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Today I’m going to talk about a project which investigated how freshwater habitat and drivers may have influenced chinook salmon declines in the cook inlet region of AK. This project was a collaborations between UAA…
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Chinook populations in the CI have experienced periods of declines during the last decade and a prominent viewpoint is that salmon declines are the result of problems in the ocean. For this project we were focuses on ruling out whether the freshwater environment may have influenced declines in chinook productivity.
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As you all know, Alaska is warming at more than twice the rate of the global average which is contributing rapid changes in salmon habitats. 

Year to year variation in habitat diversity is ultimately driven by regional climate patterns, however, the process by which the landscape filters climate patterns results in diverse freshwater habitats across watersheds.

Our project was interested in How Chinook populations in southcentral Alaska have responded to climatic changes and how consistent are these responses among spawning populations




To estimate environmental
effects on
15 Chinook salmon
populations in Cook Inlet

What environmental
conditions did each
population experience in
each brood year?

How has the productivity
of each population changed
over time?

How were environmental
Indicators correlated with
salmon productivity?
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Regional Indicators
* River ice breakup timing
e Ocean conditions (NPGO)

o Little Susitna discharge gage

Watershed indicators (site-specific) i
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o Spatially-explicit climate data

o Summarized for each watershed
e Stream temperature
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 Modeled temperatures for
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For objective 1 we used regional and watershed-scale indicators of habitat quality. Regional indicators included…
The reason this is called a regional indicator is because the values are constant across all sites in our study. Because these data are not population specific we refer to these as regional indicators. Use of regional indicators is common to AK because typically watershed specific data is not available.

Conversely – watershed indicators are site-specific. One of the uniquenesses of this project was that because of the amazing efforts of Sue Mauger – we had watershed specific stream temperature data that could be used. These data were used in site-specific models to predict temperatures from 1980-2015.

These indicators were summarized for periods specific to life-history traits such as the summer growing period and fall spawning period.


Objective 1

Mean summer
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1980 - 2015
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I’m only going to highlight the most relevant findings from this project which would be of interest to the group here. So to investigate warming trends we modeled mean summer temperature across all sites and found that steepest trendlines and therefore fastest warming rates were for the Deshka and Alexander Rivers. In addition, you will also see that these two rivers had the warmest temperatures across sites.

Modeled mean summer stream temperatures (June–August) from 1980 to 2016 for 15 Chinook salmon streams in Cook Inlet. Blue lines are mean summer temperatures regressed against year. Slope values (blue line) indicate the rate of stream temperature increase per year.
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We were interested in whether maximum temperatures during the spawning period influenced productivity. This plot shows max temperatures across sites and years and you can see again that D and A have the highest temperatures during the fall spawning period. Red line represents 13°C threshold for protecting Chinook salmon fertilization through early embryonic and fry development. 


Objective 1

Average weekly stream
temperatures during
summer growing
period

June - August
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We were interested in whether average temperatures during the summer growing period influenced productivity. This plot shows max temperatures across sites and years and you can see again that D and A have the highest temperatures during the summer growing period. Red line represents 15°C threshold for optimal growth condition for Chinook salmon. 


Objective 1

Maximum monthly
precipitation totals for
spawning period

August - November
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Another important covariate that we included was maximum precipitation totals during the fall spawning period. High flows have the ability to impact spawning and egg mortality. Red line represents average values over the 1980-2010 time series. Black circles indicate years where the majority of streams had monthly total precipitation greater than one standard deviation from their long-term means
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Average monthly
precipitation totals for
growing period
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How has the productivity of each
population changed over time?

Deshka River

e Compiled ADF&G data

 Filled missing age data

e Estimated an index of brood
year productivity accounting

for density dependence:
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T

2003-2007
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The run reconstructions accounted for salmon harvested in the sport, personal-use, subsistence, and educational fisheries conducted in freshwater, as well as the largest commercial fishery in Cook Inlet in terms of Chinook salmon harvest. 

Gaps in the age composition data for Chinook salmon in the escapement and harvest were estimated using a statistical model fit to empirical data. 


Objective 2

13 of 15
populations
experienced their
lowest productivity
during 2003-2007
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Index of Chinook salmon population productivity (natural log of core-age recruits per spawner) by brood year. Dotted lines at zero represent the long-term mean productivity levels of each population. 

Escapement declined during the early 1990s for many populations and during the mid-2000s for all populations 

Thirteen of fifteen populations exhibited their single lowest productivity level during 2003-2007 (shaded vertical bands).



How were environmental conditions
correlated with salmon productivity?

Hierarchical Bayesian stock-recruit model
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Yellow dots describe the median estimated effect of each covariate on the productivity of each population, while the thick and thin blue lines describe the uncertainty (50% and 95% credible intervals, respectively) in estimated effect sizes. Red lines centered at zero represent null effects on productivity. 



Regional Effects

Objective 3
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Population productivity was consistently reduced when precipitation was above average during the spawning and early incubation life stage. Stream temperature and ocean conditions had variable but locally important effects on populations. Cumulative effects of adverse conditions at the watershed scale likely contributed to recent declines.

NPGO physical and biological ocean conditions


Population-Specific Effects
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The NPGO showed a relatively strong regional effect, yet population-specific effects were highly variable, in accordance with prior studies 

Overall highest NPGO values were actually associated with above-average productivity

Scouring sedimentation and reduced oxygen levels
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Relationships between population productivity, maximum weekly temperature during spawning and early incubation (maxT_spawn), and mean weekly temperature during juvenile rearing (avgT_rear).

The two coolest (Chulitna, blue; Little Susitna, cyan) and two warmest (Deshka, red; Alexander, orange) study sites are highlighted.

productivity declining sharply when maximum weekly temperatures exceeded ~18˚C during spawning/incubation and ~15˚C during rearing



Conclusions

e Heavy fall rains strongly
associated with reduced
Chinook salmon productivity

o Cumulative effects: A perfect storm of heavy fall rains,
high escapement, and high temperatures during 2003-
2007 led to low returns during 2008-2012



Caveats
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Stock recruitment model error differed substantially among populations (SI Figures S11). Alexander Creek had the greatest model error, suggesting that our models were missing important drivers of productivity for this population. 
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Model fit differed substantially among populations (SI Figures S11). Alexander Creek had the greatest model error, suggesting that our models were missing important drivers of productivity for this population. 
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Model fit differed substantially among populations (SI Figures S11). Alexander Creek had the greatest model error, suggesting that our models were missing important drivers of productivity for this population. 
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Importance of
coordinating habitat
and population
monitoring

To detect freshwater effects on
salmon productivity, we need
watershed-specific physical
habitat data
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