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Presenter
Presentation Notes
This presentation will focus on the environmental factors affecting Somass Sockeye as they return to their natal spawning grounds.
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 1. Freshwater Conditions Affecting 

   Migrant Sockeye  

• Temperature & Discharge 

 

› 2. Marine Conditions Affecting  
   Holding Sockeye 

• Temperature and Oxygen  

Outline 

Somass River - Neil de Boer  

Presenter
Presentation Notes
We will first look at freshwater factors, namely Temperature and Discharge – and their effects on Sockeye migration in the Somass watershedThen we’ll briefly touch on conditions in the Marine Environment, where temperature & oxygen levels can impact the fish if they must hold there.
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Presentation Notes
On average, about 750,000 Sockeye return each summer hoping to spawn in the Somass watershedVia the west coast of Vancouver Island, Barkley Sound and  the 40 km long fjord,   Alberni Inlet <click> The Somass watershed is located in the traditional territories of the Nuu-chah-nulth peoples<click>  At the head of the inlet sits Port Alberni, a busy pulp-and-paper mill-town…<click> famous also for its salmon fishing.<click> The economic value of commercial and recreational salmon fisheries alone ranges from $5-10 million dollars per year.<click>  Port Alberni, the Nuu-chah-nulth First Nations and surrounding communitiesare all to some degree dependent on the Somass River system for water, food, industry and recreation. 
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Presentation Notes
On average, about 750,000 Sockeye return each summer hoping to spawn in the Somass watershedVia the west coast of Vancouver Island, Barkley Sound and  the 40 km long fjord,   Alberni Inlet <click> The Somass watershed is located in the traditional territories of the Nuu-chah-nulth peoples<click>  At the head of the inlet sits Port Alberni, a busy pulp-and-paper mill-town…<click> famous also for its salmon fishing.<click> Worth up to $10 million dollars per year.<click>  The people of Port Alberni, First Nations and surrounding communitiesare all to some degree dependent on the Somass River system for water, food, industry and recreation. 
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Presenter
Presentation Notes
The Somass River drains two large lakes associated with Sockeye stocks: Great Central Lake (avg esc 200,000) via the 25 km Stamp River, and  the warmer, shallower Sproat Lake (avg esc 150,000), via the 3 km Sproat River tributary- These rivers join to form the ‘place of washing’ – aka the Somass, a slow-moving, meandering river emptying into Alberni Inlet.A few key locations in the watershed.   <click>Stamp River Flows have been regulated to a large extent by the dam built at the outlet of Great Central Lake in 1957, designed to maintain a minimum of 27 cubic meters per second downstream.There are two locations which have, historically, been a hydrological challenge -- even a barrier -- to salmon migration:<click> STAMP FALLS partway up the Stamp River on the way to Great Central Lake, and <click> SPROAT FALLS, in the river leading to Sproat Lake.These barriers were largely mitigated by instream fishways – now counter sites - which were completed in the 1950s.HOWEVER: climate change may be reducing their functionality somewhat.  [More on that a little later]Perhaps more important right NOW is the lower Somass River, which can present a thermal challenge to upstream migration during warm summersALSO - The Sproat River is 2-3 degrees warmer than the Somass, so everything I will say about warmingIn the Somass applies moreso in the Sproat.  Fortunately it is only 3 km, and Sockeye have beenKnown to move up the river at temperatures up to 23-24C.
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Presenter
Presentation Notes
The Somass River drains two large lakes associated with Sockeye stocks: Great Central Lake (avg esc 200,000) via the 25 km Stamp River, and  the warmer, shallower Sproat Lake (avg esc over 400,000), via the 3 km Sproat River tributary- These rivers join to form the ‘place of washing’ – aka the Somass, a slow-moving, meandering river emptying into Alberni Inlet.<click>    A few key locations in the watershed:The GCL dam built in 1957 regulates Stamp River flows, maintaining a minimum of 27 cubic meters per second.There are two locations which have, historically, been a hydrological challenge -- even a barrier -- to salmon migration:<click> STAMP FALLS in the Stamp River, and <click> SPROAT FALLS, in Sproat River.These barriers were largely mitigated by instream fishways – which were completed in the 1950s.HOWEVER: climate change may be reducing their functionality somewhat.  [More on that later]Perhaps more important NOW is the lower Somass River, which can present a thermal challenge to upstream migration during warm summers.



Regional Climate Change 

 
 REGIONAL CHANGES      1900 - 2000      2000 - 2100      
 Mean Air Temperatures*    0.8°C -1.1°C   1.4°C - 3.9°C 
  Summer Water Temperatures   0.5°C -1.5°C   1.3°C - 2.5°C 
  
 Snowpack*          0 - 10%    35% - 68%  
 Summer stream flows*    0 - 10%    10% - 20% 
   

 * Pacific Climate Impacts Consortium 

Alberni Inlet – Lorne Collicutt 

Summer Air Temperatures, 1920-2012, Somass Region 
 

Environment Canada 

Presenter
Presentation Notes
CLIMATE CHANGE in this region has been – and will be – characterized by fairly steady increases in mean air temperatures… Significant dip in mid-40s and mid-50s, but steady rise over the last few decades… with an increase in annual variation since the 1960s…This has led to:	milder, wetter winters and a shift from snowfall to rainfall, 	reduced snow-pack, and earlier snow-melt,       and warmer, drier summers. Consequently,Summer water temperatures have been on the rise -- Approximately 1 degree over the past century.And an anticipated increase of at least another 1 or 2 degrees over the NEXT 80 years.The implications for returning Salmon are warmer rivers and lower flows. 
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Sockeye “Temp-Oxy Rules” 

Sockeye mortalities - Sproat River - 2015  

Presenter
Presentation Notes
PRIMER on how water temperature and oxygen levels can affect Sockeye health and behaviour.Generally-speaking, conditions are optimal for ADULT migration atwater temperatures of ~10-15 degrees and oxygen levels above 6 ppm. (Of these two, temperature is the main factor in the Somass watershed; in Alberni Inlet, oxygen can also play a role.))Sockeye are increasingly stressed at higher temperatures and/or lower oxygen concentrations; and (under these conditions) are increasingly vulnerable to disease and parasites. Prolonged exposure to extremes can result in reduced reproductive success and ultimately death.Given that reproduction is the main purpose of the journey, most Sockeye stop migrating in significant numbers when river temperatures reach 19-21C, And, in the case of Somass Sockeye, hold in cooler marine waters till freshwater conditions improve. 
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Adult Sockeye River Entry in 1990 vs 2012 River Conditions & Migration 

Presenter
Presentation Notes
Daily escapement data clearly show that water temperature affects Somass sockeye behaviour, and, therefore, upstream migration patterns.In a GOOD year, like 2012, spring flows are abundant, and water temperatures (red line) are not a hindrance to upstream migrants (black line), which tend to be fairly tightly clustered, thus the majority of the run gets upstream before temperatures become excessive.If temperatures do exceed the 20° threshold, migration halts for a week or two, till some wet weather system breaks up the hot spell. Consequently, there is little impact on the run as a whole.  <Click>
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Adult Sockeye River Entry in 1990 vs 2012 River Conditions & Migration 

1990 Mortalities: 
~100,000 fish 
~$5 million  
(Stucchi et al. 1990).   

Presenter
Presentation Notes
Daily escapement data clearly show that water temperature affects Somass sockeye behaviour, and, therefore, upstream migration patterns.In a GOOD year, like 2012, spring water temperatures (red line) remain below the 20º threshold, and are not a hindrance to upstream migrants (black line), which tend to be fairly tightly clustered; thus the majority of the run gets upstream before temperatures become excessive.[ If temperatures do exceed the 20º threshold, migration halts for a week or two, till some ][ wet weather system breaks up the hot spell. ][ Consequently, there is little impact on the run as a whole.  ]<Click>   In warm years, like 1990, Somass water temps approach 18-20º much earlier, and can remain above the critical threshold for 4-5-6 weeks without a break. Migration is characterized by multiple delays, high incidence of enroute mortality, and late migration events, representing fish that likely had to hold in the marine environment anywhere from 2-6 weeks.1990 was a rough year:   Estimated losses (enroute or holding mortalities) were 100,000 fish, worth about $5 million dollars. Since 1990, there have been another six years where warm freshwater events have resulted in significant Sockeye pre-spawning mortalities, disease and loss of reproductive fitness. 
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JUL AUG SEP 

Adult Sockeye River Entry in 1990 vs 2012 River Conditions - Temperature 
Somass - Thermal Barrier Frequency – 20th Century  

(Days where Water Temp > 19C) 

DECADE 

# DAYS 

Presenter
Presentation Notes
[These are Averaged over the years of each decade – so some years will be worse, some better]
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Adult Sockeye River Entry in 1990 vs 2012 River Conditions - Temperature 
Somass - Thermal Barrier Frequency – 20th Century  

(Days where Water Temp > 19C) 

42 days / year  
(46%) 

Mean  
28 days / year 

(30%) 

DECADE 

# DAYS 

Presenter
Presentation Notes
SO:  A trend indicator of interest is the annual frequencythat daily mean water temperatures exceed thethermal barrier threshold  during Sockeye migration.  This chart shows the annual mean no. of days when temperatures exceeded the thresholdfor each decade of the last century.   [[by month]]One can see how relatively small changes in regional air temperatures of 1-2°have translated into a near-doubling of dateswhen Sockeye migrants were potentially blocked…<click>  This rose from ~30% of the 3-month migratory period – to about 46% over the last 4 decades……and peaked at about 50 days in the 1990s  i.e., over half of the migratory period
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Adult Sockeye River Entry in 1990 vs 2012 River – Future Temperature 

GCM EMISSIONS SCENARIOS 
 
RCP 4.5 – ‘moderate scenario’ – 
emissions decline after 2040 
 
RCP 8.5 – ‘business-as-usual’ scenario 
– emissions rise  throughout 21st century 
 
 
Ensemble means: 10 GCMs x 2 RCPs 
(Stiff, Hyatt & Cannon 2018) 

Somass – Thermal Barrier Frequency  
(#Days where Water Temp > 19C) 

 

38% 

>53% 

>65% 

68-83% 
# DAYS 

Presenter
Presentation Notes
Looking forwardRegional air temperatures are expected to rise another 1 - 3 degrees over future decades – according to downscaled Global Climate Model data.The associated rise in Somass water temperatures could result in another near-doubling of the annual frequency by the 2050s (relative to the reference period 1971-2000), as June (green) and September (yellow) warm up. <CLICK>
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Adult Sockeye River Entry in 1990 vs 2012 River – Future Temperature 

EMISSIONS SCENARIOS 
 
RCP 4.5 – ‘moderate scenario’ – 
emissions decline after 2040 
 
RCP 8.5 – ‘business-as-usual’ scenario 
– emissions rise  throughout 21st century 
 
 
Ensemble means: 10 GCMs x 2 RCPs  
(Stiff, Hyatt & Cannon 2018) 

Somass – Thermal Barrier Duration 
(Avg Length of Thermal Barrier Events, in Days) 

 

14 days 
20 days 

28-33 days 

30-50 days 
# DAYS 

Presenter
Presentation Notes
A related indicator -- the average DURATION of continuous Thermal Barrier dates -- could also double by the 2050s relative to the reference period…From an AVERAGE length of 2 weeks per year currently, to about 4-5 weeks per year, depending on emissions trajectory.Recall that 5-6 weeks of continuous thermal barrier in 1990 resulted in the loss of about 100,000 fish.This is like saying the year 1990 is going to be an ‘average year’ for Somass Sockeye by the 2050s.  Not a sustainable picture.
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River Conditions - Discharge 

Presenter
Presentation Notes
What about changes in flow levels in the Somass watershed…? Theoretically, both extreme high and extreme low flows can impact Sockeye migrants.  However, so far we are not seeing much overall impact of discharge on migration (yet). (in isolation from temperature effects)Certainly, floods due to heavy spring runoff do occur, but these tend to occur prior to Sockeye arrival, and dissipate quickly, and so appear to have little overall impact on migration patterns. But We’ll have to watch how spring floods evolve under CVC.
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River Conditions - Discharge 

Photos: Kevin Pellett 

Presenter
Presentation Notes
As for low flows, recent tag studies have shown that fish tend to take more time to navigate the fishways (especially Sproat) – though this is confounded by co-varying water temperatures.    Still, it is worthwhile looking at the trends…since summer flows are projected to keep dropping…<Go To Next Page>------------- <skip this stuff>#1 – As for low flows, generally speaking, we have NOT observed high daily migration activity at very low flows, (say) below the 10th %ile of flows at the counter sites. This may be due to several factors: Low flows generally occur later in the season, when fish abundance is low anyway.Low flows are correlated with high temperatures, so maybe the fish aren’t moving for that reason.#2 – Tag studies have shown that fish tend to take more time to access and navigate fishways at low flows (especially Sproat).Again, elevated water temperatures associated with low flows may be affecting fish behaviour and confounding the issue.Or there may actually be design issues with fishway entrances and chutes that only emerge at low flows.Multi-variate regression analyses most consistently retained Somass River water temperature in predictive models (explaining up to 96% of sockeye swim speeds, for example, and 22% of daily migration counts).  Whereas explained variance due to discharge was low, ~1%.This suggests that discharge alone is not a major factor in Somass Sockeye migration patterns.Still, if fish are hampered or swimming more slowly due to low flows in the fishways -- and thereby exposed longer to stressful temperatures -- it may be worthwhile looking at the trends.----------------------
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Presenter
Presentation Notes
These charts show the annual mean no. of days of low flows at fishwaysfor each decade of the last century.  [[again. by summer month.]]Top chart shows the unregulated Sproat River, bottom is the regulated Stamp River.You can see the benefits of the GCL Dam on minimizing low flow events for a couple decades after construction, till a few very warm dry summers in the 80s and 90s stressed the system. Recent decades show an increase in the frequency of extreme low flows at both fishways.Most low flows are in Aug & Sep, well after peak migration, so not a big issue.BUT - Note that the major increases in low-flow days in the warmer decades tend to show up in July (orange), i.e. during peak Sockeye migration. This may suggest that projected decreases in summer flows due to climate changemay add further stress during peak Sockeye migration periods at both these sites as time goes on.Construction of the GCL dam in the late 1950s effectively minimized low Stamp flows in the 60s and 70s, but the HIGHER VARIABILITY associated with some very warm dry summers in the 80s and 90s have evidently been taxing flow controls such that the frequency of low flow events are starting to resemble the pre-dam era.
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HOLDING ZONE 

SOMASS RIVER 

Somass River:  
Water temperatures >19-20C 
act as a “thermal barrier” to 
Sockeye migration. 
(Hyatt et al., 2015) 

Holding Zone:  
    

    Low mixing rates 
 + Pulp-mill effluents  
 = Poor marine water quality  
     (high temps, low oxygen)  

Presenter
Presentation Notes
So this brings us to the last two slides, regarding the fate of Sockeye in the Holding Zone.Water Quality can be poor at the head of the inlet due to strong stratification and low exchange rates between surface and sub-halocline waters – plus a decades-old legacy pulp-mill effluent mat on the bottom, which continues to consume oxygen at depth.Thus, fish may be sandwiched between high surface temperatures and low oxygen concentrations.  Trade-offs ensue.
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Alberni Inlet – “Temp-Oxy Squeeze” 
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Presenter
Presentation Notes
The GOOD NEWS is that there is significant Year-to-Year variability in conditions in the upper inlet – with some good years and some bad years. The BAD NEWS is that environmental conditions that lead to thermal barriers blocking freshwater migration tend to be associated with conditions that are ALSO detrimental to fish holding in the inlet.This schematic is a longitudinal cross-section of the head end of the inlet, from seaward on the left, to the river mouth on the right. Hydroacoustic surveys show that returning adult Sockeye are mostly surface-oriented, swimming at depths of 5-15 meters as they head up-inlet to the Somass. In a good year, like 1999, the volume of hiqh-quality water (< 12 degrees and > 4 ppm oxygen) is adequate for pooling fish. At that depth.In a challenging year, like 1998, surface waters are warmer, and poorly oxygenated sub-halocline waters rise in the water-column. The 4 ppm isopleth might sit at ~5 m (perhaps over-topping the 12º isotherm), effectively squeezing out optimum holding habitat.   We call this the “Temp-Oxy Squeeze”.In this situation, if blocked by high temperatures in the Somass for more than a couple weeks, the fish will choose to pool in deeper, cooler waters (evidently seeking the 9-10oC isotherm).  This appears to be an adaptive mechanism, likely to restrain gonad development while holding, and to reduce the onset of disease. Unfortunately prolonged exposure to reduced oxygen levels, high temperatures, and possibly sub-lethal pollutants (?) can result in a significant loss of fish, as was documented in 1990.This appears to be yet another climate-related impact compounding the stressors experienced by these Sockeye stocks. 
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Summary 

1. Somass water temperature >19-20ºC present thermal barriers to 
Sockeye migration in freshwater.  
 

2. Outlook: near-doubling of baseline (1971-2000) thermal barrier 
impacts by the 2050s due to climate change: 
 

• Average frequency up from 38% of migratory season to 70%. 
• Average duration of delays increase from 14 to 30 days. 

 
3. Low flow events will likely occur more frequently during peak Sockeye 

migration periods (added stressor). 
 

4. Temp/oxy conditions at the head of Alberni Inlet tend to provide poor 
holding conditions when upstream migration conditions are also poor. 
 

5. Sockeye holding in the marine environment prefer temperatures of 9-
10C, even if oxygen concentrations are detrimental (< 4 ppm).  

 

Presenter
Presentation Notes
Somass water temperature is the principal factor affecting upstream migration patterns, as temperatures >19-20 degrees curtail migration.We anticipate a near-doubling of baseline thermal barrier impacts by the 2050s due to CC, which may be unsustainable for the population.Extreme flow impacts are currently low, but low flow events are likely to increase due to CC.Challenging environmental conditions associated with delays in upstream migration tend to be also associated with poor holding conditions in the inlet.Sockeye tend to hold at preferred temperatures of 9-10 degrees, despite sub-optimal oxygen conditions.This holding pattern likely compounds the stresses on migrant Sockeye in warm years.



Project funding provided by NR-CAN and the DFO ACCASP program. 
 
Depth profile data for this analysis were largely sourced from 
ENVIRONMENT CANADA’S Environmental Effluent Monitoring Program c/o 
Catalyst Paper Corporation which collected weekly or bi-weekly CTD 
sampling of the head end of the inlet. EEMP (Catalyst Paper Corp) 1991-present 
(Janice Boyd (EC); Larry Cross (Catalyst;); Hatfield Consultants (maps). 
 
Other depth profile data were retrieved from various cruise reports and the 
DFO-IOS CTD database, and SAFE & South Coast StAD also teamed up 
to obtain depth profiles at other seaward locations from Stamp Narrows to 
Uchucklesit Inlet (2015). 
 
Alex Cannon (ECCC) and Trevor Murdock (PCIC) assisted in the 
projection of future air temperature conditions in the Somass 
watershed. 
 
Photos: Kevin Pellett; Andrew Campbell; Philip Pereboom; Neil de Boer; Lorne Collicutt 
 

Thank You 
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