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Background 
Climate change is one of the primary factors influencing salmon habitat conditions 
in the marine environment.  Climate change is increasing sea surface temperature, 
reducing salinity in coastal waters, and changing ocean chemistry with effects on 
ocean currents, species distributions, and community composition (Okey et al., 
2014). Pacific salmon inhabit the ocean for a large duration of their life cycle (1 – 5 
years) where they are impacted by these climate change effects. Some of these 
climate change effects are negatively associated with growth and survival of salmon 
during the marine phase; for example, warmer temperatures are associated with 
slower growth (Claiborne et al., 2021; Wells et al., 2007). Growth during the early 
marine phase is particularly important due to mortality bottlenecks during the first 
marine year (Beamish & Mahnken, 2001; Duffy & Beauchamp, 2011) and has been 
linked to survival of returning Chinook (Claiborne et al., 2021; Duffy & Beauchamp, 
2011), coho (Beamish et al., 2004), sockeye (Farley et al., 2007), and pink (Moss 
et al., 2005) salmon adults. Climate change effects impacting salmon growth may 
further threaten already declining salmon populations (Peterman & Dorner, 2012). 
Climate also influences salmon’s marine phase in the open ocean (Wells et al., 
2007), although this phase is understudied and generally less understood than the 
early marine phase. Overall, there is strong evidence linking climate to salmon 
survival, so it is important to understand, monitor, and communicate climate 
changes in the ocean when determining at-risk populations and developing effective 
management strategies. 

Shifts in physical and biological conditions in the marine environment can be 
summarized by tracking indicators, which are measurable attributes that can be 
quantified with available data and are sensitive to change. Indicators may also be 
attributes known to affect the survival or recruitment of a species of interest – in 
our case, salmon. Many studies examining the impact of climate on salmon growth 
and survival rely on climate indicators to quantify the inter-annual, seasonal, and 
sometimes spatial variability in climate. Studies that have included climate 
indicators, such as sea surface temperature (SST), in spawner-recruit analyses 
have determined lower salmon recruitment was associated with higher SST years 
(Chittenden et al., 2010; Hertz et al., 2016). Identifying and displaying relevant 
marine climate indicators can provide information on potential impacts to salmon 
populations and how they are changing with climate change (e.g., NOAA’s Ocean 
Ecosystem Indicators of Pacific Salmon Marine Survival). 

https://www.fisheries.noaa.gov/west-coast/science-data/ocean-ecosystem-indicators-pacific-salmon-marine-survival-northern
https://www.fisheries.noaa.gov/west-coast/science-data/ocean-ecosystem-indicators-pacific-salmon-marine-survival-northern
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Motivation 
The Pacific Salmon Foundation’s Salmon Watersheds Program has developed an 
online data visualization tool, the Pacific Salmon Explorer (www.salmonexplorer.ca), 
that provides access to the best publicly available data for salmon populations and 
their habitats in British Columbia. The Pacific Salmon Explorer displays information 
on a suite of both habitat and population indicators that represent broad-scale 
pressures on freshwater salmon habitats and provide an overview of the state of 
salmon populations, respectively. To date, habitat assessments in the Pacific 
Salmon Explorer have been focused on freshwater indicators. Given the importance 
of marine conditions to salmon survival (Chittenden et al., 2010; Claiborne et al., 
2021; Hertz et al., 2016), the Pacific Salmon Foundation is looking to incorporate 
marine climate indicators into the Pacific Salmon Explorer to better reflect the full 
suite of pressures salmon face across their life cycle. Climate change is currently 
one of the biggest threats to salmon, and indicators related to climate will be a 
focus in the Pacific Salmon Explorer moving forward.  

This report describes and provides evidence for several potential marine climate 
indicators and their associations with salmon survival. These indicators are 
categorized as large-scale climate indices, local physical indicators, and local 
biological indicators (Figure 1). Next, we describe specific quantifiable metrics and 
associated datasets for each marine climate indicator. Lastly, we conclude with our 
recommendations for metrics that have the potential to be incorporated into the 
Pacific Salmon Explorer. 

1.0 Marine Climate Indicators 

1.1 Large-scale climate indices 

Large-scale climate indices capture interannual or interdecadal atmospheric-oceanic 
climate fluctuations that drive local physical and biological marine conditions. In the 
North Pacific, the Pacific Decadal Oscillation (PDO) and El Niño Southern Oscillation 
(ENSO) are two common climate indices driving temperature and productivity in 
local environments. The PDO undergoes interdecadal fluctuations between a 
positive and negative phase, associated with warm and cool ocean temperatures, 
respectively. Similarly, ENSO fluctuates every 2-7 years between a positive (warm) 
and negative (cool) phase. The coincidence of positive deviations in both ENSO and 
PDO has been known to reflect even warmer conditions. Specifically, El Niño events 
(i.e., positive ENSO phases) are classified as periods of warmer conditions when 
temperatures are anomalously higher for at least five consecutive months (Peterson 
et al., 2014). In addition to PDO and ENSO, the North Pacific Gyre Oscillation 
(NPGO) is an index of interdecadal climate oscillation driven by atmospheric 
pressure changes in the North Pacific, linked to changes in sea surface height, 
temperature, salinity, and chlorophyll-a (Di Lorenzo et al., 2008). Due to these 
relationships between these large-scale climate indices and local physical and 

https://www.salmonexplorer.ca/#!/
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biological conditions, these climate indices can act as an overall summary of ocean 
temperature and productivity. 

Some evidence links these large-scale climate indices to salmon recruitment, 
productivity, and survival. In the 1900s, shifts in PDO explained shifts in sockeye 
and pink salmon production regimes in Alaska, but no link was evident for Chinook 
and coho salmon in southern Washington and Oregon populations (Mantua et al., 
1997). Alternatively, since the early 1980s, NPGO as opposed to PDO, explained 
Chinook and coho salmon survival rates for populations ranging from California to 
southern Alaska (Kilduff et al., 2015). Poor coho salmon survival has also coincided 
with strong and extended El Niño events (Rupp et al., 2012). Recent years from 
2014-2019 demonstrate a negative correlation between PDO and salmon 
production, as opposed to the previous 25 years which demonstrate a positive or 
neutral relationship (Litzow et al., 2020), suggesting a shift between salmon and 
these large-scale indices given climate changes. Overall, studies suggest 
contrasting links between large-scale climate indices and salmon survival. Stronger 
relationships have been established between salmon production and survival to 
local conditions, suggesting these local physical and biological indicators may be 
preferred indicators to consider relevant to salmon. 
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Figure 1. Conceptual diagram identifying marine climate indicators in three broad categories: large-scale indices, local physical indicators, and 
local biological indicators. Large-scale indices include PDO, ENSO, and NPGO. Local physical indicators include temperature, salinity, and 
upwelling. Local biological indicators include primary productivity, spring bloom timing, prey quantity / quality, competition, and predation. 
Directional causal relationships are identified by arrows linking the different indicators. 
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Due to the complexity of these large-scale climate indices, there is not consensus 
among model projections in how they might shift with climate change 
(Achuthavarier et a., 2017; Newman et al., 2016). Projections suggest the North 
Pacific Ocean will shift towards more negative PDO conditions in the 21st century, 
but other models suggest contrary results (Lapp et al., 2012). NPGO projections for 
2100 suggest a significant positive trend favouring coupling between NPGO and 
PDO, indicating stronger and prolonged marine heatwaves (Joh & Di Lorenzo, 
2017). El Niño events have also shifted over recent decades to become stronger 
and more frequent (Yeh et al., 2009). Based on relationships between El Niño 
events and salmon survival, we can assume these projected marine heatwaves and 
stronger El Niño events will negatively impact salmon survival (Rupp et al., 2012). 
Overall, evidence suggests climate change may shift these large-scale indices to 
negatively impacting salmon survival, but there is considerable uncertainty around 
whether past relationships will hold and in projections of indices. 

1.2 Local physical indicators 

Large-scale climate indices drive local physical conditions, which drive local 
biological conditions (Figure 1). The physical marine climate indicators relevant to 
salmon that we considered are temperature, salinity, and upwelling. Temperature 
and salinity define the density layers of the water column, determining the 
stratification or mixing of nutrients from deeper, cold, saline waters. Mixing 
promotes primary productivity, so if there are higher temperatures and lower 
salinities at the surface, there will be stronger stratification, less mixing, and 
decreased primary productivity (Mackas et al., 2007). Upwelling is the 
transportation of deeper, nutrient-rich water to the surface, driven by wind and 
current direction. Conversely, downwelling is the transportation of surface water to 
depth. The North Pacific Current bifurcates into the north-bound Alaskan Current 
and the south-bound California Current, and ranges in latitude from southern 
Alaska to Vancouver Island (Malick et al., 2017). Due to the Coriolis effect, the 
directionality of the California Current and Alaskan Current creates an upwelling and 
downwelling zone, respectively, in the spring and summer along their respective 
coasts. Temperature, salinity, and upwelling directly affect primary productivity, 
which influences food web dynamics through bottom-up effects. Additionally, 
temperature has been linked to zooplankton community composition and 
zooplankton bloom timing (Mackas et al., 2007). In particular, higher temperatures 
are linked to an increase in smaller zooplankton, gelatinous, and warmer-water 
species.  

These local physical indicators have been linked to salmon survival, with 
contradictory relationships at different latitudes. Specifically in southern regions, 
positive anomalies in sea surface temperature (SST; temperature in the top 1 m of 
the water column) during the first year at sea have been associated with reduced 
pink and Chinook salmon growth and survival (Claiborne et al., 2021; Wells et al., 
2007), possibly due to increased stratification impacting primary productivity or 
negative impacts on zooplankton communities (Mackas et al., 2007). Upwelling 
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regions, however, have been positively associated with Chinook, sockeye, pink, and 
chum salmon growth and subsequent survival, likely due to resulting increases in 
productivity providing more prey for salmon (Wells et al., 2007). Conversely, in 
northern regions such as Alaska, positive anomalies in SST have been positively 
associated with pink, sockeye, and chum survival rates (Mueter et al., 2002). One 
potential explanation for these different results is that different mechanisms are 
driving salmon productivity and survival in upwelling or downwelling regions (Malick 
et al., 2017). Alternatively, given the differing temperatures in northern (colder) 
and southern (warmer) ecosystems, overall positive anomalies in SST could be 
shifting the ecosystem towards or away from the optimal temperature of salmon, 
respectively (Mueter et al., 2002). 

In addition to identifying indicators that can be used to provide insights into salmon 
survival, it is important to predict how climate will be changing in the future, thus 
providing further insight into how salmon may become more vulnerable to climate 
change. Climate change projections from the Intergovernmental Panel on Climate 
Change suggest the average global temperature will likely increase by at least 1.5 

oC by 2100 (IPCC, 2014). Based on the contradictory relationship between SST and 
salmon growth and survival dependent on latitude, these climate change effects 
may have negative and positive impacts on salmon populations in southern and 
northern regions, respectively. Climate projections also suggest delayed and 
shorter upwelling seasons off the west coast of Vancouver Island (Foreman et al., 
2011), which would likely negatively impact salmon production due to decreased 
prey available. Alternatively, projections suggest an increase in the intensity of 
alongshore winds and therefore upwelling, which would positively impact salmon 
production. These SST and upwelling projections have direct impacts on primary 
productivity, food web dynamics, and therefore salmon populations. 

1.3 Local biological indicators 

Local biological indicators that we considered are primary productivity, spring bloom 
timing, prey quantity, prey quality, competition, and predation. A common proxy 
measure of the primary productivity in the marine environment is chlorophyll-a, a 
photosynthetic pigment used by marine phytoplankton. Due to bottom-up effects, 
chlorophyll-a provides an indirect metric of prey availability for salmon since 
zooplankton consume phytoplankton and are a primary source of prey for salmon. 
Therefore, chlorophyll-a and zooplankton biomass are potential metrics for these 
marine climate indicators that have demonstrated links to increased salmon growth 
and survival (Perry et al., 2021; Tomaro et al., 2012; Wells et al., 2007). 

Additional biological indicators, such as prey quality, show strong relationships to 
juvenile salmon growth and survival. Prey quality represents the variation in 
zooplankton lipid and essential fatty acid content based on zooplankton community 
composition, representing the nutritional value of salmon prey (Costalago et al., 
2020; Mackas et al., 2007). Zooplankton that are lipid-rich and contain higher 
essential fatty acid content promote salmon growth and physiological development, 
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so zooplankton metrics that provide this information are critical for determining 
juvenile salmon growth and survival (Paulsen, Clemmensen, & Malzahn, 2014; 
Sargent et al., 1995; Sheridan, 1994). Some relevant metrics include the biomass 
of good- vs. poor-quality zooplankton species, such as northern vs. southern 
copepods, respectively. Northern vs. southern copepod species is an index that can 
be used in upwelling regions off the west coast of Vancouver Island (Galbraith & 
Young, 2019; Peterson et al., 2014). Southern copepods are smaller, lipid-poor, 
‘warm’ water species transported northward from warmer waters, whereas northern 
copepods are larger, lipid-rich, ‘cold’ water species transported southward from 
cooler waters via the California Current, including the boreal and subarctic copepod 
communities. A distinction can also be made between lipid-poor gelatinous 
zooplankton, colloquially referred to as “squishies”, and lipid-rich crustacean 
zooplankton, or “crunchies” (Galbraith & Young, 2019). A crunchie:squishie index 
(CSIndex) is the ratio of these two plankton types and may be a useful metric of 
changes in prey quality through time. However, a caveat of the CSIndex is it does 
not differentiate between lipid-rich and lipid-poor “crunchies”, which is an important 
distinction. Therefore, northern vs. southern copepod biomass may be a more 
useful metric to consider, although CSIndex does provide more general prey quality 
information if detailed taxonomic data is unavailable. 

Further, although salmon generally consume zooplankton, there are differences in 
each salmon species’ preferred diet, with varying proportions of zooplankton and 
ichthyoplankton species, so creating species-specific diet groupings may be useful 
for defining prey quality metrics. Chinook and coho salmon are two species with a 
preference for small fish and fish larvae. Conversely, sockeye, pink, and chum 
salmon prefer larger zooplankton species such as euphausiids, calanoid copepods, 
amphipods, and fish larvae. Chum salmon are unique in that they also prey on 
gelatinous zooplankton species (James et al., 2019; Zahner et al., 2021). These 
species-specific prey quality metrics can provide more detailed information for 
individual species’ potential growth and survival. 

Spring bloom timing is another important indicator to determine the coincidence of 
juvenile salmon early marine residence with periods of peak prey abundance. 
Spring bloom timing and the biological spring transition (onset of the upwelling 
season) can be measured using chlorophyll-a and the presence of northern copepod 
species, respectively (Keister et al., 2011; Peterson et al., 2014). Bloom timing is 
driven by physical ocean conditions, which vary based on the marine environment. 
For example, in the Strait of Georgia (SOG) the spring bloom is driven by salinity, 
controlled by the freshet from the Fraser River, and mixing due to winds (Okey et 
al., 2014). Alternatively, the spring bloom in upwelling regions, such as the west 
coast of Vancouver Island, is driven by wind and current (Okey et al., 2014). The 
spring bloom provides food for zooplankton, so a match between spring bloom 
timing and zooplankton emergence is critical, as well as a match between 
zooplankton bloom timing and juvenile salmon outmigration and residence in 
coastal waters. This is evidenced by coho salmon smolt-to-adult survival being 
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greater when salmon were released during a period of high productivity compared 
to a mismatch (Chittenden et al., 2010). However, further evidence suggests 
latitudinal differences exist between spring bloom timing and salmon productivity. 
An earlier spring bloom was associated with higher and lower productivity in 
northern and southern pink salmon populations, respectively (Malick et al., 2015). 
This once again suggests different biological mechanisms in northern and southern 
regions based on the type of region (i.e., upwelling, downwelling).  

These biological indicators are shifting with climate change. Increasing 
temperatures have been hypothesized to influence zooplankton communities, 
reducing prey quality, including increasing the abundance of gelatinous 
zooplankton, and of smaller, lipid-poor, southern copepod species (Brodeur et al., 
2008; Mackas et al., 2001). This will negatively impact nutritional composition of 
prey available to salmon, which can impair growth and physiological developmental 
(Paulsen, Clemmensen, & Malzahn, 2014; Sargent et al., 1995; Sheridan, 1994). 
Additionally, climate change has distinct impacts based on region. In the SOG, 
changes in climate can shift spring bloom timing earlier, due to increased 
precipitation, storms, and an earlier freshet (Johannessen & Macdonald, 2009). 
Conversely, upwelling projections off the British Columbia coast suggest the onset 
of upwelling is becoming delayed, and the season is becoming shorter, indicating a 
later and shorter spring bloom (Foreman et al., 2011). These shifts in spring bloom 
timing may cause a potential mismatch between salmon and their prey, negatively 
impacting salmon survival. Additionally, zooplankton bloom timing is predicted to 
occur earlier in the SOG, due to increasing temperatures (Johannessen & 
Macdonald, 2009), and juvenile salmon outmigration timing has been proposed to 
shift with climate change as well, which can potentially lead to a mismatch between 
outmigration timing and prey availability. Cumulatively, these changes could lead to 
reduced salmon productivity and survival during their early marine phase, 
depending on the latitudinal range of salmon populations, ultimately impacting 
marine survival. 

2.0 Metrics and Datasets 

2.1 SST point data 

Time series SST point data have been downloaded from Department of the 
Fisheries and Oceans Canada (DFO). These are open data available from active, in-
active, and archived light stations along the BC coast. Monthly SST is available for 
the sites, with data from active stations updated quarterly. If thermal thresholds 
are identified for juvenile salmon in the marine environment, these could be applied 
to the light station data to provide a benchmark for good or poor ocean conditions. 

2.2 SST raster data 

SST raster data is collected by satellites and available from several sources (Table 
1). SST anomalies can be calculated using the historical average of data available, 

https://open.canada.ca/data/en/dataset/719955f2-bf8e-44f7-bc26-6bd623e82884
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and averaged annually, monthly, or seasonally (e.g., for April – November, the 
months of juvenile salmon early marine residence). Sentinel-3 data have a high 
spatial resolution, allowing a clear picture of inlets and fjords, whereas other 
satellite data sources only have data available down to 4 km spatial resolution 
(Table 1). This allows for a clear picture of the BC coast, but it loses the data from 
inlets and fjords. However, there is the possibility of interpolating 4 km data to 1 
km spatial resolution. On the other hand, Sentinel-3 is a shorter time series, 
whereas the other data sources have longer time series spanning greater than 10 
and 20 years. 

Table 1. Satellite data sources for sea surface temperature and chlorophyll-a. 

Satellite Data Pros Cons 
Sentinel-3 High spatial resolution (300 

m) 
Short time series (~6 years) 

NASA Aqua-MODIS Long time series (~20 
years) 

Mid spatial resolution (4 km) 

NOAA Long time series (~25 
years) 

Mid spatial resolution (4/5 
km) 

Copernicus Various data sources 
Includes high spatial 
resolution options 

Mid time series (2007-
present) 

ACRI Hermes Compiles multiple satellite 
sources, including Sentinel-
3 
Good data quality for BC 

Mid spatial resolution (4 km) 
Only includes chlorophyll-a 
data 

 

2.3 Chlorophyll-a annual anomalies 

Chlorophyll-a raster data are also collected by satellites, and available from various 
sources (Table 1). Annual anomalies can be calculated using the historical average 
of data available, for the months March – June, which captures the spring bloom 
duration. Similar to SST, the different data sources have pros and cons based on 
spatial and temporal resolution. However, another data source is listed as ACRI 
Hermes, which is a site that compiles multiple satellite sources, providing good data 
quality for BC. 

2.4 Spring bloom timing 

Spring bloom timing can be measured using chlorophyll-a satellite data to calculate 
the first week of the spring bloom (Table 1). Alternatively, zooplankton data can be 
used to identify the biological spring transition in upwelling regions using the arrival 
of northern copepod species. Their arrival marks the transition between copepod 
communities, which indicates the onset of upwelling (Table 3). 

https://sentinel.esa.int/web/sentinel/missions/sentinel-3
https://oceandata.sci.gsfc.nasa.gov/directdataaccess/
https://www.ncei.noaa.gov/erddap/griddap/ncdc_oisst_v2_avhrr_by_time_zlev_lat_lon.html
https://resources.marine.copernicus.eu/products
https://hermes.acri.fr/index.php?class=archive
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2.5 Zooplankton biomass annual anomalies 

Zooplankton abundance, biomass, and species composition data are available as 
point data from DFO tows in the Strait of Georgia and the west and north coast of 
Vancouver Island (Figure 2). Summary data from tows, separated into broad 
taxonomic groups, are publicly available for download. DFO has conducted marine 
surveys since 1980 at various stations in the SOG, west coast Vancouver Island, 
Queen Charlotte Strait, Queen Charlotte Sound, and Hecate Strait, although data 
have not been collected from Hecate Strait since the early 2000s. Vertical 
zooplankton tows are conducted at each station with approximately 230 µm bongo 
nets. Zooplankton are identified to species, with designated biomass data. From 
these data, total biomass can be calculated, and zooplankton can be grouped 
together to form ‘prey quality’ or taxonomic groups as needed. 

Total zooplankton biomass annual anomaly is a prey quantity metric for juvenile 
salmon (Table 2). Prey quality metrics include northern vs. southern copepod 
biomass annual anomalies, CSIndex biomass annual anomalies, and species-
specific biomass annual anomalies. The breakdown for each prey quality metric is 
summarized in Tables 3-5. All annual zooplankton anomalies can be calculated 
using the historical average of data available for months April – November, during 
the early marine residence of juvenile salmon. 

Table 2. Summary list of marine climate indicators, metrics, and impacts on salmon. 

Category Indicator Metric Projected 
impact of 
climate 
change 

Impact on 
salmon 

Data 

Local 
biological 
indicators 

Prey quality Crunchie: 
Squishie 
Index 

(CSIndex) 

Predicted to 
decrease with 

more 
gelatinous 

species 
dominate 

zooplankton 
communities 

Crunchies are 
generally 

considered 
higher quality 
prey for most 

salmon species, 
so decreases in 
CSIndex may 

negatively 
impact salmon  

DFO 
zooplankton 
tows (Figure 

2)  
BC data 

SOG data 

Northern 
copepod 
biomass 

Unknown Northern 
copepod species 

are higher 
quality, so years 

with higher 
northern 
copepod 

biomass may be 
positively 

associated with 
salmon survival 

https://open.canada.ca/data/en/dataset/2822c11d-6b6c-437e-ad65-85f584522adc
https://open.canada.ca/data/en/dataset/9447ecf8-a7f7-4904-8ab0-3c597c534c4b
https://open.canada.ca/data/en/dataset/9447ecf8-a7f7-4904-8ab0-3c597c534c4b
https://open.canada.ca/data/en/dataset/9447ecf8-a7f7-4904-8ab0-3c597c534c4b
https://open.canada.ca/data/en/dataset/2822c11d-6b6c-437e-ad65-85f584522adc
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Southern 
copepod 
biomass 

Unknown Southern 
copepod species 
are lower quality 
prey, so years 

with higher 
southern 
copepod 

biomass may be 
negatively 

associated with 
salmon survival 

Species-
specific diet 

biomass 
anomalies 
(sockeye, 

pink, chum, 
Chinook, 

coho) 

Predicted 
increase in 
gelatinous 

zooplankton, 
so juvenile 

chum salmon 
diet biomass 

anomalies will 
increase 

Other salmon 
species’ diet 

biomass 
anomalies will 

decrease 

Gelatinous prey 
is generally 
lower quality 

prey, so growth 
and survival of 
salmon would 
generally be 
negatively 
impacted 

However, chum 
salmon growth 
will likely be 

positively 
impacted, as 
chum diets 

consist of more 
gelatinous 

zooplankton 
Prey 

quantity 
Total 

zooplankton 
biomass 

anomalies 

Unknown Total 
zooplankton 
biomass is 
positively 

associated with 
juvenile salmon 

survival 
Primary 

productivity 
Chlorophyll-

a 
Unknown Chlorophyll-a is 

positively 
associated with 
juvenile salmon 

survival 

Satellite 
data (Table 

1) 

Spring 
bloom 
timing 

First week 
of spring 
bloom/ 

First week 
northern 
copepod 
presence 

Spring bloom 
timing will 

occur earlier in 
the SOG, but 
later on the 

west coast of 
Vancouver 

Island 

Potential 
mismatch of 

juvenile salmon 
early marine 
residence and 
spring bloom 

timing, causing a 
mismatch 

between juvenile 
salmon and prey 

availability 

Satellite 
data (Table 

1); 
DFO 

zooplankton 
tows (Figure 

2) 
BC data 

https://open.canada.ca/data/en/dataset/9447ecf8-a7f7-4904-8ab0-3c597c534c4b
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Local 
physical 

indicators 

Temperature SST 
anomalies 

More positive 
SST anomalies 

Negative 
impacts on 

salmon growth 
and survival 

Satellite 
data (Table 

1) 

SST SST 
temperatures 
will increase 

Negative 
impacts on 

salmon growth 
and survival 

DFO light 
station data 

 

 
Figure 2. DFO zooplankton stations in British Columbia across years (adapted from Pata et al., 2022). 

 

Table 2. Northern vs. southern copepod species classification (adapted from Boldt et al., 2019). 

Zooplankton 
Group 

Species 

Northern 
copepods 
(boreal 
shelf 
copepods) 

Calanus marshallae, Pseudocalanus mimus, Acartia longiremis 

Southern 
copepods 

Acartia danae, A. tonsa, Clausocalanus spp., Calocalanus spp., 
Ctenocalanus vanus, Eucalanus californicus, Mesocalanus 
tenuicornis, Paracalanus spp. 

 

https://open.canada.ca/data/en/dataset/719955f2-bf8e-44f7-bc26-6bd623e82884
https://open.canada.ca/data/en/dataset/719955f2-bf8e-44f7-bc26-6bd623e82884
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Table 3. CSIndex: Classification of "crunchie" and "squishie" broad taxonomic groups. 

Zooplankton 
Group 

Broad Taxonomic Groups 

Crunchie Amphipoda, Copepoda, Cirripedia, Cladocera, Cumacea, Anomura, 
Brachyura, Caridea, Pleocyemata, Euphausiacea, Isopoda, 
Mysida, Ostracoda 

Squishie Bryozoa, Polychaeta, Chaetognatha, Anthozoa, Hydromedusa, 
Siphonophora, Scyphozoa, Ctenophora, Echinodermata, 
Cephalopoda, Nemertea, Phronida, Pisces, Platyhelminthes, 
Sipuncula, Appendicularia, Thaliacea 

 

Table 4. Salmon species-specific diet classification. 

Salmon 
species 

Diet composition 

Chinook Larval fish, euphausiids, amphipods, larval decapods 
Coho Larval fish, euphausiids, amphipods 
Chum Gelatinous spp., larval fish, calanoid copepods, euphausiids, 

chaetognaths 
Pink Larval fish, decapod larvae, calanoid copepods, euphausiids, 

chaetognaths 
Sockeye Larval fish, euphausiids, calanoid copepods, cladoceran, barnacles, 

decapods 
 

3.0 Discussion 
Marine conditions are important drivers of salmon survival that are shifting with 
climate change. Climate change projections suggest future marine conditions may 
generally be unfavourable for salmon survival, though there is considerable 
uncertainty both in how biological conditions will shift and how salmon will respond. 
In this report, we reviewed marine climate indicators that may be useful for 
tracking and assessing the status of marine conditions relevant to salmon. We 
outlined several marine climate indicators and metrics under three broad 
categories: large-scale indices, local physical indicators, and local biological 
indicators. Below we provide recommendations on these marine climate indicators 
and metrics that would be the most useful to include in the Pacific Salmon Explorer. 

3.1 Recommendations 

Section 4 provides a detailed list and description of quantifiable metrics and 
associated datasets for recommended marine climate indicators. These 
recommended indicators exclude large-scale climate indices due to contrasting 
evidence of their impact to salmon populations. It is also uncertain how these large-
scale indices will change with climate, so it would be difficult to predict the response 
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of salmon populations. Lastly, since local physical and biological indicators provide 
more direct evidence and links to salmon populations, we recommend these as 
preferable marine climate indicators to incorporate into the Pacific Salmon Explorer. 

Regarding the local physical and biological indictors, there is some redundancy as 
multiple marine climate indicators represent the same biological mechanism. For 
example, upwelling and primary productivity (chlorophyll-a) are indicators and 
metrics for primary productivity. Since chlorophyll-a is a proxy of photosynthetic 
pigment representing the phytoplankton bloom, and therefore more directly 
represents primary productivity, this is suggested as a preferred marine climate 
indicator to incorporate into the Pacific Salmon Explorer. 

Many prey quality metrics are also recommended including northern and southern 
copepod biomass anomalies, the CSIndex, and species-specific diet biomass 
anomalies. Although these provide information for the same marine climate 
indicator, they provide different levels of detail dependent on species and region, so 
it is recommended to incorporate them all. However, a caveat of the CSIndex is it 
incorporates lipid-rich and lipid-poor zooplankton species as “crunchies”. This can 
potentially bias the results of the index to suggest prey quality is higher than what 
is available for salmon. For this reason, this index is not recommended to 
incorporate, unless data is unavailable describing detailed taxonomic groups and it 
is not possible to provide metrics for northern and southern copepod and species-
specific diet biomass anomalies. 

3.2 Next steps 

The recommended marine climate indicators will be quantified using the datasets 
outlined in this report. Additional work is required to acquire remotely sensed 
datasets at the appropriate spatial and temporal scales, for SST and chlorophyll-a 
metrics. Zooplankton data has been compiled, but analysis is required to create the 
metrics listed above. Lastly, the recommended marine climate indicators will be 
incorporated and visualized in the Pacific Salmon Explorer. 

3.3 Conclusion 

We have provided an overview of potential marine climate indicators and described 
quantifiable metrics and associated datasets for each marine climate indicator 
(Table 2). We also provide recommendations and rationales for the incorporation of 
potential marine climate indicators into the Pacific Salmon Explorer 
(www.salmonexplorer.ca). These marine climate indicators are valuable to 
incorporate into this online tool as they will help provide a full suite of pressures 
salmon face during their life cycle, in the context of climate change. 

https://www.salmonexplorer.ca/#!/
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