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Global climate change is the overarching driver of Canadian Pacific salmon trends (Grant et al. 2019).  
Average land-ocean temperature has risen by 1°C over the last century (IPCC 2018), and the last six years were the 
warmest on record (Fig. 1; NOAA 2020).  This trend is accelerating, emphasizing the need to dramatically reduce 
greenhouse gas emissions globally (IPCC 2014; White et al. 2016; Holsman et al. 2018; Bush and Lemmen 2019).  

 
Fig. 1.  Global annual mean 
temperature difference from pre-
industrial conditions (1850–1900).  
Canada’s temperature increases are 
double this global rate of warming, 
typical of countries occupying 
northern latitudes.  Source: Met Office 
Hadley Centre and the Climatic 
Research Unit at the University of 
East Anglia, UK (HadCRU) presented 
in World Meteorological 
Organization, 2020.  WMO Statement 
on the State of Global Climate Change 
in 2019 (WMO-No. 1248), Fig. 1, 
Page 6). 
 

Pacific salmon productivity and growth are impacted by global climate warming through changes in their 
freshwater and marine environments (Holsman et al. 2018; IPBES 2018; Bush and Lemmen 2019; Grant et al. 2019; 
Boldt et al. 2020).  Other factors that contribute to salmon trends like habitat changes, disease, contaminants, 
hatcheries and fisheries are embedded within this global climate change context. 

Rising air temperatures are warming freshwater ecosystems where salmon spend the first part of their lives 
incubating as eggs in their spawning gravel, and rearing as juveniles for up to two years.  In British Columbia (BC), 
spring and summer months were notably warmer than average from 2016 to 2019, with the exception of summer 
2019, which was more variable (PCIC 2019).  Air temperature anomalies have been even greater in the Yukon than 
BC, due to its more northern location (Fig. 2; Bush and Lemmen 2019). 

Increasing temperatures are compounded by heat waves, which are expected to become more frequent and 
longer lasting (IPCC 2014).  In BC in June 2021, an unprecedented heat wave set all time high air temperature 
records in multiple locations across the province, and broke the highest temperature ever recorded in Canada by 
greater than 1°C on two consecutive days (Environment & Climate Change Canada 2021).  

Warming temperatures in spring months contribute to earlier onset of snowmelt. In 2016, 2018, and 2019, 
early snowmelt in most regions of BC resulted in below-average snowpacks by the second week of May, which in 
2016 set record lows relative to the ~30-year time series.  In 2017, the onset of snowmelt began several weeks later 
than normal, though extreme hot temperatures led to rapid snow melt in the second half of May.  By June 2017, 
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snowpacks were anomalously low in northern latitudes.  Early loss of snowpack reduces the cool water inputs into 
rivers and lakes from snowmelt in warmer summer months. 

 
Fig. 2.  Canadian gridded temperature and precipitation anomalies (CANGRD) from the Government of Canada: https://climate-
change.canada.ca/climate-data/#/historical-gridded-data.  Temperatures from 2016 to 2018 coincide with the freshwater residence 
period of 2021 salmon returns with the exception of pinks that also used freshwater habitats in 2019.  These data are interpolated 
from adjusted and homogenized climate station data at a 50 km resolution.  Anomalies represent the departure from a mean 
reference period (1961–1990).  Temperature anomalies are expressed as degree Celsius (°C).  

 
Correspondingly, river temperatures in a number of systems have been warmer.  For example, summer river 

temperatures have increasingly exceeded the optimal temperature ranges of some salmon populations, particularly 
adult sockeye that migrated to their upstream spawning grounds in the Fraser watershed from 2016–2018 (DFO 
2021).  River temperatures above 18°C can result in decreased adult salmon swimming performance, and above 
20°C can increase adult mortality, adult disease, egg viability, and legacy effects that have negative impacts on 
juvenile condition (Tierney et al. 2009; Burt et al. 2011; Eliason et al. 2011; Sopinka et al. 2016).  

High in-river spawning and incubation temperatures can have population-specific negative effects on 
fertilization success and embryo survival, affect timing of hatch (Whitney et al. 2014), emergence (Macdonald et al. 
1998), and reduce swimming endurance and impair swimming behavior of fry (Burt et al. 2012).  For juveniles that 
rear in freshwater, warmer temperatures can improve juvenile growth rates when prey are not limiting (Brett 1971, 
Edmundson and Mazumder 2001), and also increase the length of the growing season in some areas (Schindler et al. 
2005).  The specific freshwater conditions each salmon population is exposed to will vary by system; however, as 
temperatures continue to increase, the net effect on salmon populations is expected to be negative (Crozier et al. 
2019, 2021). 

In addition to rising temperatures, global climate change affects patterns in precipitation.  Record summer 
droughts have affected BC in recent years, including 2015, 2017, and 2018.  The most significant of these occurred 
in 2017, during which records were set for the driest season, with almost no rain falling in southern BC from June to 
late October.  In 2018, BC experienced extensive dry conditions from July to November due to a lack of 
precipitation during this period, and an early spring heatwave that depleted snowpacks early.  In 2019, a spring 
heatwave created dry conditions across the province, and drove down streamflows.  Heavy rains in July relieved the 
drought, and by October most of the province had returned to normal.  Increasing frequency of drought in recent 
years has lowered river flows, potentially blocking access to spawning habitat, stranding salmon, and increasing 
their exposure to predators. 

Profound changes are also occurring in the marine ecosystems, where Canadian Pacific Salmon spend the 
latter parts of their lives rearing as juveniles for one or more years before they return to freshwater to spawn.  Water 
temperatures have been warmer than average in the Northeast Pacific Ocean in recent decades, and were unusually 
warm from 2014–2020 (Fig. 3; Boldt et al. 2020).  Marine temperature records were set throughout this period 
(Leising and Bograd 2021).  Most concerning is that oceans are not just warming in surface waters but throughout 
the water column.  Even if air temperatures were stabilized within this century through significant reductions in 
greenhouse gas emissions, the ocean will continue to warm (Cheng et al. 2020). 

The notable warm Blob heat wave in the Northeast Pacific Ocean was present from the latter half of 2013 to 
the fall of 2016 (Bond et al. 2015), occurring prior to the ocean entry of most of the salmon that will return in 2021.  
This marine heat wave was characterized by sea-surface-temperatures (SST) that were 3–5°C above seasonal 
averages and extended down to depths of 100 m (Bond et al. 2015).  A strong El Niño event occurred in late 2015 to 
early 2016 (Ross 2017), further increasing temperatures to the hottest observed throughout the 137-year time-series 
(Chandler et al. 2017).  

 



Grant et al.                                                                                                                                                          NPAFC Technical Report No. 17 

 

 

 3 
 

 
Fig. 3.  Annual average sea-surface-temperature anomalies from Fisheries & Oceans Canada lighthouse stations: 
https://www.dfo-mpo.gc.ca/science/data-donnees/lightstations-phares/index-eng.html.  The 2018 and 2019 temperatures at the 
end of the time series coincide with the marine residence period of some sockeye, chum and Chinook salmon returning in 2021. 
Note there are gaps in the 2019 data points for these sites.  Anomalies represent the departure from a mean reference period 
(1961–1990). Temperature anomalies are expressed as degree Celsius (°C).  

 
There was a return to near-average temperatures in 2017 and 2018, likely due to the cooling effect of the La 

Niña that persisted until the second half of 2018 (Ross and Robert 2018, 2019).  In 2017, warmer than normal 
temperatures persisted below 100 m, then returned near normal in 2018.  New heatwaves were observed in the late 
summer and fall of 2018 through 2020 (Hannah et al. 2019; Ross and Robert 2020; Leising and Bograd 2021).  The 
2019 MHW was the third largest and longest on record, and warmer than normal subsurface temperatures were 
observed once more at about 100m.  The 2020 marine heatwave formed in May 2020 and peaked in size in 
September 2020 as the second largest MHW recorded since 1982 (Leising and Bograd 2021).  This MHW fell below 
the size requirements of MHW classification in early April 2021; however, in late April another large MHW began 
to form and is continuing to expand as of July 2021 (Leising and Bograd 2021).  

Warm ocean temperatures may be harmful to salmon through their effect on zooplankton community 
composition, near the base of the salmon food web (Mackas et al. 2007).  In warm Blob years in the Northeast 
Pacific Ocean, zooplankton communities shifted towards a greater abundance of smaller lipid-poor southern 
copepod species.  These species are considered less nutritious for animals feeding on them. Concurrently during this 
period, there was a decrease in larger, more nutritious, lipid-rich zooplankton species (Mackas et al. 2007; Young et 
al. 2018; Galbraith and Young 2020). 

 

 
Fig. 4.  Commercial, recreational and Indigenous subsistence catch of Canadian pink, chum, sockeye, coho and 
Chinook Salmon (Grant et al. 2019; NPAFC statitics: https://npafc.org/statistics/).  Average catch from 1925–
1993 was 24.2 million, and from 1994–2017 was 11.6 million.  Returns in the last two years were extremely low 
at 1.9 million in 2019 and 3.1 million in 2020. 

 
Salmon productivity and abundances are generally declining in response to these large changes in their 

ecosystems.  Catch for all five Fisheries & Oceans Canada managed Pacific Salmon species has declined in the past 
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decade (Fig. 4; Grant et al. 2019; NPAFC statistics: https://npafc.org/statistics/).  This is due to both declines in 
target salmon population abundances, and constraints placed on mixed-stock fisheries to protect co-migrating 
salmon populations in poor status.  Catch has dropped from an average of 24 million between 1927 and 1993, down 
to 12 million in recent decades.  The last six years, catch averaged 4 million, and was particularly low in 2019 and 
2020 at 1.9 million and 3.1 million, respectively (Fig. 4). 

Despite large reductions in catch, numbers of fish reaching the spawning grounds have continued to generally 
decline for many Canadian Pacific Salmon populations.  Though there are exceptions among all species, where 
particular populations are not exhibiting declining trends. 

Total escapements of Chinook in 2019 and 2020 were poor, which continued the recent trend of generally low 
abundances (Grant et al. 2019).  There are some exceptions to these trends, particularly for populations on the east 
coast of Vancouver Island.  Chinook have generally been declining throughout their range from Oregon up to 
Alaska (Sharma et al. 2013; Kilduff et al. 2014; Dorner et al. 2018).  They are not just declining in abundances, but 
are also returning at younger ages and smaller sizes, and are producing fewer eggs-per-female (Ohlberger 2013; 
Ohlberger et al. 2018; Xu et al. 2020). A number of these populations are facing an imminent threat of extinction 
(COSEWIC 2020). 

Sockeye returns in 2019 and 2020 were also poor, continuing the low abundance trends observed for this 
species in recent years, particularly in central to southern latitudes of BC (Grant et al. 2019; Hyatt et al. 2021). 
Fraser River sockeye returns reached record low numbers in 2019 of 486,000, and hit a new record low again in 
2020 of 292,000; compared to a long term average of 7.2 million returns (1950–2020).  A number of these 
populations are facing an imminent threat of extinction (COSEWIC 2017).  Populations in the Taku River of the 
Northern BC-Alaska transboundary region were exceptions to the sockeye trend in 2020.  

Coho marine survival remained low relative to the 1980s. Returns in 2019 and 2020 were generally below 
average, though there were some populations that had returns that were closer to average.  Several new 
survival/escapement coho indicators are in development, including for Cowichan and Sakinaw. 

Pink salmon returns in 2020 were mixed but generally better than other species.  Chum salmon generally 
exhibited poor returns in 2019 and 2020, in contrast with their recent positive trend for most populations (Grant et 
al. 2019). 
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