and the annual 
collection program continued until 1948. 
 

 
Skeena sockeye scale collection 
 
 

Our results demonstrate that the total 
number of wild adult sockeye returning to 
the Skeena River in recent years is 75% 
lower than during historical times; 
production of sockeye from Babine Lake 
spawning channels has largely offset the 
long-term decline in wild fish. 
 
 

 
Sockeye abundance 1877-2018 
 
 
Across wild sockeye populations, our 
analyses reveal century-long declines of 
56% to 99%. These declines are far greater 
than those based on modern era abundance 
data, which suggested that only 7 of 13 
populations declined over the last five 
decades.  
 
Some headwater populations that averaged 
~40,000 sockeye annually during 1913-
1923, now average less than 1,000 fish 
spawning each year. 
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FIGURE 2. Oar and sail gill-net vessels fishing the Skeena River in 1915 (source: Prince Rupert City and Regional Archives, Museum of Northern British
Columbia, Wrathall Collection, JRW1421).

Salmon run, (4) CoHCh, the proportion of the total harvest rate
on the post–Sockeye Salmon fishery for Coho Salmon to which
the overlapping proportion of the Chum Salmon run (1−ChRS)
was vulnerable, and (5) CoHR, the harvest rate on Coho Salmon
during the post–Sockeye Salmon season Coho Salmon fishery.
Hence, the harvest rate on Chum Salmon was estimated as

ChHR = (ChRS · SHCh · SHR)+[(1−ChRS) ·CoHCh ·CoHR].
(1)

We followed the general approach of Gayeski et al. (2011) to
estimate the principal parameter of interest, the terminal Chum
Salmon run size (N), from the total catch and estimates of the
harvest rate applied to the total run. We employed a negative
binomial likelihood based on the gamma–Poisson parameteri-
zation (see the appendix for justification) and treated the total
commercial Chum Salmon catch (C) as a Poisson random vari-
able in which the Poisson rate parameter (λ) is drawn from an
underlying gamma distribution with a constant scale parameter
(β) equal to the underlying average harvest rate (ChHR) and
a shape parameter (α) equal to the total run from which the
catch was obtained, that is, C ∼ Poisson(λ); Bin λ ∼ gamma(N,
ChHR). Thus, we estimated the parameters of the negative bi-
nomial likelihood

P(C |λ, N , ChHR) = P(C |λ) · P(λ|N , ChHR), (2)

which is the joint probability of obtaining the catch C given
a Poisson distribution with rate parameter λ and obtaining λ

from a gamma distribution with parameters N and ChHR. In
this parameterization, the expected value of the gamma is α · β

(in this case, N · ChHR), which will also be the expected value
of λ. Since the expected value of a Poisson-distributed random
variable is also λ, the expected value of the Poisson-distributed
catch C will also be equal to λ, which will be the mean of
the negative binomial. But unlike the Poisson distribution, the
variance of the negative binomial will be greater than the mean
and equal to α · β · (1 + β). Thus, the variance of the catch
will be: N · ChHR · (1 + ChHR). In our situation, C (catch
data) is a constant and λ, ChHR, and N are the parameters to be
estimated.

There is little uncertainty in the estimation of λ, since the
coefficient of variation (CV = SD/mean) for large values of
λ (as is the case here) is very small (e.g., for λ = 200,000,
the SD will be √200,000 = 447, and CV = 447/200,000 =
0.00224). However, considerable uncertainty is involved in es-
timating N, ChHR, and each of the five independent parameters
in equation (1) (ChRS, SHCh, SHR, CoHR, and CoHCh), from
which the aggregate Chum Salmon harvest rate, ChHR, is de-
rived. We address these uncertainties by employing a Bayesian
approach, placing prior distributions on all unknown parame-
ters and using a Metropolis-within-Gibbs Markov chain–Monte
Carlo (MCMC) algorithm to sample the posterior distribution
equation (3) corresponding to the negative binomial likelihood
equation (2):

P(λ, N , ChHR|C) = P(λ|C) · P(N , ChHR7|λ). (3)

The Bayes estimate of the terminal run size was obtained us-
ing the Fortran shell program Metropolis-within-Gibbs (MTG)
written by the late Daniel Goodman (Environmental Statistics
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Comparisons of historical (1913-1923; 
blue) & recent (2007-2014; red) abundance 
 
 
We also tested four leading hypotheses to 
explain changes in population abundance 
observed. Specifically, we hypothesized that 
larger declines in abundance have occurred 
for populations that: (1) had larger body 
sizes because gill-nets catch larger-sized 
fish, (2) are from more degraded habitat 
because of lost carrying capacity, (3) had 
older ages because late-maturing 
populations tend to have lower productivity, 
and (4) had longer migrations because long-
distance migrants face more in-river 
fisheries and changing hydrologic patterns.  
 

 
 
Change in abundance in relation to each 
hypothesis (left) & model results (right).  
 
 

We found that fisheries selectivity of larger-
bodied populations was the most probable 
driver of differences in rates of decline 
among populations over the last century, 
though age-at-maturity and migration 
distance also were associated with declines. 
 
 
Why is this information important? 
Historical perspectives for exploited species 
like sockeye salmon are critical to 
understand the extent of decline in depressed 
populations; naturally, the better we 
understand the past, the more informed our 
decisions towards recovery will be. 
 
In the absence of this historical information, 
many Skeena River sockeye populations 
appear to be relatively healthy. However, 
commercial fishing and human impacts had 
occurred for more than 80 years before 
current baseline data had been acquired; 
most populations had already undergone 
large declines in abundance. 
 
Our historical perspective will help inform 
status evaluations and rebuilding plan 
discussions for depleted populations by 
expanding our understanding of their 
production potential.   
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