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Hello, my name is Ben Gray, and I am a fishery biologist with ADF&G’s Salmon Ocean Ecology Program.  

Today, I’m going to talk about what marine research projects have taught us about AYK Chinook and chum salmon and introduce you to our ongoing marine research projects.




Salmon Ocean Ecology Program (SOEP)
Who We Are:
• Initiated over 2 years ago
• Statewide Fisheries Scientist, AYK Marine Biologist, Statewide Fishery 

Biologist

What We Do:
• Understand the marine life of Alaskan salmon
• Use this information to assist fishery management and decision making
• Answer pressing questions about what drives salmon populations

How We Do It:
• Build capacity and collaborations
• Support marine research programs
• Work to fill knowledge gaps
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The Salmon Ocean Ecology Program was initiated over three years ago and consists of a statewide fisheries science, myself, and an AYK Marine Biologist.

The goals of this program are to understand the marine life of Alaskan salmon, use this information to assist fishery management and decision making and try to understand what is affecting salmon populations.

Because we are a small team and have lots that we hope to accomplish, we rely heavily on collaborations with federal agencies, universities, and non-profit organizations. We support marine research programs within the AYK region and around the state and seek internal and external funding to do this. And we use these marine research programs to further our knowledge of Alaskan salmon.



Chukchi Sea

Bering Sea

Gulf of Alaska

Juvenile salmon (1st summer at sea)

Immature and Maturing Chinook (2–4 years)

Immature and Maturing Chum (3–4 years)
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Before diving into the research, it helps to start with an understanding of the marine migration patterns for AYK Chinook and chum salmon. 

During their first summer at sea, what we call the juvenile stage (CLICK), salmon are in nearshore habitats of the Northern Bering Sea for Yukon and Norton Sound stocks (CLICK) and Southern Bering Sea for Kuskokwim and Bristol Bay stocks (CLICK).

(CLICK) All Western Alaskan Chinook salmon generally stay in the Bering Sea throughout their marine life over the next 2 to 4 years. They migrate between the central Bering Sea basin in the summer and southeastern Bering Sea in the winter.

(CLICK) Western Alaskan chum salmon migrate seasonally between the Gulf of Alaska and North Pacific Ocean and the Southeastern Bering Sea during the 3-4 years they remain in the ocean.

To date, marine research on Western Alaska Chinook and chum salmon has focused on Yukon River stocks. The focus on Yukon River stocks is the result of the large amount of data collected in-river along with 20 years of marine research survey data that has allowed us to learn a lot about Yukon River Chinook salmon populations. Recently, we have started to piece together similar information for chum salmon as I will show in the next few slides.
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Presenter Notes
Presentation Notes
To provide some perspective of Yukon River salmon stock status relative to history, this figure shows Yukon River Chinook salmon abundance in blue and chum salmon abundance in green from 1981- 2022. You’ll notice that there are no numbers on these figures and that is because I’d like to focus on the patterns of the trends rather than specific abundance number.

While historical abundances for both Yukon Chinook and chum have varied, recent patterns have been unlike anything we've seen before. 

(CLICK) For Chinook we've seen this chronic poor abundance for 10+ years, and in 2022 (CLICK) there was the poorest abundance ever observed. 

For chum salmon we started seeing record poor abundances in 2020 through 2022 (CLICK). 

While both Yukon stocks are in decline, the timing and nature of the decline has been different for these species.




• What is driving  
declines in 
Chinook and 
chum salmon?

• Are both species 
responding to 
similar factors?

• At what life stage 
is the problem 
occurring?
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So the questions we want the answer to are: what is driving these concurrent declines in Yukon River Chinook and chum salmon? Are both of these important salmon species responding to the same things? And at what life stage is the problem occurring?
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Northern Bering Sea Salmon and Ecosystem Survey
2002 - present

Presenter Notes
Presentation Notes
One of the biggest contributors to our knowledge of Yukon River salmon comes from the Northern Bering Sea survey that monitors juvenile salmon and the ecosystem they live in. This survey has been in operation since 2002 and is a collaborative project between NOAA and ADF&G, and we work together to understand what these data can tell us about the marine life of salmon.

The survey location is shown by the white box, which is the primary habitat for juvenile salmon from the Yukon River and Norton Sound. Juvenile salmon are salmon that have spent their first summer in the ocean. In the picture on tis slide, I am showing what a typical juvenile salmon from each of the 5 species looks like. Juvenile salmon are assessed in September, just before their first winter at sea.  

To date, most of the time and energy that has been spent using these data to understand the marine life of Chinook salmon since Chinook have had chronically poor abundance for some time. After 2020, with the unprecedented poor chum runs, we redirected research efforts to focus on juvenile chum salmon data.




Chinook salmon
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Presenter Notes
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Using the juvenile Chinook salmon catch from this survey, along with genetics, we can estimate the number of juvenile Yukon River Chinook salmon in the Northern Bering Sea, which are shown by the gray bars on this figure.  

The black line shows the average juvenile abundance across the time series. The blanks represent years when the survey didn't operate in 2008 and 2020. 

Again, rather than focus on specific numbers, I’d like you to notice the trends over time. Juvenile Yukon Chinook salmon abundance has been variable, with years both above and below average, but has been consistently below average for the last 5 years (CLICK). 
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What we see that’s really interesting is a very strong relationship between the abundance of juvenile Yukon River Chinook salmon, which is shown on the bottom axis here, and as a reminder these are fish that have just spent their first summer at sea, and the number of adults, shown on the y axis, that return in future years from those juveniles. 

When we see more juvenile Yukon Chinook salmon in our survey, we tend to see more adults return to the Yukon a few years later.

This relationship gives us two important pieces of information. 

First, it tells us that marine survival after we catch juvenile Chinook salmon in the survey is relatively stable across time. It also helps us pinpoint the life stages that are most important to determining the abundance of adult returns in future years. 





OCEAN

RIVER

Future run size of Yukon 
Chinook Salmon is 
determined very early in 
their life – before their first 
winter at sea

~3 months
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So what the relationship between juvenile and adult Yukon River Chinook salmon is telling us is that for Yukon Chinook salmon, the important period for determining the size of future run sizes is sometime before we catch the juveniles in September: so sometime between when we measure spawners on the spawning grounds and when we assess juveniles in September in their first year in the ocean. This means that either the freshwater life stage, the early marine life stage, or a combination of both are important for determining the strength of future run sizes. 

This means that later marine drivers of mortality, whether that be competition, predation, bycatch or other factors, are not substantially changing future run sizes of Yukon River Chinook salmon. However, while these factors may not influence the size of future runs, they still affect Chinook salmon and later I will talk about some of the projects SOEP is involved in to continue learning about these factors.
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Because of the strong relationship between juvenile and adult returns, we can use the number of juveniles in the ocean to predict how many adults will come back to the Yukon over the next 3 years. If marine survival after the juvenile stage was not stable, that means if survival was high one year but low the next, we would not be able to predict adult returns from the juvenile abundance.

On this figure the grey bars show the total Yukon River Chinook run abundance in each year, and the black dotted line and whiskers indicate our juvenile-based forecasted run sizes for these years. 

As you can see, the juvenile-based forecast does a pretty good job of predicting run size in most years, but we did not anticipate the record low run size that came back in 2022.
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From these surveys we can also get an index of juvenile chum abundance. This figure is showing an index of chum salmon stocks from the Upper Yukon River or fall chum stocks.

The gray bars show the abundance index for that year and the black line is the average across the time series.

There were no surveys in 2008 and 2020 which is why you don’t see bars there. 

We are currently using this information to develop juvenile-based forecasts for chum like I just showed for Chinook, but it is already clear that interpretation of chum data is far more complex.
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We know that a sudden and dramatic decline in chum salmon abundance was seen in adult runs from 2020 through 2022 (CLICK). The juvenile chum salmon (CLICK) that should have returned as adults in 2020 to 2022, were juveniles in 2016 through 2019 (CLICK). There is nothing in the abundance of these juvenile years that is alarming and would signal this very sharp decline. In fact, two of those four years were above average. But, there were other indicators that these fish were in incredibly poor condition, and unlikely to survive their first winter at sea.
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One of the metrics we look at for the condition of juvenile salmon at sea is how much energy they have stored in their bodies. Since we are sampling them right before their first winter at sea, they should have a lot of energy stored, usually in the form of fat, to keep them going through the winter when food is typically a little harder to come by. On this slide “ED” stands for energy density, a measure of how much energy they have stored up in their bodies. These are analyses conducted at NOAA’s Auke Bay lab.

This figure (CLICK) shows the amount of energy stored in juvenile chum salmon in relation to the sea surface temperatures these fish are experiencing, with values to the right indicating juveniles that experienced warmer temperatures (CLICK) and points higher on the figure showing more energy stored than those lower on the figure (CLICK). 

This trend between energy density shows that cooler temperatures result in less energy stored and energy storage increases as temperatures rise. However, after a certain temperature, it gets too warm for these fish to store energy and you can see that energy storage decreases rapidly at higher temperatures (CLICK).

With these stars I’m identifying those juvenile years that we are concerned about – the ones that should have returned in 2020 through 2022. While not all of the years are in the very poor energy storage range, in many of these years the temperature is too high. In 2019, we saw the least energy stored up by chum salmon in the 20-year history of monitoring these fish. When you see instances where a few years in a row show very poor condition in the juveniles, we expect that to have a big effect on a run year because multiple juvenile years contribute to any given adult run year.

Side note: ED values range from 21 – 23, SST range from just under 7 to 11.5 C.



2021
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NOAA’s Auke Bay Lab also conducts diet analyses for juvenile salmon. The poor condition of juvenile chum salmon in these years is also reflected in the amount of food they had in their stomachs. 

Lower points on this figure indicate stomachs with less food and points farther to the right indicate warmer temperatures. (CLICK) Again these stars are showing those juvenile years that should have returned as adults in 2020 through 2022. Not all years showed evidence of low food in their stomachs, but many of the years we are concerned about do cluster together where we saw very little food in their stomachs in those years.
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What best explains the exceptionally poor condition of juvenile chum salmon in these years is unprecedented ocean conditions. This map shows the temperature conditions that juvenile chum salmon from 2016-2019, the years that would have returned in 2020-2022, experienced during their first summer at sea. Anything in red is warmer than the long-term average. 

Notice that it is red everywhere. In normal years, the ocean would look mostly white on these maps. These weren’t just warm years, they were so unusually warm that NOAA declared 2016 through 2019 a major marine heatwave in the Bering Sea. Heatwaves occur when temperatures are exceptionally warm and last over a period of at least several days. You may have heard in the news about the “Blob” in the North Pacific Ocean. That heatwave occurred in 2014 through 2016 and again in 2019, so it overlapped in time with the Bering Sea marine heatwave. Two heatwaves at the same time is why this map is red everywhere.

Notice just how dark red the areas around coastal western Alaska are, these are areas where juvenile chum salmon spend their first summer at sea. These dark areas are 5 degrees Celsius (9 F) warmer than usual. Even among heatwaves, the one in the Bering sea was unprecedented in terms of sea surface temperatures. 

Consider that the juvenile chum – the ones that should have returned to rivers in 2020 through 2022, were experiencing this extraordinary heatwave during their first summer at sea (CLICK), and those that survived to winter were then hit with a heat wave in the North Pacific Ocean (CLICK). They just couldn’t escape it.



Temperature Changes Affect Salmon
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Stocks moving north

Different food available

Empty stomachs

Increasing ocean temperatures      = poorer condition 

Presenter Notes
Presentation Notes
Thanks to these marine surveys, we now know that when sea surface temperatures increase, we see changes in several aspects of salmon ecology and in the Bering Sea ecosystem. 

For example (CLICK), in warmer years, we see higher proportions of salmon and non-salmon species from the southern Bering Sea migrating into the northern Bering Sea.  This includes juvenile Chinook salmon stocks from Kuskokwim River and juvenile sockeye from Bristol Bay but also includes species like walleye pollock and cod.  

We also see changes in the prey items eaten by salmon (CLICK). For Chinook (CLICK), we tend to see more sand lance in warmer years and capelin in coolers years. Chum salmon (CLICK) shift their food from a diverse suite of high-quality food items to less diverse and much poorer quality food items

(CLICK) For both juvenile Chinook and chum salmon, we see a higher proportion of empty stomachs as temperatures increase.  Finally, (CLICK) both Chinook and chum salmon exhibit lower condition in very warm years. However, chum salmon condition declines much faster in warmer temperatures than Chinook condition does.

There is quite a lot of evidence that these marine heatwaves that occurred in the Bering Sea and North Pacific Ocean were completely unprecedented in size, magnitude and duration, and they had profound impacts on juvenile salmon and their ecosystem.  

But there are other impacts people are concerned about – like disease, competition, harvest, and predation - they might be less critical for driving this decline, but are legitimate concerns and also the focus of some of SOEP’s other new and ongoing research projects.
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2021
Juvenile & immature 

Chinook salmon

2022
Chinook salmon 
Pacific Herring

Walleye pollock (A0)
Walleye pollock (A1)

Capelin
Sand lance

Rainbow smelt

2023
Chinook salmon 
Pacific Herring

Walleye pollock
Capelin

Sand lance
Rainbow smelt
Chum salmon

2020

+ +

Marine Ichthyophonus sampling

Species in red denote those where Ichthyophonus infection was present

Presenter Notes
Presentation Notes
In 2020, Subsistence fishers near Rapids (middle Yukon River) reported high prevalence and severity of Ichthyophonus disease.

In 2021, we began to sample both juvenile and immature Chinook salmon caught on the Northern Bering Sea survey to assess for the prevalence of Ichthyophonus infection. This would help us figure out when and where Chinook salmon were getting infected.

From these sampled Chinook, we saw that none of the juvenile Chinook salmon were infected with Ichthyophonus, but we saw infections in immature Chinook salmon, those that had spent more than 1 year in the ocean.

Because we only saw infections in immature Chinook and not in the juveniles, this suggests that infection with Ichthyophonus is occurring in the later, offshore marine life stage. That is, they don’t have it when they leave the river and they don’t get infected in the first few months in the ocean.

In 2022, we expanded sampling to Chinook salmon prey species to determine the possible vectors for transmission. Age-1 walleye pollock and capelin were the only ones where infection was detected.

Results from the 2023 survey are not available yet but you can see that we can continued to sample prey items and also sampled chum salmon to see if they were infected as well. 

We are planning to continue sampling for Ichthyophonus during the Northern Bering Sea survey happening this August. 
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2022 Pan-Pacific Expedition
North Pacific Anadromous Fish Commission/International Year of the Salmon
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Presenter Notes
Presentation Notes
We observed changes to the health and condition of juvenile chum salmon – those right before their first winter at sea, but we also need to know what happens to these fish during the few years they spend in the ocean before returning to the river.

One of the only sources of information on the marine life of salmon in the winter is the International Year of the Salmon surveys in the Gulf of Alaska and North Pacific. These surveys occurred in 2019 and 2020 in the eastern Gulf of Alaska – shown by the light gray shaded area, with the large multi-vessel survey occurring in 2022 – those survey areas are outlined in white on this map.

The department is collaborating on a project (CLICK) that uses chum salmon samples collected during these winter surveys to assess potential competition between AYK Chum and other stocks/species in winter. We will analyze distribution, genetics, diet, and condition during the winter, which will help us evaluate competition between and among species. 




Chum Salmon: IA results

All Vessels, unscaled (n=566)
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How do predators impact the marine survival of 
Alaskan salmon?

Study of salmon shark movement, 
distribution and overlap with salmon 
stocks (Garcia et al. 2021)

Presenter Notes
Presentation Notes
One of our ongoing projects is trying to understand the role of predation during the marine life stage of salmon. 

This research has a few components, the first is a salmon shark satellite tagging program where we opportunistically tag sharks that are caught during salmon surveys. The tags, shown by the yellow arrows, provide location and depth information which we can use to assess when and where salmon sharks may overlap with salmon. We have tagged 8 salmon sharks to date, 5 of which are still actively transmitting data. 





• Use wound and scar 
evidence from high seas 
surveys to assess predation 
on Pacific salmon 
(Weitkamp & Garcia 2022)

• Environmental DNA 
(eDNA) collected during 
marine surveys
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How do predators impact the marine survival of 
Alaskan salmon?

Wound photo: Siwicke & Seitz 2018

Presenter Notes
Presentation Notes
Additionally, on our marine surveys we often encounter salmon with wounds or scars from predators. We’ve begun documenting and analyzing this evidence to provide insight into evidence of predation over time. Finally, predator species are generally not well captured with our marine survey gear. And, in the case of marine mammals, we specifically do not trawl when marine mammals are present in accordance with the Marine Mammal Protection Act. So, to develop some indication of presence and absence of various predator species in our survey areas, we’ve begun working with the NOAA Auke Bay lab geneticists to explore the use of environmental DNA or eDNA to assess predators. eDNA is an emerging technology that detects tiny amounts of DNA that animals naturally slough off from skin cells and other sources, by sampling the water in an area.

This predator research aims to understand not only salmon but other aspects of the ecosystem they are a part of.
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What is driving record poor Yukon River Chinook 
salmon runs?

Presenter Notes
Presentation Notes
A new project starting last summer in partnership (CLICK) with experts at NOAA, USGS and Yukon River Drainage Fisheries Association and funded by the North Pacific Research Board aims to understand how diet and nutrition in the ocean (CLICK) along with stress due to increasing temperatures (CLICK) and disease in river (CLICK) may be affecting Chinook salmon as they migrate to their spawning grounds upstream (CLICK) to lay their eggs. 

We believe that changes in Chinook marine diet may be causing female Chinook salmon to have lower nutrient levels at the start of their migration which means females may not have enough nutrients to reach their spawning grounds or to pass on to their eggs. Increased river temperatures and diseases like Ichthyophonus may cause further stress to an already long migration.

This project will continue this summer with preliminary results expected in early 2025.



23

How is SOEP engaging in efforts to reduce 
salmon bycatch?

• Provide data, technical support, and 
scientific advice to NMFS, bycatch 
task force, and Council staff

• Developing predictive tools which 
would allow fisheries to more actively 
avoid Chinook salmon hotspots and 
reduce their bycatch

• Develop chum salmon predictive  
tools that may be useful for limiting 
Western Alaska chum salmon bycatch

Presenter Notes
Presentation Notes
Salmon bycatch is an important issue to everyone present here today. 

The SOEP team provides data, support, and scientific advice to the regulatory bodies that manage the federal fisheries, like the ground fishery in the Bering Sea.

One of our ongoing projects is creating models that can predict where Chinook are likely to occur in the Bering Sea so that federal fisheries can actively avoid those areas and Chinook salmon bycatch can be reduced. One of the tools we are using to do this is by using satellite tags attached to Chinook salmon, like the one shown in the picture on the right, to see where Chinook go throughout the year and identify their habitat.
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Satellite tags will be deployed this summer off two surveys in the Bering Sea.
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Thank you!

ben.gray@alaska.gov

Follow us on Facebook:
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I’d like to thank you all for having me here today and would be happy to take any questions now if we have time or you can feel free to reach out to Katie, Sabrina, or myself.

mailto:Ben.gray@alaska.gov
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