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I would like to start by introducing myself - my name is Tyler Ahrenstorff, I am a fisheries 

research biologist with the MN DNR.  As I mentioned, today we are going to be talking 

about a multi-year fish diet or bioenergetics research project.  I will explain exactly what 

the word bioenergetics means a little later in the talk.
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So, lets start at the beginning.  The first question is what is the problem we are seeing in 

Mille Lacs Lake?  As all of you probably know, the walleye population is declining.  For the 

fisherman out there, you have probably noticed this trend.  The next logical question is why 

is this occurring?  Since about the year 2000, we have noticed that more young walleye are 

not surviving their first few years of life.  So, plenty of walleye are born each spring but for 

unknown reasons they are not surviving very well.  What might be the cause?  While there 

are lots of potential causes, which I will touch on at the end of my talk, higher predation is 

one possibility.  In other words, more predators may be eating these young walleye before 

they are able to grow to adult walleye.  How can we find out if predation is the cause?  We 

have been conducting a multi-year, lakewide fish diet or bioenergetics study to see what 

the predators in Mille Lacs Lake are eating.  We are focusing on diets of walleye, 

smallmouth bass, and northern pike because they are the most abundant predators in the 

lake.  Other predators, such as burbot and muskellunge, appear to be at low numbers in 

the lake and therefore we are just focusing on these more abundant predators.
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What are the objectives of this study?  The first objective is to figure out what the primary 

predators in Mille Lacs Lake eat.  Again, we are focusing on diets of walleye, northern pike, 

and smallmouth bass.  These are the results from the fish diet part of the study.  Objective 

two is to figure out how much food is consumed between species and also between years.  

This objective, and the third objective, use results from the bioenergetics part of the study.  

Bioenergetics is a computer modeling approach where we can predict how much food is 

consumed over the course of year when we know data inputs into the model such as what 

the predators are eating, how much the predators grow in a year, and what the water 

temperatures are throughout the year.  Based on this information we can predict how 

much food is consumed.  The third objective is to figure out how many juvenile walleye are 

consumed between species and between years. This slide sort of acts as a template for the 

rest of the presentation.  We will start by talking about objective one, then objective two 

and three.
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So, the first objective – what do the predators in Mille Lacs Lake eat?  Many of you have 

probably cut open fish stomachs when you harvest fish from a lake.  That is essentially 

what we were doing with this project.  We would set short-term gillnets throughout all 

areas of lake every month from May to October in 2013 and 2014.  We also did some 

winter diet work in December 2013 and February 2014 to see how diets may change in the 

winter months.  Our goal was to collect a wide range of walleye, northern pike, and 

smallmouth bass sizes throughout the year.  So, we would go out and set our gillnets and 

collect fish as seen here.
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Once we collected the fish from the lake, we would bring them back to lab, measure them, 

weigh them, and cut out their stomachs.  Here is a picture of a stomach being cut out of a 

walleye, you can also see a smallmouth bass being weighed in the background.
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Here is a picture of the walleye stomach that was removed and you can see there is 

something rather large inside this stomach.
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So, we would open up the stomachs to see what was in them.  In this picture, we see a 

yellow perch was eaten by this walleye.

8



Here is an example of stomach contents from a smallmouth bass.  You can see there are a 

bunch of crayfish parts in this stomach, something that was very common in many 

smallmouth stomachs. Every now and then we would find prey items in stomachs that we 

couldn’t identify.
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This was actually a large fishing lure we found in a northern pike stomach in the winter.  But 

we do often find prey items that are difficult to identify.
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As you see here, this is what unknown stomach contents usually look like.  We would do 

our best to identify these items by searching for identifying bony structures such as bottom 

jaws or a bony structure called the cleithrum which is found near the gills.  These bony 

structures often would help us figure out what prey species we were looking at. Sometimes 

we were still unable to identify the prey species, and in that situation we just called them 

unknown fish.  
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Now, as I mentioned we also collected some winter diets.  This consisted of going out to all 

areas of the lake and setting our gillnets under the ice.  Here is a picture of us drilling some 

holes through the ice.
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We would then set our gillnets under the ice as you see here.
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And the next day we would go out and pull these nets in and work up any fish that were 

caught.

14



We typically collected length, weight, and stomachs from these fish directly on the ice.  

Here is a picture of a walleye we were working up.
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Here is a picture of us removing a stomach from a walleye caught in the gillnets.
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As I mentioned, we would then cut open these stomachs and identify any prey items.
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Alright, now lets look at some actual diet data.  First we will look at walleye diets.  We will 

start by looking at two years of diet data, 2013 and 2014, which is shown in the two 

columns.  The rows represent two different size ranges of walleyes, walleye that are less 

than 18 inches and walleye that are greater than 18 inches.  We sampled 1,633 walleye 

diets in 2013 and 1,364 walleye diets in 2014.  First, let’s look at what the walleye less than 

18 inches ate in 2013.  They consumed some young walleye, represented by the red.  A 

slightly larger proportion of cisco in blue.  The majority of their diet consisted of yellow 

perch, as seen here.  They also consumed some unknown fish – again these are fish we 

could not identify.  Often times these unidentifiable fish were small and were likely yellow 

perch.  Larger prey items, such as walleye or cisco we were usually able to identify.  But 

regardless, if we didn’t know what they were, we called them unknowns.  We also saw 

some other fish being consumed.  These were things like burbot, sculpin, madtoms, bluegill 

– that sort of thing.  The last prey category is invertebrates – so things like mayflys and 

crayfish.  Now, we can look at what larger walleye ate in 2013 and what walleye ate in 2014 

and we see some general trends.  The primary prey item consumed by walleye of all sizes 

was yellow perch.  We also saw a fair number of these unknown prey items.  In 2014, cisco 

were consumed at a higher rate, primarily because there was a strong year class of cisco in 

2014.  You notice that some young walleye were consumed by adult walleye, primarily for 

that larger size range of walleye.
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Now, we also have some older diet data from 2006, 2007, and 2008 that we can use to 

compare what walleye were consuming over time.  We sampled over 1,500 walleye diets in 

2006 and 2007 and over 2,000 walleye diets in 2008.  As you can see, there are quite a few 

similarities between years.  Yellow perch and unknown fish have been consistently found in 

walleye diets over time.  We also see these larger walleye >18 inches have consumed some 

young walleye in all five years.

19



Alright, moving on to northern pike stomachs.  We’ve separated northern pike into two size 

ranges, those that are less than 25 inches and those greater than 25 inches.  We sampled 

564 northern pike diets in 2013 and 465 diets in 2014.  If we look at what these fish are 

eating, we see that yellow perch is the primary prey item consumed by both size ranges of 

northern pike in 2013 and 2014.  Larger northern pike greater than 25 inches also 

consumed a high proportion of cisco.  These big fish are likely inhabiting deeper water and 

thus feeding more heavily on cisco.  Some young walleye were consumed by northern pike, 

particularly by these smaller northern pike less than 25 inches.  
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Lastly, lets take a look at smallmouth bass diets.  We have used 12 inches as our size cutoff 

to separate smaller smallmouth bass and larger ones.  In 2013, we sampled 278 

smallmouth diets and in 2014 we sampled 266 diets.  Smaller smallmouth bass in 2013 

consumed primarily yellow perch, unknown fish, other fish, and crayfish.  Larger 

smallmouth bass in 2013 consumed primarily crayfish and some unknown fish.  If we 

compare all of the data, you can see that crayfish are the primary prey item consumed by 

smallmouth bass.  They also eat a fair number of other fish, these were commonly bottom 

dwelling species such as sculpin, madtoms, and bullheads, and some unknown fish.  In 

2014, we found that smallmouth bass ate a fair number of cisco as well.  Again, this was 

primarily driven by the strong year class of cisco produced in 2014.  Overall, very few young 

walleye were consumed by smallmouth bass.
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Let’s summarize where we are at so far.  Walleye consumed primarily yellow perch, 

northern pike ate mostly yellow perch and larger nothern pike ate some cisco, while 

smallmouth bass fed a lot on crayfish and other fish.  Now, all of these predators did eat 

some smaller proportion of juvenile walleye as you have seen.  Moving on to objective two 

– how much food is consumed between species and between years.  Again, these are some 

of the results from the bioenergetics part of the study.

22



So, how much food is consumed by each species? Our bioenergetics modeling runs from 

Oct 1st of one year to Oct 1st of the next year.  So, we will look at results of how much food 

is consumed between each species from Oct 1st, 2012 to Oct 1st, 2013 and Oct 1st, 2013 to 

Oct 1st, 2014.  The y-axis on these figures can be slightly confusing, so let me explain what 

it means – what we are looking at is of all the food consumed by walleye, northern pike, 

and smallmouth bass in these two years, what proportion was eaten by each species in 

each individual year.  As we can see, in 2012-2013, walleye consumed the most food 

compared to northern pike and smallmouth bass.  Now, this result is primarily driven by the 

population estimates for each species.  There were about 1.4 million walleye in the lake 

ranging from age 1 to age 17, about 53,000 northern pike, and even fewer smallmouth bass 

than northern pike.  Our population estimate for smallmouth bass still needs work, but we 

estimate that there were a fair number fewer smallmouth bass than northern pike.  If we 

look at results for 2013-2014, we see a very similar trend.  Again, this was primarily driven 

by our population estimates which were very similar compared to 2012-2013.  We can also 

see that walleye consumed slightly less food in 2013-2014 compared to 2012-2013, which 

again is driven by the slightly lower population estimate of walleye in 2013-2014.  Now, the 

next step, is we can take these estimated consumption numbers for walleye and we can 

compare them to the previous years when we had walleye diet data.
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And these are the results.  These consumption estimates for walleye in 2012-2013 and 

2013-2014 are the exact same numbers we saw previously.  We can compare these values 

to our estimates for 2005-2006, 2006-2007, and 2007-2008.  Now, let me explain this y-axis 

again.  What we are looking at is of all the food consumed by walleye during these five 

years, what proportion was consumed in each individual year.  As you can see, the walleye 

population consumed about half of the food in 2012-2013 and 2013-2014 compared to the 

years in the mid to late 2000’s.  Now this makes sense, because as you can see the walleye 

population was about half in the most recent years compared to the previous years of data.  

So, overall, the walleye population has been consuming less food recently compared to the 

mid to late 2000’s.
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So, if we summarize these results we can safely say that walleye consume more food 

compared to northern pike and smallmouth bass.  We can also say that the walleye 

population is consuming considerably less food now than it was compared to 2006-2008.  

Moving on – lastly we are going to look at how many young walleye are consumed 

between species and between years.  The way we calculate this is we use our total 

consumption estimates and the proportions of the diets that were walleye to figure out 

how many young walleye are being consumed.
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I’ve organized the results in the same way as I did previously.  What we’re going to be 

looking at is of all the young walleye consumed by walleye, northern pike, and smallmouth 

bass in 2012-2013 and 2013-2014 what proportion was consumed by each species in each 

year.  In 2012-2013 we see that walleye consumed the most young walleye compared to 

northern pike and smallmouth bass.  In 2013-2014 we saw slightly different results.  There 

are two interesting things to point out here.  First of all, the walleye population consumed 

considerably less young walleye than they did in 2012-2013 and second of all the northern 

pike population consumed more young walleye compared to 2012-2013.  Interestingly, if 

we add together the amount of young walleye consumed by walleye and northern pike in 

2013-2014 it is about equal to how many young walleye were consumed by walleye in 

2012-2013.  Again, we can compare the proportion of young walleye consumed by adult 

walleye in 2012-2013 and 2013-2014 to the older years where we have diet data.
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If we look at the proportion of young walleye consumed by adult walleye over the five 

years that we have walleye diet data, we can see that the walleye population consumed 

quite a bit fewer young walleye in 2012-2013 and 2013-2014 compared to 2006-2007 and 

2007-2008.  Just to summarize again, what we are looking at here, is of all the young 

walleye consumed by walleye during these five years, what proportion was consumed in 

each individual year.  Again, the number of young walleye consumed by adult walleye was 

lower in the more recent years compared to the mid to late 2000’s.
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Again, we can summarize these results by stating that walleye consume the most young 

walleye, followed by northern pike.  We can also say that fewer young walleye were 

consumed by the walleye population recently compared to 2006-2008.
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So, what are the overall conclusions from this study.  Most importantly, it is apparent that 

population size drives consumption estimates.  That is the reason why walleye consumed 

considerably more food than northern pike and smallmouth bass.  That is also the reason 

why the walleye population consumed about 50% less food in 2013 and 2014 compared to 

2006, 2007, and 2008.  We’ve also seen that fewer young walleye were consumed by adult 

walleye in 2013 and 2014 compared to the mid to late 2000’s.  So, what do these results 

mean?  This is the current area of the study that we are working on.  At this point, it is safe 

to say we have not found a smoking gun.  While the predators certainly consume some 

young walleye, it does not seem to be the only factor contributing to the low survival of 

young walleye.  A good way to put this is survival of young walleye is reduced due to 

predator consumption, but there are likely other factors that may be important.
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What are those other factors?  One factor could be reduced productivity.  

Productivity is the ability of a lake to grow plants and animals and it is often 

measured by water clarity.  In the past, we have had less clear water in Mille Lacs 

Lake, similar to the pictures shown here, and more recently water clarity has been 

improving.  This could mean that the lake is simply changing, increased water clarity 

and reduced productivity could mean that we are no longer able to sustain as 

vibrant of a fish community as we were in the past.  Another factor potentially 

influencing survival of young walleye could be climate change and the subsequent 

shift in the predator and prey community.  Climate change is known to favor warm 

water species, such as smallmouth bass, while negatively influencing cold-water 

fishes, such as cisco and burbot.  Cisco and burbot numbers in Mille Lacs have 

certainly gone down over time.  As the fish community in the lake changes, there 

could be changes in the predator-prey community which may negatively influence 

young walleye survival.  Another important change we are seeing in Mille Lacs Lake 

is invasive species.  Eurasion watermilfoil has invaded the lake and has shifted the 

amount of habitat available.  This could favor ambush predators, such as northern 

pike, as they now have more habitat to live in.  We also have been seeing increasing 

abundance of the spiny waterflea.  The spiny waterflea is known to cause shifts in 

the zooplankton community in the lake, which could potentially influence the 

forage species and also young walleye survival.  Lastly, zebra mussel populations 

have been increasing in the lake.  Zebra mussels filter feed phytoplankton out of the 
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water column, and this causes shifts in where potential energy is allocated in the 

food-web.  Instead of primary production, or phytoplankton, eventually going into 

the fish population, this energy is being sequestered by zebra mussels in the bottom 

of the lake.  Now all of these other factors are likely playing a role in the changing 

dynamics in Mille Lacs, and they are all intertwined to some degree, which makes it 

difficult to disentangle the potential influence from each of these factors.  For 

example, zebra mussels influence productivity, and food-web changes may be caused 

by the spiny waterflea and also climate change.  As we continue to monitor the 

within lake changes that are occurring, we hope to better understand how these 

other factors may influence young walleye survival.
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I would like to end by saying that there is still hope for Mille Lacs Lake.  The northern pike 

and smallmouth bass fishery is very healthy.  We see quite a few large northern pike over 

30 inches and smallmouth bass over 20 inches.  Mille Lacs Lake is one of the best 

smallmouth bass fisheries in the midwest.  There are also still plenty of large walleye in the 

lake, suggesting that reproduction should continue to remain high.  Our regulations are 

designed for continued protection of these large walleye.  Lastly, the walleye population 

had a strong year class in 2013.  These young fish appear to be growing and surviving well.  

While the lake may never be what it once was in terms of numbers of walleye, we hope 

that a few strong year classes will help sustain the population in the future.
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For more information on this study, and just about Mille Lacs Lake in general, please go to 

the MN DNR’s website listed here.  There is a lot of valuable information available about 

what is going on in the lake.  We have also started putting together a bi-monthly newsletter 

about current observations in the lake.  You can sign up for this newsletter by going to the 

Mille Lacs Lake website and clicking the newsletter tab to sign up.  If you have additional 

questions about Mille Lacs Lake, you are welcome to call Tom Jones who is the treaty 

coordinator for the lake, Rick Bruesewitz who is the Aitkin area supervisor, or Eric Jensen 

who is the large lakes specialist.  If you have additional questions about the fish diet or 

bioenergetics study, feel free to contact me as well.
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With that, I would like to end with a few acknowledgements.  A lot of people have 

contributed to this research project, and there are many others not listed here who have 

also helped.  At this time, I would be happy to answer any questions.
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