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Management Goals

» Healthy Aquatic Ecosystems and Sustainable
Fish Populations

» Diverse Fishing Opportunities

» Strategically Focused Assessment and
Decision Support Tools S s
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What are our management goals? These key goals align with our Fish Division Strategic Plan. 
We strive for Healthy Aquatic Ecosystems and Sustainable Fish Populations
Some objectives under this goal are to:
Enhance natural reproduction of fish including steelhead through habitat protection and connectivity
Develop and maintain diverse fisheries and fish populations
Steelhead add to the diversity of each of the Great Lakes 
Provide Diverse Fishing Opportunities
Steelhead provide not only open water, pier, and beach opportunities but also provide great river fisheries throughout most of the year. 
We stock rivers throughout the state to provide this catch and harvest opportunity for steelhead
Focused Assessment and Decision Support Tools
We have on-going assessments on each of the Great Lakes, at weirs, and through creel surveys.
The R.V. Steelhead (pictured here) is our primary assessment vessel for Lake Michigan. It is used to evaluate forage or bait fish throughout the lake.  We are proud that it is named after a great sport fish. 
We have lake-wide data and models that help us evaluate trends of steelhead through time



Michigan Steelhead Major Points

» Active assessment and research for over 50 years

» Robust and improved steelhead stocking

» Constituent engagement for decades

» Declining catch rates related to lower lake productivity and high-
water trends

» Voluntary catch and release ethic strong in Michigan

» Steelhead populations in Michigan and Great Lakes are not in need
of immediate action
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Here are some major points that we want to get across for steelhead.
We have been tracking them for over 50 years. A lot of assessment and research on steelhead has been done.  We evaluate trends and biological data throughout the Great Lakes to assess the health of fish populations. If and when there are issues with any species, we will be proactive to address those issues. Over the years we have built a robust and improved steelhead stocking program that produces large and healthy fish. We have engaged regularly with constituents through citizen advisory groups, attending organizational meetings, and holding various workshops with anglers. We recognize that steelhead numbers are down along with other species like chinook salmon and whitefish and believe that lake conditions may be contributing to that through lower productivity and high water (coming off 5 wettest years on record). 

Our creel data show that more and more anglers are voluntarily practicing catch and release ethics. We not only see this with trout and steelhead anglers but also with bass anglers. 

It is our professional opinion that steelhead populations are in immediate need of protection at this time. I work with the other states around Lake Michigan, and we meet monthly on various fisheries topics. Our main discussions regarding steelhead are to maintain them as part of a diverse fishery. We agreed to the mass marking of steelhead to learn about how stocked fish contribute to the fishery.  We (WI, IL, IN and MI) are not proposing immediate management adjustments at this time.  


Steelhead Management and Research
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We will briefly cover historic and current stocking levels; We will review our public engagement process and steelhead regulations (history of regs, current regs, Angler expectations, and what other states are doing with regs); we will evaluate weir and creel data to get a sense of returns, angler effort, angler harvest behavior; we will discuss the importance of habitat for natural reproduction.

In the research section, we will briefly look at stocking and strain evaluations; origin of stocked and wild steelhead; feeding in streams; influence of landscape or watershed features in determining wild production; Lake Michigan steelhead population models; and on going and future research needs for steelhead. 



Steelhead Stocking

» 1876 Au Sable River
» Wild runs became established
» Sporadic stocking 1900’s - 1965

» 1968 hatchery raceways and weirs
established

» 1 million fall fingerlings

» 0.5 million yearlings
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Steelhead Stocking

Stocking began in 1876 when the Au Sable River was stocked with rainbow trout from the McCloud River in California “California Trout”. They are not native to Michigan and were purposely stocked to create and maintain a fishery throughout the state. In California and other western states, steelhead are native and hatched in freshwater rivers, migrated hundreds of miles to an ocean that has salt water where they feed for a number of years before returning to fresh water rivers to spawn. It was not known how these rainbow strains would do in the Great Lakes and Michigan rivers (all freshwater). Not only did they survive, they created an instant fishery and some natural reproduction occurred in the Muskegon, Manistee, Little Manistee, and St. Marys rivers. 
-Construction of dams, invasive sea lamprey, deforestation, pollution of rivers diminished these early established runs of wild and stocked steelhead. 
A low level stocking program continued through early 1900s through 1965 with a combination of fry, fall fingerlings and yearlings stocked.
Modern stocking started in late 1968 with construction of hatchery raceways and weirs for salmon introductions.
Early on we mostly stocked 1 million fall fingerlings and  500,000 yearlings.
By 1980s we mostly stocked yearlings (1 million) as we learned that they had better survival than the fall fingerlings. 



Steelhead Stocking

» Hatchery smolt length matters

» Wolf Lake and Thompson State
Fish Hatcheries

» 1980s to 1999 1 million yearlings
» 2000 to 2015 1.2 million yearlings
» 2016 to now 1.3 million yearlings
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Continuing with steelhead stocking.
Important research in the 1980s indicated that the size of steelhead young in the river was the main determining factor whether they would smolt at age 1 or stay in the river another year or two. A smolt is a young steelhead that prepares its body and behavior to move downstream to the ocean or in this case to a Great Lakes. We learned that young steelhead need to get up to 7.9 inches for optimal survival and smolting to occur. 

Wolf Lake and Thompson state fish hatcheries have the best water temperature to maximize steelhead growth and get them to that 7.9 inch size. They are the only two facilities that we can feasibly raise steelhead at in Michigan

In the 1980s we stocked 1.1 million yearlings
That increased to 1.2 million  yearlings in the 2000s  
And now we are up to 1.3 million yearlings which is the highest number in Michigan’s history. 



Current Steelhead Stocking

» Lake Superior 95,000

» Lake Huron 450,000

» Lake Michigan 625,000

» Lake Erie/St. Clair 110,000
» 350,000 Fall Fingerlings

» All steelhead mass marked in Lake
Michigan and Huron through 2024

» Hatchery cost of $2.4 million annually
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	Our current stocking in the great lakes is……95,000 in Lake Superior 
	450,000 in Lake Huron 
	625,000 in Lake Michigan 
	And 110,000 in the Lake Erie/St. Clair 

We also stock 350,000 fall fingerlings. These smaller steelhead have much lower survival than yearlings but they are available as part of our rearing cycle for steelhead so we do stock some out. 

We are also partnering with other states and the USFWS to mark steelhead in Lake Michigan and Huron with an adipose fin clip and coded wire tag so we can evaluate hatchery vs wild steelhead, compare strains, determine stocking site success, study movement, and to evaluate FF vs Yearling survival. Steelhead will be marked through 2024. 

Hatchery costs to produce steelhead is about $2.4 million annually, which is about ¼ of the hatchery budget. 

For comparison, we spend about $500,000 for Chinook salmon and $1.2 million for coho salmon. 



Percent Wild Steelhead in the Lake Michigan Creel
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This is percent wild steelhead in the Lake Michigan creel harvest.

Along with stocking, our steelhead populations are supported by a significant amount of wild fish. 

Estimates of percent wild steelhead can be determined looking at the growth patterns of steelhead scales collected by our creel clerks. 

There is substantial variation among years with values ranging from 6-50% and averaging 30% across the time-series. In more recent years (with a change occurring between 2002-2004), the proportion of wild fish has been higher (marked by the circle) averaging 44% from 2005-2017.  

So, we are getting a good boost to the population with wild steelhead produced in our streams. 

The reasons for the recent increase will be covered in the research section of the presentation. 


Steelhead Stocking Creates Fisheries

River Year Angler Effort | Number of
in Hours Angler Trips

Manistee 2016 330,000 62,000
2003 532,000 108,000

Muskegon 1999-2005 339,000 93,000

Grand 2015 44,000 16,000

St. Joseph 2003 287,000 77,000
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Steelhead stocking creates fisheries.

This is past creel data on key steelhead rivers that we stock showing Angler Effort in hours and the number of fishing trips. 


The effort has been as high as 530,000 angler hrs in 2003 on the Manistee River and ranges from 44,000 to 339,000 angler hours among the Muskegon, Grand, and St. Joseph rivers

We have also noticed a decrease in effort on some rivers like the Manistee 2003 and 2016.  Some of this lower effort may be due to lower salmon runs. 

What is amazing about our river steelhead fisheries is that (in total) they add up to more effort than Lake Michigan, which is about 890,000 angler hours. 

Creel on big rivers requires 10 months and two clerks to complete at $150,000 per year. We are already planning to do a creel survey on the Muskegon River in 2023 to look at catch and effort as well as to collect data from the marked steelhead that have been stocked in the river since 2018. 


Engaging Constituents

» Angler Surveys

» Attend Organizational Meetings
» Fishery Workshops

» Advisory Committees

» Conversations and Coffee
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Another part of fisheries management is engaging with Constituents to get their perspective on the fishery and to get their recommendations on current and future management.  It is our public trust responsibility to engage with our constituents on how they want their resources managed. We engage with constituents through surveys of licensed anglers; we attend organizational meetings like local steelheader chapters, charter boat association meetings, Trout Unlimited meetings, and watershed groups,; we participate in Fishery Workshops hosted by Sea Grant throughout the state; we discuss fisheries management and get feedback from Great lakes Citizen Advisor and the Coldwater Resources Steering committees; and our annual Conversations and Coffee meetings are held throughout the state to discuss management and proposed regulation changes. 

Each time that we engage with the public we hear from a diverse user group.


What happens when regulations change?

» Angler expectations
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» Change angler opportunity
» Angler behavior
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What happens with regulations change?

There may be angler expectations that this will change steelhead numbers; it may create an expectation that this will solve the low returns on certain rivers; yet we may not be able to even measure a change because harvest is low now and more than likely not the major issue causing reductions in numbers. 

We may see loss of angler opportunity without biological justification; We stock these rivers to provide catch and harvest opportunities; we should have good reason to take opportunity away from anglers.

Angler Behavior: Anglers may move to other streams with more harvest opportunity; Some anglers may not travel from out of state to certain rivers if harvest regulations are too low.

So we really need to identify the cause or causes of the low returns if we want the desired effect of better steelhead returns in the future. It is our professional opinion that harvest is not the cause of the low returns and that lake conditions may be the cause. 


Why different steelhead bag limits?

Protect Spawners Maximize Catch Rates

Western States Michigan Steelhead Alley
“Native” “Naturalized and stocked” “Stocked”
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Why have different steelhead regulations? Here are two examples: one from the west coast (where steelhead are native) and one from steelhead alley in Lake Erie (an area where steelhead have been introduced and are heavily stocked). 
	Steelhead are native to west coast streams. Western states have low bag limits and even close the fishery depending on the run size. They monitor the number of steelhead that pass dams and adjust the bag limit accordingly –sometimes on a daily basis. The goal is to allow unique strains of steelhead the opportunity to migrate hundreds of miles to specific tributaries to spawn. Some local populations are very low, so these efforts are for protection and restoration of genetically unique strains of steelhead. Hundreds of hatcheries are also used to enhance these local populations and maintain these genetically unique strains. Reported catch rates range from 0.02 to 0.10 steelhead per hour.  
	Steelhead Alley consists of NY, PA, and OH and their Lake Erie tributaries. These rivers are heavily stocked. For example, PA stocks 1 million steelhead and only has 60 miles of Lake Erie coastline. The lower bag limits along with the high stocking rates create high catch rate fisheries.  These states have seen catch rates between 0.20 to 0.60 steelhead per hour. These are put grow and take fisheries with the goal to maximize catch rates. 
	Michigan’s steelhead population has a mix of naturalized and stocked steelhead. Our main objective is to create and maintain diverse fishing opportunities in our rivers throughout the state and in all four of our Great Lakes. Our catch rates range from 0.04 to 0.20 steelhead per hour. 


Steelhead Regulations History

No Limits

(),
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Early regulations for trout typically relied on size limits rather than bag limits, so there were no bag limits for many years. 
1926 to 1945, the bag limit 15 per day
Late 1960s to 1989 it was 5 per day
Since the 1970s, the Little Manistee River has been Closed Jan 1 to March 31 from Spencer Road to Manistee Lake.
In 1989 Steelhead changed to 3 per day in GL and on rivers
Type 1 trout streams are closed at end of September to last Sat. in April
There are 8,300 miles (out of 27,000 miles of type 1) of streams closed that have access for Great Lakes fish like steelhead
This is an action that we have taken to protect wild steelhead in habitats that typically have successful natural reproduction
Pere Marquette River from Gleason’s Landing to Rainbow Rapids has a bag limit of 1 Rainbow Trout/Steelhead from Sept. 1 to last Saturday in April. It is catch and release fishing only from M37 to Gleason’s on the PM River. 
. 


Steelhead Regulations Discussions
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We have also had many conversations on steelhead regulations in the past 10 years. 

In 2010, the Coldwater Resources Steering Committee had discussions to reduce bag limits
Some (mostly guides) proposed reducing the bag limit to 1 steelhead on Type 4 streams
DNR biologists could not come to consensus with the proposed changes statewide due to no biological justification to lower harvest. 
In 2011 the Coldwater Resources Committee discussed steelhead life history
Discussions were about the number of adult steelhead returning and how that relates to number of smolts produced.	
Dr. Tammy Newcomb led the discussion and brought research on the Betsie and other rivers. 
The take home message was that habitat and stream temperatures were bigger factors for smolt abundance and survival in the river. 
Members of the committee focused on reducing a few key wild producing rivers feeding Lake Michigan and asked Fisheries Division to weigh in.
The Lake Michigan Basin Team did not come to consensus on what streams should have lower limits but agreed to lower the bag limit on steelhead below the Little Manistee Weir to maximize available adults for our egg take as this is our only egg take facility for steelhead in Michigan. 
In 2014 there were more proposals (mostly from guides) to lower bag limits on select streams. 
The Committee agreed that this was a socially driven regulation and that it would be good to assess the opinions of steelhead anglers with a survey. 
Unfortunately, this was not completed
Also in 2014, there was a proposal to reduce statewide steelhead bag limits to 2 or 1 
There was little public support from general anglers
In 2015 there was a proposal to reduce bag limits on the Muskegon, Pere Marquette, Little Manistee, and Manistee rivers to 2 or 1. 
Conversations and Coffee meetings were held throughout the state
Most supported the current 3 steelhead bag limit with some support for a lower limit. 
In 2019, the DNR proposed to the Coldwater Resources Steering Committee to have a lower limit on wild fish now that mass marking of steelhead was going on.
The proposal did not make it through Coldwater Resources Committee
The committee recommended that groups should promote catch and release practices for at least wild steelhead. However, none of the member organizations started any marketing campaigns to promote catch and release of wild steelhead. 
In 2020/2021 Sea Grant and DNR conducted Steelhead Webinars.
The main purpose was to promote voluntary angler data collections on rivers 
We also discussed current steelhead data and possible causes of some river run declines
Sea Grant surveyed participants of the webinar and did a survey of just river fishing guides to gather their opinions on steelhead management. These surveys were limited and directed towards specific groups and did survey general anglers.
A positive outcome was the development and now use of an Angler Diary app to record steelhead catch. 



Number of Steelhead
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Here are the numbers of steelhead handled at the Little Manistee River during spring egg take. 
-the green bars are the number of steelhead handled at the weir and the black like is water clarity in Lake Michigan in meters and corresponds to the secondary axis on the right. 

Prior to 2003, there were typically 4,000 to 6,000 steelhead handled/passed through the weir. Now it is around 2,000 to 3,000. Part of the reduction is that we only count steelhead while taking eggs. Once the quota is met, the fish are allowed to go upstream. Historically, the weir was operated longer to get a better estimate of the run.

We also noticed a change starting in 2003 with Lake Michigan water clarity that seems to correlate with lower productivity and increases in zebra and quagga mussels in Lake Michigan. The. Clearer water means less nutrients, less algae and zooplankton, less bait fish, and results in less predatory fish like salmon and steelhead. We are seeing similar population declines due to this lower productivity with chinook salmon, brown trout, and whitefish. 

Also notice that the winter closure (starting in 1972) had been in effect throughout most of the weir operation and that the lower river one fish bag started in 2013 did not improve numbers at the weir. So, lake productivity and conditions may be a bigger driver of run size than harvest. 


Steelhead Regulations in Other States

Michigan Types 3 and 4 All Year 3
Types 1 Oct. 1 to April 30 Closed (8,300 miles)
Wisconsin All Year 5
ILlinois All Year 5
Indiana All Year 5
Minnesota All Year 5 Clipped; 0 Unclipped
Ohio May 16 to August 31 5
Sept. to May 15 2
Pennsylvania April 17 to Sept. 6th 5
Sept. 7t to April 16 3

New York All Year 1 in streams
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Here is how Michigan seasons and bag limits compare to other states. 

Michigan generally has 3 fish bag limit throughout the state with our type 1 streams closed from Oct. 1 to April 30th allowing protection for steelhead to spawn in 8,300 miles of streams. 

WI, IL, IN, are all at 5 steelhead per day with no discussion of future changes

MN is 5 hatchery and zero wild, which is mainly on a few Lake Superior rivers

OH is 5 and 2 from Sept to May 15; PA has a similar reg

NY  has a 1 fish bag in their streams; Through angler surveys, NY learned that their anglers were supportive of the lower bag limits, so they implemented the change. Anglers continue to support that reg now based on their surveys. 


Manistee 2016
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St. Joseph 2003
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Here is more river creel data showing the number of harvested steelhead and the number of steelhead that are released throughout the year. 

Michigan steelhead anglers generally released more steelhead than what they kept or harvested. Look at the Manistee River with over 14,000 harvested and over 24,000 released for a 63% release rate. 

The Muskegon River had over 23,000 harvested and 68,000 released for release rate of 75%. The Muskegon River is stocked with the steelhead strain and a resident rainbow trout strain that tends to stay in the river. These resident rainbow trout are generally smaller than steelhead so that may be part of the reason the Muskegon River has a higher release rate. We will also want to consider the ability to catch and harvest these resident rainbows with any future regulation as they are stocked to provide a fishery in the Muskegon River below Croton Dam. 

The total catch was less for rivers to the south with the Grand at 4,100 and 61% released and the St. Joseph River at 12,000 caught and 38% released. 

Dowagiac River anglers also release most of their catch with 78% of steelhead released.

So again, the majority of the catch is already being released in these rivers unless there was a major change in angler behavior since we conducted the 2016 Manistee River survey. 

For comparison, in the last 5 years the average Lake Michigan harvest was 14,300 steelhead.



Lake Michigan Steelhead Angler Behavior

General Anglers

» 58% catch at least 1 steelhead
»24% catch more than 1 steelhead
»Only 4% harvest 1 steelhead

» 2% harvest more than 1 steelhead.

Charter

» 9% harvest 1 steelhead
» ~1.5% harvest more than 1 steelhead
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This is Lake Michigan data showing angler behavior in regards to catch and harvested steelhead. 

In these bullets, catch is a combination of harvested and released steelhead. 

So with general anglers (these are your folks fishing for pleasure and not for income), 58% catch at least 1 steelhead, and 24% catch more than 1 steelhead. 

But only 4% harvest 1 steelhead and 2% harvest more than 1 steelhead. So there a strong catch and release ethic for general anglers even on Lake Michigan. These anglers that are releasing steelhead are more than likely the pier and beach anglers.

Charters consist of captains and boats for hire, so they have the equipment and knowledge to target steelhead off shore. About 9% of charters harvest 1 steelhead and 1.5 % harvest more than 1 steelhead. Charters only report on harvested fish so we don’t know what they are releasing. 



River Steelhead Angler Behavior

Catch (harvest + released steelhead)

Big Manistee 2016 18% 10%
Pere

METEMETE | ) 6% 4%
Muskegon 1999-2005 31% 11%
St. Joseph 1997-2004 16% 23%
Harvest

5% 1%

Big Manistee 2016

Pere
Marquette 2011 1% 0%
Muskegon 1999-2005 17% 11%

St. Joseph 1997-2004 12% 15%
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And this is data looking at river angler behavior. 

Again, catch is harvest plus released steelhead. And harvest is what anglers kept. 

Comparing the top and bottom tables, in 2016 on the Manistee River 18% of anglers caught 1 steelhead; whereas 5% of Manistee river anglers harvested at least 1 steelhead. 

This pattern of anglers catching more steelhead than that they keep is also shown for the PM, Muskegon and St. Joseph rivers. The Muskegon River had over 30% of anglers catching one steelhead while 17% harvested one steelhead. 

Catch and release fishing has been a cultural norm for Steelhead anglers on rivers and the Great Lakes.



Habitat

» Promotes Wild Steelhead
» Connectivity
» Dam Removals

» Culvert and Bridge
Replacements

» Fish Ladders

» DNR Fisheries Habitat
Grants
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Habitat
Not enough credit is often given to habitat in regard to fisheries management, but it can provide huge benefits to our fisheries and often more benefits than stocking and regulations.
Michigan has been a leader in connecting our river systems to the Great Lakes. This is done through dam removals and fixing road stream crossings. Recent examples of connecting habitat include the removal of the Pucker Street dam on the Dowagiac River that provides steelhead access to 150 miles of cold-water streams. 
	Fish Ladders were constructed through the late 1970s into the early 1990s to promote anadromous fisheries in urban areas along the Grand River and St. Joseph rivers. Both rivers are stocked with salmon and steelhead and anglers can catch steelhead as far upstream as South Bend, Indiana on the St. Joe and in Lansing on the Grand River. These ladders also provide access to cold-water habitat that helps increase natural reproduction. 
	DNR Fish Habitat grants promote connectivity and stream habitat restoration and are available to government agencies, organizations and the public to enhance habitat. 

All this effort to open habitat is why Michigan produces most of the wild steelhead in the Great Lakes and is why up to 30-40% of the Lake Michigan steelhead fishery is made up of wild fish.



Wild Steelhead Smolt Abundance
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This is age 1 wild smolt abundance. 

Status and trends surveys capture rainbows and other fish and can be used to track trends over time. This is the number of age 1 rainbows/steelhead smolts caught in the Pere Marquette River (gray), Little Manistee River (blue), and Bear creek (orange). The lines are the long-term average for each stream. We seem to see abundances consistently above and below the average line indicating no major trends. 

We also see a thousand or more age 0 steelhead in these surveys, and few make it to age 1 due to environmental conditions and habitat limitations to support high numbers of smolts. 

We think that this indicates that spawning adults are providing enough eggs to saturate available habitat and shows the variability from year to year that is often due to stream conditions. 

These rivers are an example of high-quality habitat systems  that produce good numbers of steelhead of smolts. By doing habitat improvement and opening more streams, we hope to enhance or connect to more habitat that can produce more wild smolts. 





Management Summary

» Diverse and Healthy Fishery Goals Maintained
» Stocking Quality Steelhead

» Wild Production Contributions

» Regulations Consistent with Diverse Fishing Opportunities

» Habitat Enhancement Opportunities
» Wild Smolt Production Stable
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Our fisheries in the Great Lakes and in rivers are diverse and healthy given the changes in Lake productivity that we have seen over the past 20 years. 

We continue to stock healthy and high-quality steelhead that provide fishing opportunity in Great Lakes and rivers

Wild steelhead contribute to the Great Lakes and to select river fisheries.

Regulations vary throughout the country and our regulations are consistent with our fishery goals. Any changes to these regulations should be vetted with anglers. 

Habitat enhancement is a huge goal and increases steelhead angling opportunities and potential wild production.

Status and trends data on a few streams show smolt production is stable and mostly habitat limited and not limited by the number of adults.

And now Jory Jonas (Charlevoix Research Station) will present some of our research findings. 


Research Summaries

Published studies have informed:

» Stocking locations (upstream or
downstream)

» Strain performance Skamania-summer run
vs. Michigan-winter run.

» Genetic composition.
» Egg take practices at weirs.
» Knowledge of diseases and pathogens.

» Origins of hatchery and wild steelhead with
otolith microchemistry.

» Feeding ecology of steelhead smolts.
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Research serves a key role in helping managers make effective decisions based on science and the best available information. We help managers fill information gaps and answer lingering and sometimes difficult questions. Published past studies have:

Locations in which steelhead are stocked (upstream or downstream), was changed from downstream to upstream locations based on coded-wire tag study results in a well replicated evaluation.
The similarities and differences between Skamania (summer run) and Michigan (winter run) strains of steelhead in both lake and river fisheries has been described.
Our knowledge of genetic stock structure has been informed by evaluations with PERM staff at MSU.
Collaborations with MSU PERM staff have led to improved egg take practices at weirs, and increased knowledge of best practices for diagnosing and treating diseases and pathogens in egg take and hatchery operations..
More recent studies have used otolith (fish ear bone) microchemistry to describe the origins of hatchery and wild steelhead.
Another published study showed that steelhead smolts are very adaptable. Changes in environmental or landscape features do influence what young steelhead eat, but do not influence resulting size or condition.





Research Summaries

Ongoing efforts tell us:

» Distribution and composition of steelhead in
Lake Michigan.

» Estimates of abundance, biomass, mortality
rates and consumption of steelhead in Lake
Michigan.

» Growth and size at age are not declining.
» Survival of stocked steelhead is declining.
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Ongoing research efforts will finalize analyses and develop manuscripts which describe the natal origins, composition and distribution of hatchery and wild steelhead in Lake Michigan. 
A lake-wide population model describing mortality rates of steelhead in Lake Michigan was recently completed. Model outputs will be used to update consumption estimates for steelhead in predator-prey evaluations. The model, which is undergoing review, estimates the number of fish in Lake Michigan and associated mortality rates and can be used to inform our discussions. Data inputs are compiled from all states surrounding Lake Michigan.
Growth estimates have been updated for steelhead in Lake Michigan using more effective cohort-based techniques.
When evaluating early model outputs, it became apparent that stocked fish may not be surviving as well as they used to. We continue to explore information and are designing studies to address information gaps.



Percent Wild Steelhead 2016-2018
Microchemistry
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Michigan produced wild fish bolster fisheries around the lake. Estimates of the percent wild steelhead in the population based on otolith microchemistry (avg 41% from 2016-2018) are reflective of estimates obtained from scales pattern analysis (avg 47% from 2016-2018), bolstering our confidence in established methodologies. Distributions of wild and hatchery steelhead are similar throughout Lake Michigan indicating strong mixing of the stock in Lake Michigan.


Thompson Hatchery
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Presentation Notes
Fish stocking plays a critical roll in establishing diverse fishing opportunities. Of the 59% percent of hatchery fish in the previous figure, Michigan DNR hatchery steelhead comprised 80% of the harvest in Lake Michigan fisheries lake-wide.  Wolf Lake Hatchery was most successful, producing 49% of stocked fish followed by the Thompson State Fish Hatchery which provided 31% of the steelhead harvested. Hatchery inputs from all other states (IL, IN, WI) contributed to 20% of stocked fish harvested. 
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Presentation Notes
Michigan produced wild fish bolster fisheries around the lake. Of the 41% of steelhead that are of natural origin, 80% come from five river systems in the lower peninsula of Michigan (Little Manistee River, Pere Marquette River, Kalamazoo River, Muskegon River, and St Joseph River). The Little Manistee and Pere Marquette Rivers alone represent 42% of wild recruitment to Lake Michigan recreational fisheries. 



Steelhead smolt production
model predictions:

» Modeled estimates of smolt
production are available.

» Verify high level findings with
microchemistry.

Highest producers are:
= Little Manistee River
= Pere Marquette River

» Differences with otolith
microchemistry in less
productive systems remain to
be explored.
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Presentation Notes
Previous investigators have created models to predict the numbers of young steelhead in streams given landscape and environmental factors such as temperature and flow. The modeled estimates of smolt production align well with microchemistry findings in predicting the largest producers (Little Manistee and Pere Marquette Rivers) but differ in other areas. Otolith microchemistry results will allow us to ground truth the model predictions and make adjustments to more reliably predict smolt numbers.



Fidelity and straying
in rivers:

95% fidelity to natal streams.
Habitat protection is important.
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Presentation Notes
In a previous study, straying rates were low 0.074% for steelhead stocked into the St Joseph and Manistee Rivers from 1995-1998. The Skamania or Michigan strains of steelhead did not differ in straying rates and stocking location did not influence straying rates (Prichard et al., 2018).  Protection of habitat is important.




Spawning mortality and frequency of
repeat spawning:

» Mortality in streams is 4-6 times higher than in
Lake Michigan.

» Over 50% of returning adults are virgin
spawners.

» Survival to repeat spawn can range 3-58%.
» Few fish spawn more than 2 times.
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Presentation Notes
It is important to discussions about the proposed regulation to understand relative mortality rates in lake verses river systems, expected mortality rates related to spawning stress, and the frequency in which repeat spawning occurs. Mortality rates estimated in the lake-wide population model for steelhead indicate that steelhead in streams experience 4-6 x higher mortality rates than those in the whole of Lake Michigan. Of fish returning to streams, over 50% are likely to be first time spawners, and survival to repeat a spawning event is variable ranging from 3-58%. The stress of spawning takes its toll, and it is rare for steelhead to spawn more than 2 times.
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Presentation Notes
The inset graph is one you have seen earlier in the presentation and represents estimates of the proportion of wild steelhead in Lake Michigan based on scale pattern analysis. Population model estimates from this information resulted in abnormally high estimates of steelhead numbers. On reflection we realized there could be a problem with interpretation of the ratio if the survival of stocked fish had changed. To evaluate the potential for survival changes we looked at the numbers of hatchery and wild fish collected by creel clerks in their survey efforts. The larger graph represents year-class based numbers of steelhead sampled in creel sampling, hatchery and wild designations are made with scale pattern analysis.  Note critical changes occur in both graphs between 2002 and 2004. We can see that the green line, which represents numbers of hatchery fish recovered, declined abruptly from 2002 to 2004. The orange line representing numbers of wild fish remained relatively stable. 

Why might post stocking survival be declining?

High water
Slower outmigration
Increased exposure to predators such as northern pike and walleye
Conditions of the lake with lower productivity (mussel impacts)
Seeing declines in yellow perch, chinook salmon, whitefish
Change basis for vulnerability to competition and predation
Bait abundance
Predation cover- reductions in alternative prey sources and elevating the value of silver salmon smolts as prey
Food may be limited for young steelhead after they migrate to Lake Michigan



ival of Stocked Steelhead and

Recruitment

l

Surv

2000000

-Post stocking mortality

s UM _Stocked — eStocked fish

e \\ild recruits

3
S

1600000

1400000
1200000
1000000

ys!y Jo Jaq

S10¢
t10c
€10¢
¢10¢
110¢
010¢
600¢
800¢
£00¢
900¢
500¢
r00¢Z
€00¢
€00¢
100¢
000¢
6661
8661
L661
9661
9661
ve61
€661
661
1661
0661
6861
8861
£861
9861
5861

Year

800000
600000
400000
200000

wnp



Presenter
Presentation Notes
This graph represents the numbers of steelhead stocked and naturally produced in Lake Michigan, as well as a representation of t numbers of stocked fish adjusted for reduced survival since 2002. The orange line shows unadjusted numbers of stocked steelhead, the blue line represents wild recruitment estimates, and the grey line represents the number of stocked steelhead after numbers have been adjusted for post-stocking mortality experienced in the river. The difference between the grey and the orange line represents the loss due to increased post-stocking mortality.



Recreational fishing Lake Michigan
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Presentation Notes
While many steelhead trends are declining in rivers and in Michigan waters of Lake Michigan, our best index of relative abundance, Lake Michigan whole lake fishery harvest estimates from creel surveys, indicate that while harvest has been lower since 2003, we have yet to reach emergency status. Numbers vary substantially from year-to-year ranging from 176,000 fish in 1998 to 21,000 fish in 1986 and averaging 96,000 fish over the time-series. Michigan and Wisconsin are harvesting different numbers of steelhead right now, as the catch rates of steelhead are higher on the western side of Lake Michigan.
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Presentation Notes
A lake-wide population model for steelhead in Lake Michigan has been developed. Annual estimates numbers of steelhead show a substantial amount of variation from year-to-year with values ranging from 2 to 5 million fish, averaging 3.2 million fish over the time series. A slight declining trend is observed over the time-series, though the slope is relatively flat.

Lower harvest rates seem to be a lake-wide trend and similar observations have occurred for chinook salmon, yellow perch and lake whitefish. Based on changing conditions in Lake Michigan which have resulted in lower productivity, it may be necessary to adjust expectations for the carrying capacity of the system which may be unable to support large dense populations of silver fish and sustain prey populations as had been possible in the past.



Ongoing and Future
research:

» Mortality sources for young stocked
and wild steelhead.

» Recruitment bottlenecks. (predation
on young steelhead)

» Predicting smolt numbers using
environmental and landscape factors.

» Informing management when
knowledge gaps exist for steelhead.
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Presentation Notes
Ideas for future research evaluations include a study which will used acoustic predation tags to explore movement, mortality sources, and timing of stocked and naturally produced steelhead smolts. The larger picture is aimed at defining specific bottlenecks to the recruitment and survival of steelhead in Lake Michigan. We will continue to improve and expand on smolt production models which integrate environmental and landscape variables to predict the number of smolts produced in individual rivers. We will explore ways to further our understanding of fishing vs spawning mortality in river systems. As always, we will listen and receive feedback from managers and anglers to design studies which address core concerns related to best practices for managing steelhead populations.

And now Todd Grishke will provide an overview of the large amount of information you’ve been asked to absorb today. Thank you for providing this opportunity to present and discuss our findings with you.




Overall Summary

» Public trust responsibilities; Diverse angling community
» Continuum of research, assessment, and management

» Confidence in data
» Opportunity to be proactive

» Regulation cause & effect, Expectations
» Most recent deliberations: little support for further restrictions
» Amendment supported by select group of anglers
» Immediate action is not preferred option




Thank you

» Questions?
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