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I’m going to provide a brief introduction to the main theme of our session today which is temperature effects on salmon in the freshwater stage of their lifecycle
Who’s speaking, general topics, community perscpectives piece



Alaskan salmon deaths blamed on record warm temperatures

Drought and dry 
conditions impacting 
salmon across state

Unprecedented heatwave 'kills thousands of fish' in Alaska
‘We’re seeing not just stressful temperatures for salmon, but 
lethal temperatures,’ experts say

Alaska’s Salmon Dying in Warm Rivers
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Things are changing, warm water temperatures this year, handful of headlines
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Alaskan salmonids have evolved and thrived under the historic Alaskan temperature regimes
Maximum daily temperature
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Not only freshwater, things are changing in the marine environment too, SST and departure from normal GOA Bering Sea



Species Need

Species Current 
Condition

Species Viability

• Life History
• Distribution
• Growth
• Survival
• Freshwater Production
• Ecological Relationship to 

water temperature 

Threats
• Increase in water 

temperature
• Increase streamflow
• Habitat fragmentation
• AIS

• Future Availability or 
condition Projections

• Connectivity
• Prioritization

Model Species Needs 
and Apply to Larger 
Geography – Multi-

Scale Occupancy 
Models

Model Past, Current, 
Future Scenarios

Land Management
• Project Review
• Mitigation/Conservation Measures for future impacts
• Species Status Assessments
• Conservation Easements

Fisheries Management
Understand change in subsistence, sportfish harvest

• Forecasts and escapement goals 
• Mortality from high/low water or high water temps
• Distribution changes, relative abundance changes

Collect baseline 
information
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**trying to understand species needs
Need to asses current condition and how it could change in future using modeling of temps/flows
Why water temperature is important? Affects all parts of salmon life cycle
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Overview of the salmon life cycle. I just wanted to orient you to the life cycle diagram I’ll be using.. Although temperature definitely affects adults in the marine environment I’ll be focusing on the freshwater stages for the rest of the talk and the temperatures I mention will be weekly averages of the daily maxima.

Water temperature plays a really important role in the salmon life cycle as I’m going to be discussing the next couple of slides. Fish are exothermic (e.g., physiologically controlled by ambient water temperature levels). As such, water temperature plays a role in all life stage needs, such as physiological 2 function (oxygen/carbon dioxide exchange, blood chemistry/pH, organ function, heart rate, egg and sperm viability), basic survival, food consumption, rearing location preference, ability to successfully spawn, spawning location preference, growth rates, stress factors, immune function, disease resistance, predator avoidance, etc. 



Stressor: 
Warm water temperature

Physiological Effects:
Reduced gamete viability

Disease
Reduced swimming performance

Behavioral Effects:
Migration delays

Presenter
Presentation Notes
I’m going to start by discussing temperature effects on spawning.
Temperatures warmer than optimal can physiologically cause reduced viability of eggs and sperm, even before deposition, increased infection rates of fish pathogens due to lower immune responses, and reduced swimming performance. These threats generally lead fish to avoid suboptimal temperatures by delaying migration as seen this year on many rivers around the state including in the matsu valley. Pre-spawn mortality is also an extreme effect of these physiological stressors at the spawner stage, as documented this year on the koyakuk. 
Vanessa
Spawners hold low in the river, waiting for cool, higher flow events to be one of the cues that triggers their migration upriver to spawn. 
Migration delays?
20 degrees celcius (68 degrees F) for migration- EPA criteria
Disease risk over 18 degrees celcius
Swimming performance- under 20 degrees (68 degrees F) C
Reduced viability of gametes- over 13 (55 degrees F) degrees C



Stressor: 
Warm water temperature

Physiological Effects:
Reduced egg viability

Late emergence

Presenter
Presentation Notes
After deposition, Temperature has a large effect on egg development
General rule is that it takes 100 degree days from egg deposition to emergence at optimal temperature of 5 degrees C (41 degrees F) At temperatures above 13 degrees C (55 degrees F), sharp declines in egg survival are observed.
If the incubation period is warmer, that can accelerate emergence. Some projections have estimated emergence occurring as early as fall or winter
Although we are talking about temperature, its impossible to ignore the strong relationship between temperature and flow and recent research in the cook inlet has suggested fall flooding, and as a result scour, has a strong negative relationship with production
CI Paper by Dan, Sue, Leslie and others.. Chinook production in CI negatively associated with fall flooding.
Reports of 
Temperature affects oxygenation of eggs



Stressor: 
Warm water temperature

Physiological Effects:
Suboptimal feeding
Suboptimal growth

Behavioral Effect:
Redistribution
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Small increases in temperature improve growth in the fry and parr phase, up to about 20 degrees C. Over that parr are bioenergetically inefficient which Ben Meyer will be talking about later in this session. It’s unclear if the temperature effects in this life phase are overall most important to smolt production, but this is phase most commonly studied for efficiency, cost, and because this is the first stages where the fish can modify their behaviors in response to intolerable temperatures, which ben rich and dan rinella will both be touching on later this session.



Stressor: 
Warm water temperature

Physiological Effect:
Impairment to smoltification

Behavioral Effect:
Changes to outmigration timing
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The smolting process is a series of physiological changes juvenile salmon undergo to get ready for life in the marine environment. Although a complex physiological process, warm temperatures have been documented to reverse smolting or inhibit smolting. Similar to the early emergence discussion, early our mistimed outmigration can lead to a mismatch between outmigration and a hospitable marine environment and hinder survival.



Summary

Stream temperature and discharge have profound influences 
on salmon and their habitats. As such, environmental conditions 
like warm temperatures and changes in flood frequencies have the 
potential to significantly alter the suitability of freshwater habitat 
for Alaskan salmon populations.
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Questions?
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