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Great Lakes Mass Marking Program 2016  
Update and Result Highlights  

2015 Tagging and marking activities  
● 2.97 million Chinook salmon and 6.39 million lake trout 

were coded-wire tagged in 2015  

● Smaller lots (< 0.2 million) of Atlantic salmon and brook 

trout were also coded-wire tagged in 2015  

● Average final % tagged and clipped rates were 97.5% for 

Chinook salmon and 97.1% for lake trout  

● Average throughput was 8,997 and 7,931 fish per hour for 

Chinook salmon and lake trout, respectively.  
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2015 Data and tag recovery activities  
● In 2015, USFWS bio-technicians stationed on Lakes 

Michigan and Huron, sampled 48 ports and examined 21,200 

salmonines, including 8,997 Chinook salmon and 6,517 lake 

trout.  

● Over 60,000 coded-wire tags have been recovered since 

the inception of the project.  

 

2015 Estimated contributions of wild lake trout 
to fisheries in Lakes Michigan and Huron  
● In 2015, 53.2% of lake trout recovered in Lake Huron had 

no fin clip and were presumed wild ( Fig. 1).  

● 17.2% of lake trout recovered in Lake Michigan had no fin 

clip, with higher no-clip rates in southern Lake Michigan 

(Fig. 1).  

 
Fig. 1: Percent of lake trout recovered without a fin clip 

and presumed wild in each statistical district of Lakes 

Michigan and Huron. 

 

2014 Estimated contributions of wild Chinook 
salmon to fisheries in Lakes Michigan and 
Huron  
●  In 2015, 69.4% of Chinook salmon (all ages) in Lake 

Michigan and 45.8% in Lake Huron were without a fin clip 

and CWT and presumed to be wild (Fig. 2).  

●  Estimated production of wild Chinook salmon from the 

2014 year class was greater than the weak 2013 year class, 

but lower than from year classes 2006 – 2012 (Fig. 3).  

 

 
Fig. 2: Percent of Chinook salmon recovered without a 

fin clip and presumed wild in Lakes Michigan and Huron 

 

 
Fig. 3: Estimated number of wild and stocked Chinook 

salmon in the 2006 – 2014 year classes in Lake Michigan. 

 

Estimated contribution of stocked Chinook 
salmon to the fishery by stocking district  
●  Chinook salmon stocked along the western shore of Lake 

Michigan have greater survival post-stocking than those 

stocked on the eastern shore and in Green Bay (Fig. 4). Even 

at eastern ports, fish stocked on the west shore tended to be 

caught the most (e.g., Frankfort, MI in Fig. 7).  

●  The analysis was based on the percentage of fish from 

each stocking location recovered in each district, corrected 

for number of fish stocked. Each Chinook salmon year class 

(2011 – 2013, total of 7,703 fish) was analyzed separately. 

Fig. 4 shows patterns across all three year classes.  

●  Underlying mechanisms are unknown, but could include 

differences in habitat (e.g., water temperature, food 

availability) that make western shore locations more 

favorable for young Chinook salmon; differences in rearing 

or release practices; or greater competition with wild 

Chinook salmon on the eastern shore.  
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Fig. 4: Map showing districts in which all year classes 

had high survival (dark blue), districts with high survival 

of some year classes (light blue), districts with 

consistently low to average survival (pink), and a districts 

where all year classes had low survival (red). 

 

Chinook salmon movement patterns - between 
basins 
●  During April – August 2015, 96% of Chinook stocked in 

Lake Huron were recovered in Lake Michigan. 0% of 

Chinook stocked in Lake Michigan were recovered in Lake 

Huron over the same time period. Most mature Huron-

stocked fish returned to Lake Huron in autumn to spawn.  

●  Chinook salmon move from Huron to Michigan with little 

reciprocal movement. Thus, we consider most Chinook 

stocked in Lake Huron as part of the Lake Michigan 

 

population for the purposes of the predator-prey ratio model, 

which is used to help maintain balance between predator and 

prey biomass in Lake Michigan.  

 

Chinook salmon movement patterns – within 
Lake Michigan  
●  In the open-water fishery, over 90% of Chinook salmon 

were harvested in a different statistical district then where 

they were stocked during April – July. During Sept.-Oct., 

most (50-95% depending on age) were harvested in their 

stocking district. (Fig. 5). August was a transitional month.  

 

 
Fig. 5: Percent of Chinook from the 2011 year class 

recovered in the statistical district where they were 

stocked, by fish age and by recovery month. 

 
●  Mean distance between the centers of stocking and 

recovery districts during the open-water fishery was 117-151 

km (73-94 mi), dependent on age. The distribution of 

distances travelled was a long right tail for all ages, with 

recoveries up to 520 km (323 mi) away from stocking 

location.  

●  Maps showing the stocking locations of coded-wire 

tagged Chinook landed at specific ports (31 in Lake 

Michigan, 11 in Huron, e.g., Fig. 6) are available upon 

request (matthew_kornis@fws.gov ).  

 

 

 

 

 

 

Fig. 6: Origin of stocked Chinook 

salmon captured from 2012 – 2014 

during the open water fishery at 

Port Washington, WI (left) and 

Frankfort, MI (right). The size of 

each circle corresponds with the 

number of fish per 100,000 

stocked. 

 

  

mailto:matthew_kornis@fws.gov
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Post-stocking survival and movement of lake 
trout stocked at offshore refuges  
●  Analysis of coded-wire tagged lake trout recovered by 

spring assessment surveys (e.g., LWAP) showed that lake 

trout catch-per-unit-effort (CPUE, a proxy for survival) was 

affected by stocking location, genetic strain and length-at-

stocking.  

●  CPUE was corrected for number of fish stocked.  

●  Lake trout CPUE was lowest from fish stocked in the 

Northern Refuge, likely due to mortality from sea lamprey 

and commercial fishing, and highest from fish stocked at 

Julian’s Reef.  

●  In stocking locations with low lake trout mortality, Lake 

Michigan remnant genetic strains (Lewis Lake and Green 

Lake) had higher CPUE than Seneca Lake strain)  

●  Over 50% of lake trout stocked offshore in southern 

Lake Michigan were recovered in nearshore waters where 

they are accessible  

to the recreational fishery (Fig. 7).  

●  Spatial spread of lake trout from northern Lake Michigan 

was more limited.  

●  High CPUE of lake trout stocked in southern Lake 

Michigan may have contributed to increased recoveries of 

wild lake trout recently reported from that area by building 

spawning stock biomass.  

 

 
Fig. 7: Catch-per-unit-effort of lake trout stocked 

offshore at the Southern Refuge (dashed black oval). 

Dot size is proportional to CPUE. X’s indicate sampling 

locations. 

 

Stable isotopes of Lake Michigan salmon and 
trout  
●  Stable isotopes of carbon (δ13C, indicates offshore vs. 

nearshore foraging) and nitrogen (δ15N, indicates food web 

position) were analyzed to assess potential for competition.  

●  Lake trout had the most unique trophic niche, with <25% 

overlap with Chinook salmon, coho salmon and steelhead 

(Fig. 8) and greater reliance on offshore prey (e.g., bloater, 

sculpin; Table 1).  

●  Oncorhynchus spp. (Chinook salmon, coho salmon, and 

steelhead) were very similar isotopically.  

●  Niche overlap (Fig. 8) and diet mixing models (Table 1) 

suggest competition for declining pelagic prey fish (i.e., 

alewives and rainbow smelt) will be highest among 

Chinook salmon, coho salmon, steelhead, and brown trout. 

 

 
Fig. 8: Potential for competition among salmonines, 

based on overlap of trophic niche (ellipses). 

 

 
Table 1: Percentage of fish prey in the diets of Lake 

Michigan salmon and trout, as estimated by stable C 

and N isotope Bayesian mixing models. 

 
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Lake Michigan Anglers Can Expect Fewer Large Chinook Salmon in 
2016 

Volunteers with the Salmon Ambassadors program found 

that medium-sized Chinook salmon were relatively scarce 

last year. 

 

Great Lakes salmon anglers often assume that large 

Chinook salmon are “four-year-old” fish that are nearing 

maturity, and that the largest fish they catch are four-year-

olds. In fact, most Great Lakes Chinook salmon mature and 

die before reaching Age 4. Fast-growing fish are 

particularly likely to mature earlier, so the Age 4 Chinook 

salmon that anglers do catch usually are not their largest 

fish, either. 

 
Fig 1 - The number of mid-sized (20-30) Chinook salmon  

caught from Lake Michigan by Salmon Ambassadors fell  

from 1,707 in 2014 to 552 in 2015. This could mean large  

salmon will be tough to find in 2016. 

Even so, the length of a salmon can provide a rough idea of 

the fish’s age. Growth rates vary from year to year, but in 

recent years the majority of Lake Michigan Chinook 

salmon over 30 inches long have been Age 3 fish. Chinook 

salmon from 20 to 30 inches long are most likely Age 2 

fish, and those under 20 inches long are typically Age 1  

 

fish. Remember that these are rough approximations, 

though. There is considerable overlap in length among age 

groups. 

 For anglers, the size of the fish is more important than 

its age anyhow. Anglers might enjoy catching big fish, but 

normally medium-sized fish are much more abundant in 

catches. This is a good thing because many small fish die 

before they get the chance to grow to larger sizes. Very 

small fish tend to be less common in angler catches — not 

because they are less abundant, but because anglers use 

baits and fishing methods that are not geared toward 

catching the smallest fish. 

 In 2014, volunteers with the Salmon Ambassadors 

program found what we would expect in most fisheries. 

Medium-sized (20- to 30-inch) Chinook salmon were more 

abundant than larger (and most likely older) salmon. In 

2015 they found something very different. Large (30-inch 

and above) Chinook salmon were more prevalent in 2015 

catches than smaller fish (see graph). 

 It may be tempting to blame this lack of small fish on 

the 50% stocking reduction that was implemented in 2013. 

Indeed, the stocking cut was designed to reduce the number 

of salmon in Lake Michigan and ease predation on 

declining bait fish (alewife). However, the biggest drop was 

not of stocked fish, but of wild fish. 

In fact, Salmon Ambassadors data show that 53 percent 

of wild fish caught in 2014 were 20 to 30 inches long and 

this dropped to 33 percent in 2015. This reduction in 

medium-sized (mostly Age 2) Chinook salmon could 

translate to a drop in catches of large Chinook salmon for 

the 2016 fishing season. That is bad news for the fishery in 

the short term, but not necessarily in the long term. Fewer 

predators in the lake may give open water baitfish a chance 

to rebuild their populations. 

 The Salmon Ambassadors program is an angler science 

project led by Michigan Sea Grant and Michigan State U, 

and funded in part by Detroit Area Steelheaders. Anglers 

who volunteer for the program share information on wild 

and stocked catches with one another—and with biologists. 

 Volunteers track the length of each Chinook salmon 

caught over the course of the fishing season and look for a 

clipped adipose fin that indicates a stocked fish. At the end 

of the season, volunteers complete a short survey and return 

their data sheets. Results from 2015 were released in March 

2016. 

 Michigan Sea Grant helps to foster economic growth 

and protect Michigan’s coastal, Great Lakes resources 

through education, research and outreach. A collaborative 

effort of the University of Michigan and Michigan State 

University and its MSU Extension, Michigan Sea Grant is 

part of the NOAA-National Sea Grant network of 33 

university-based programs. 

http://www.miseagrant.umich.edu/explore/native-and-invasive-species/species/fish-species-in-michigan-and-the-great-lakes/chinook-salmon/
http://msue.anr.msu.edu/news/salmon_stocking_reduction_discussed_at_ludington_regional_fisheries_worksho
http://www.miseagrant.umich.edu/explore/fisheries/salmon-ambassadors/
http://www.miseagrant.umich.edu/
http://msue.anr.msu.edu/
http://www.detroitsteelheaders.com/
http://msue.anr.msu.edu/news/was_that_salmon_stocked_for_the_first_time_anglers_will_know_at_a_glance
http://www.miseagrant.umich.edu/wp-content/blogs.dir/1/files/2014/01/2015-Results-by-Port-FINAL-2.pdf
http://www.michiganseagrant.org/
http://msue.anr.msu.edu/
http://seagrant.noaa.gov/
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2015 Salmon Ambassadors results released 
In 2014, Salmon Ambassadors found that wild fish 

accounted for 65-75% of the Chinook catch in Michigan 

waters of Lake Michigan. Results were somewhat similar in 

2015, with wild Chinooks making up 72-81% of the catch 

in four Michigan regions of Lake Michigan: 

► 72% wild in Manistee 

► 81% wild in the Ludington area (including Pentwater) 

► 74% wild in the Grand Haven area (Whitehall to 

Saugatuck) 

► 72% wild in southwest Michigan (South Haven to St. 

Joseph) 

Door Peninsula, Wisconsin, stood out in both 2014 and 

2015 as the region with the highest-rated Chinook salmon 

fishing in July and August. The contribution of wild fish to 

Door County volunteer catches rose from 62% wild in 2014 

to 69% in 2015. Northern Lake Huron and Southern 

Wisconsin had much lower contribution of wild fish (37% 

and 41%, respectively) 

 Volunteers with the program found that medium-sized 

Chinook salmon were relatively scarce last year. Kings in 

the 20-30" range last year were mostly Age 2, which means 

that Age 3 fish could be hard to find this year. 
 
 

 

 

 

 

 

DNR Surveys Find Lake Michigan Anglers Persevere, Diversify Catch  
 
MILWAUKEE, Wis.– Lake Michigan anglers increased 

their efforts and reeled in greater numbers of native species 

including lake trout and walleye in 2015, even as the 

overall sport fish harvest declined due to lower catches of 

salmon and stocked trout. 

 

 Results from the Wisconsin DNR' 2015 survey of 

anglers on Lake Michigan bear out projections of lower 

overall catches dating to 2013 when surveys indicated a 

decline in forage fish including the alewives favored by 

chinook and coho salmon. In addition to stocking 

reductions of 30 percent instituted at that time, unusually 

cold weather and water temperatures this past spring likely 

also reduced harvest numbers for 2015, said Brad Eggold, 

DNR southern Lake Michigan fisheries supervisor. 

 

 "During 2015, chinook again accounted for the single 

largest component of the overall catch with an estimated 

harvest of 113,973, down from 130,698 in 2014," Eggold 

said. "Coho estimated catch also fell to 41,010 from 52,297 

the prior year. On the flip side, lake trout catch was the 

highest since 2002." 

 

 The 2015 Lake Michigan creel surveys indicated that 

anglers caught 35,715 lake trout, up from 25,425 in 2014. 

Harvest estimates for walleye (99,302 in 2015, up from 

96,193 in 2014) and northern pike (2,641, up from 814) 

also increased. 

 

Catching fish during the 2015 season required greater 

effort as the harvest rate for salmonids declined to 0.099 

fish per hour. Anglers collectively increased their time 

spent fishing by 3.4 percent to 2.7 million hours. 

 

 

 If judged by the total number of fish brought in, anglers 

who launched their own boats from ramps or marinas or 

invested in a charter trip were the most successful. The 

sport harvest from ramps and marinas totaled 346,536 fish, 

while charter captains helped clients bring in 91,255 fish.  

At a meeting of Lake Michigan charter captains and 

interested citizens recently held in Cleveland, Wis. Eggold 

said anglers will continue to find rewards from time spent 

on the water but may need to be flexible when considering 

where to fish and which species to target. 

 

 "The Lake Michigan fishery continues to change with 

variability in the forage base due to quagga mussels as well 

as low numbers of available forage in the lake," Eggold 

said. "Going forward, we will continue to work with 

stakeholders and partners in other states to monitor predator 

to prey ratios and balance stocking efforts with alewife 

numbers. We also will continue to look for opportunities to 

strengthen the diversity of the fishery." 

 

 DNR's annual creel survey dates to 1969 and last year 

captured the results from more than 12,500 angler 

interviews at ramps, shorelines, piers and streams in the 

Wisconsin waters of Lake Michigan stretching from 

Kenosha County to Green Bay. Each year, creel clerks 

interview anglers at established locations, measure fish and 

keep track of hours fished, numbers of boats and more. 

Results also include harvest estimates for guided charters 

from monthly reports that were initiated in 1976. 

 

 To learn more, visit DNR.wi.gov and search "Fishing 

Lake Michigan." Complete creel survey information can be 

found by searching "Lake Michigan management reports."  

Lake Michigan management reports."  

 

  

http://links.govdelivery.com/track?type=click&enid=ZWFzPTEmbWFpbGluZ2lkPTIwMTYwMzE3LjU2Njc3MjYxJm1lc3NhZ2VpZD1NREItUFJELUJVTC0yMDE2MDMxNy41NjY3NzI2MSZkYXRhYmFzZWlkPTEwMDEmc2VyaWFsPTE3NjUwNjU5JmVtYWlsaWQ9Z2xzZmNAY29tY2FzdC5uZXQmdXNlcmlkPWdsc2ZjQGNvbWNhc3QubmV0JmZsPSZleHRyYT1NdWx0aXZhcmlhdGVJZD0mJiY=&&&100&&&http://dnr.wi.gov/
http://links.govdelivery.com/track?type=click&enid=ZWFzPTEmbWFpbGluZ2lkPTIwMTYwMzE3LjU2Njc3MjYxJm1lc3NhZ2VpZD1NREItUFJELUJVTC0yMDE2MDMxNy41NjY3NzI2MSZkYXRhYmFzZWlkPTEwMDEmc2VyaWFsPTE3NjUwNjU5JmVtYWlsaWQ9Z2xzZmNAY29tY2FzdC5uZXQmdXNlcmlkPWdsc2ZjQGNvbWNhc3QubmV0JmZsPSZleHRyYT1NdWx0aXZhcmlhdGVJZD0mJiY=&&&101&&&http://dnr.wi.gov/topic/fishing/lakemichigan/
http://links.govdelivery.com/track?type=click&enid=ZWFzPTEmbWFpbGluZ2lkPTIwMTYwMzE3LjU2Njc3MjYxJm1lc3NhZ2VpZD1NREItUFJELUJVTC0yMDE2MDMxNy41NjY3NzI2MSZkYXRhYmFzZWlkPTEwMDEmc2VyaWFsPTE3NjUwNjU5JmVtYWlsaWQ9Z2xzZmNAY29tY2FzdC5uZXQmdXNlcmlkPWdsc2ZjQGNvbWNhc3QubmV0JmZsPSZleHRyYT1NdWx0aXZhcmlhdGVJZD0mJiY=&&&101&&&http://dnr.wi.gov/topic/fishing/lakemichigan/
http://links.govdelivery.com/track?type=click&enid=ZWFzPTEmbWFpbGluZ2lkPTIwMTYwMzE3LjU2Njc3MjYxJm1lc3NhZ2VpZD1NREItUFJELUJVTC0yMDE2MDMxNy41NjY3NzI2MSZkYXRhYmFzZWlkPTEwMDEmc2VyaWFsPTE3NjUwNjU5JmVtYWlsaWQ9Z2xzZmNAY29tY2FzdC5uZXQmdXNlcmlkPWdsc2ZjQGNvbWNhc3QubmV0JmZsPSZleHRyYT1NdWx0aXZhcmlhdGVJZD0mJiY=&&&102&&&http://dnr.wi.gov/topic/fishing/lakemichigan/managementreports.html
http://links.govdelivery.com/track?type=click&enid=ZWFzPTEmbWFpbGluZ2lkPTIwMTYwMzE3LjU2Njc3MjYxJm1lc3NhZ2VpZD1NREItUFJELUJVTC0yMDE2MDMxNy41NjY3NzI2MSZkYXRhYmFzZWlkPTEwMDEmc2VyaWFsPTE3NjUwNjU5JmVtYWlsaWQ9Z2xzZmNAY29tY2FzdC5uZXQmdXNlcmlkPWdsc2ZjQGNvbWNhc3QubmV0JmZsPSZleHRyYT1NdWx0aXZhcmlhdGVJZD0mJiY=&&&102&&&http://dnr.wi.gov/topic/fishing/lakemichigan/managementreports.html
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Summary of 2015 Lake Trout and Salmonid Stocking in Lake 
Michigan 

Lakewide salmonid trends:  

Chinook 

Stocking reductions for Chinook salmon were initiated in 

1999, 2006, and again in 2013 to reduce the predation 

pressure on the alewife prey base. In 2015, 1.79 million 

Chinook were stocked in the lake. Michigan reduced 

Chinook stocking in 2015 by roughly 2/3 of their 2006 – 

2012 mean while other states cut stocking to a lesser degree 

(5 – 24%).  

 

Brown trout 

1.54 million brown trout were stocked lakewide in 2015 

which was 11% higher than the previous 5 year mean; more 

browns were stocked in Michigan and Wisconsin waters 

relative to recent years.  

 

Rainbow trout 

Stocking has remained consistent over the years and 1.69 

million rainbows were stocked lakewide in 2015.  

 

 

 

 

 
Fig 1- Trends in stocking for trout and salmon in Lake 

Michigan.  

 

Lake trout 

At this time lake trout stocking is guided by an interim 

maximum stocking target of 2.74 (+ 10%) million 

equivalents until Federal hatchery production is capable of 

achieving higher stocking rates and the Lake Committee 

reaches consensus, informed by decision support tools and 

information, to increase stocking to the Strategy’s 

prescribed target of 3.53 million equivalents. In 2015, 

stocking of 3.17 million yearling equivalents exceeded the 

interim target range by 5%. In 2016, fall fingerling 

stockings will be suspended to reduce stocking rates back to 

the interim target range.  

 

Coho salmon 

Lakewide 2.76 million Coho were stocked in 2015, a slight 

increase compared to recent years. More than twice the 

amount of Coho were stocked in Indiana streams compared 

to 2014. 

 

 

 

 
Fig 1- Data (in millions) in stocking for trout and 

salmon in Lake Michigan.  
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Lake trout tagging and stocking locations  

Per the Implementation Strategy, roughly 2/3 of the lake 

trout are stocked offshore in 1st Priority areas for 

rehabilitation efforts. These areas include reefs within the 

Northern Refuge (West Beaver, East Beaver, and 

Charlevoix Reef Complex groupings) and the Southern 

Refuge. The remaining 1/3 are stocked in 2nd Priority 

nearshore areas to support both recreational fisheries and 

rehabilitation efforts (Map 1).  

 

Since 2010 all stocked lake trout have been marked 

with an adipose clip and a coded wire tag was implanted in 

the fish’s snout. For yearling lake trout a unique CWT code 

was used for each lake trout strain, and stocking location. 

All 1st Priority sites have distinct CWTs as do all 2nd 

priority sites within each statistical district. Fall fingerlings 

are marked with a CWT code designating whether fish were 

planted on either the eastern or western shore of Lake 

Michigan. This tagging scheme was designed to facilitate 

analysis of the better performing strains and stocking 

locations from subsequent recoveries in assessment 

surveys, and commercial and recreational fisheries.  

 

In 2015, 1.47 million lake trout were stocked in the 

Northern 1st Priority sites and 0.74 million yearlings in the 

Southern Refuge 1st Priority sites. Nearshore areas (2nd 

Priority) received an additional 0.73 million yearlings and 

0.46 million fall fingerlings. Lake trout stocking data 

showing locations, strains, and CWT numbers are provided 

in Table 2. 

 

 

 
Fig 2 - First and 2nd priority areas as described in A 

Fisheries Management Implementation Strategy for the 

Rehabilitation of Lake Trout in Lake Michigan. Northern 

and Southern Refuges are indicated with shading and 

the gray lines subdivide the lake into statistical districts. 

 

 

 

 

 

 

 

Status of Pelagic Prey Fishes in Lake Michigan, 2015 

ABSTRACT 
Acoustic surveys were conducted in late summer/early fall 

during the years 1992-1996 and 2001-2015 to estimate 

pelagic prey fish biomass in Lake Michigan. Midwater 

trawling during the surveys as well as target strength 

provided a measure of species and size composition of the 

fish community for use in scaling acoustic data and 

providing species-specific abundance estimates. The 2015 

survey consisted of 27 acoustic transects (580 km total) and 

31 midwater trawl tows. Four additional transects were 

sampled in Green Bay but were not included in lakewide 

estimates. Mean prey fish biomass was 4.2 kg/ha [20.3 

kilotonnes (kt = 1,000 metric tons)], equivalent to 44.8 

million pounds, which was 36% lower than in 2014 (31.7 

 

kt) and 17% of the long-term (20 years) mean. The numeric 

density of the 2015 alewife year class was 25% of the time 

series average and nearly 9 times the 2014 density. This 

year-class contributed 8% of total alewife biomass (3.4 

kg/ha). In 2015, alewife comprised 82.5% of total prey fish 

biomass, while rainbow smelt and bloater were <1% and 

16.9% of total biomass, respectively. Rainbow smelt 

biomass in 2015 (0.02 kg/ha) was 74% lower than in 2014, 

<1% of the long-term mean, and lower than in any previous 

year. Bloater biomass in 2015 was 0.7 kg/ha and 8% of the 

long-term mean. Mean density of small bloater in 2015 

(489 fish/ha) was slightly lower than peak values observed 

in 2008-2009 but was more than three times the time series 

mean (142 fish/ha). 
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Introduction 
Alewives are the primary prey in Lake Michigan and of 

especial importance to introduced salmonines in the Great 

Lakes, however they are also predators of larval fish and 

are tied to thiamine deficiencies that contribute to 

recruitment bottlenecks in native fishes including lake trout. 

As such, alewives constitute an important component of the 

food-web. In particular, bottom trawls provide particularly 

biased estimates for age-0 alewives based on catchability 

estimates from stock assessment. Much of the alewife 

biomass will not be recruited to bottom trawls until age-3, 

but significant predation by salmonines may occur on 

alewives ≤ age-2. 

 

Because of the ability of acoustic equipment to count 

organisms far above bottom, this type of sampling is ideal 

for highly pelagic fish like age-0 alewives, rainbow smelt, 

and bloater and is a valuable complement to bottom trawl 

sampling. Further, these two long-term surveys have 

enabled the development of a stock assessment model for 

alewife. 

 

The 2015 acoustic survey of Lake Michigan was conducted 

by USGS, USFWS, and MDNR. The main basin sampling 

consisted of 28 transects (Fig 1) for a total transect distance 

of 580 km, which was similar to the sampling distance in 

Lake Huron in 2015. 

 

 
 
Fig 1. Map of the 2015 acoustic survey track (left panel), 

the 2013-2015 surveys (center panel), and the 2004-2015 

acoustic survey tracks (right panel). 

 
Alewife 

The numeric density of the 2015 alewife year-class in 2015 

was more than 8 times higher than the density of the 2014 

year-class in 2014. At 277 fish/ha, the 2015 estimate was 

25% of the long-term mean. While well below average, the 

numeric density of age-0 alewife in 2015 was the highest 

since 2012. The biomass density of age-1 or older alewife  

 

was 3.2 kg/ha (Fig 2), which was 32% of the long-term 

mean of 10 kg/ha and 32% lower than biomass density in 

2014. The biomass of alewife ≥ age- 1 was predominantly 

the 2012 (48%), 2011 (19%), 2013 (17%), and 2010 year-

classes (15%), respectively. The acoustic biomass density 

estimate for age-1 or older alewife (3.2 kg/ha) was nearly 

23 times the bottom trawl estimate (0.14 kg/ha) in 2015 and 

over the time series (years in which both surveys took 

place), the acoustic estimates have been 5.5 times the 

bottom trawl estimates. Although we observed lower than 

average density of alewife in Lake Michigan, the density is 

still much higher than the density of alewife in Lake Huron, 

as no alewife were caught during the Lake Huron acoustic 

survey and only 30 caught in the Lake Huron bottom trawl 

survey. 

 

 
Fig 2- Biomass density of age-1 or older alewife  

in Lake Michigan during 1992-1996 and 2001-2016  

 
Rainbow smelt 

At 35 fish/ha, numeric density of small rainbow smelt (<90 

mm) in 2015 (Fig 3) was the third lowest in the time series 

(the lowest was 2002). This density was 17% of the time 

series mean of 205 fish/ha. Similarly, at 0.008 kg/ha, 

biomass density of large rainbow smelt (≥90 mm) was the 

lowest in the 20 year survey time series and was <1% of the 

time series mean, indicating that smelt biomass remains low 

relative to the early years of the acoustic survey (1992-

1996). Even though acoustic biomass density estimates of 

large smelt have always exceeded bottom trawl estimates, 

both surveys show there has been an order of magnitude 

decrease from 1992-1996 to 2001-2014. In addition to 

highlighting the large decline in rainbow smelt biomass in 

Lake Michigan, data from recent years provide strong 

evidence that biomass density in Lake Michigan is lower 

than in Lake Huron, where the 2014 acoustic estimate of 

large rainbow smelt biomass density was 34 times that in 

Lake Michigan. 
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Fig 3- Biomass density of large rainbow smelt in 

 Lake Michigan during 1992-1996 and 2001-2015.  

 
Bloater 

Densities of both small and large bloater have been≥ 

variable in 2001-2015. Mean numeric density of small 

bloater in 2015 (468 fish/ha) was 3.4 times the time series 

mean of 142 fish/ha (Fig 4). Biomass density of large 

bloater in 2015 was 0.7 kg/ha, which was only 34% of the 

2014 value, 7% of the time series mean, and 2% of the 

mean in 1992-1996. Bloater biomass has been only 16% of 

total prey fish biomass density in 2001-2015, on average. 

This is in contrast to the 1992-1996 period, when bloater 

made up 48% of total prey fish biomass density. For much 

of the acoustic time series (1992- 2006), estimates of 

biomass density of large bloater were lower than estimates 

from the bottom trawl survey. From 2007-2014, acoustic 

estimates have been nearly five times bottom trawl 

estimates, on average but in 2015, the estimates were 

similar suggested that the continued decrease in bottom 

trawl biomass density of bloater might be the result of a 

shift in bloater bathymetric distribution to depths that are 

now deeper than the bottom trawl sampling. Support for 

this conclusion includes the fact that bloaters have shown 

plasticity in bottom depths occupied, with an increase from 

the 1930s to 2004-2007 as well as observations from 

commercial fishermen that the depth at which they capture 

bloaters has increased. 

 

DISCUSSION 
The results of the 2015 Lake Michigan acoustic survey 

indicate continued variability in alewife recruitment, 

persistently low biomass of rainbow smelt and bloater, and 

continued low abundance of native species. Peak alewife 

biomass occurred in 1995 and 1996 (≈40 kg/ha), and the 

two highest values during 2001-2015 were only half as high 

as in 1995-1996. Total prey fish biomass in 2014 was the 

lowest observed in the acoustic survey. Total pelagic fish 

biomass in Lake Michigan (4.2 kg/ha) was lower than in 

Lake Huron in 2014 (9.5 kg/ha) but similar to Lake 

Superior in 2011 (6.8 kg/ha). 

 

 
Fig 4- Biomass density of large bloater, 1992-2015 in 

Lake Michigan 

 
While our highest alewife and rainbow smelt catches and 

catch-per-unit-effort with midwater tows generally occur 

near the thermocline in Lake Michigan, it is possible that 

some are located in the top 4 m and can’t be captured with 

trawls because the ship displaces this water and the fish. 

 

We are less concerned with bias in alewife and rainbow 

smelt densities attributable to ineffective acoustic sampling 

of the bottom because of their pelagic distribution at night, 

when our sampling occurs. In Lake Michigan, day-night 

bottom trawling was conducted at numerous locations and 

depths in 1987, with day and night tows occurring on the 

same day. These data indicate that night bottom trawl 

estimates of alewife density in August/September 1987 

were only 6% of day estimates. Similarly, night bottom 

trawl estimates of rainbow smelt density were ≈ 6% of day 

estimates. However, bloaters tend to be more demersal; in 

Lake Superior, night acoustic/midwater trawl sampling may 

detect only 60% of bloater present. The day-night bottom 

trawl data from Lake Michigan in 1987 suggested that the 

availability of bloater to acoustic sampling at night was 

somewhat higher (mean = 76%, D. M. Warner, unpublished 

data). Slimy sculpins and deepwater sculpins are poorly 

sampled acoustically and we must rely on bottom trawl 

estimates for these species. We also assumed that our 

midwater trawling provided accurate estimates of species 

and size composition. Based on the relationship between 

trawling effort and uncertainty in species proportions 

observed, this assumption was likely reasonable. 

 

We made additional assumptions about acoustic data not 

described above. For example, we assumed that all targets 

below 40 m with mean TS > -45 dB were bloater. It is 

possible that this resulted in a slight underestimation of  
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rainbow smelt density. We also assumed that conditions 

were suitable for use of in situ TS to estimate fish density, 

which could also lead to biased results if conditions are not 

suitable for measuring TS and biased TS estimates are used. 

However, we used the Nv index to identify areas where bias 

was likely. We assumed that noise levels did not contribute 

significantly to echo integration data and did not preclude 

detection of key organisms. This assumption was supported 

by our estimates of noise. Detection limits were such that 

the smallest fish were detectable well below the depths they 

typically occupy. Finally, we have assumed that the 

estimates of abundance and biomass are relative and do not 

represent absolute measures. This assumption is supported 

by recent estimates of catchability derived from a 

multispecies age structured stock assessment model. 

 

Prey fish biomass in Lake Michigan remains at levels much 

lower than in the 1990s, and the estimate of total lakewide 

biomass (20.4 kt) from acoustic sampling was the lowest in 

the time series. This is in contrast to 2008-2010, when 

biomass was relatively high (but still lower than in the 

1990s). The recent decline, resulting primarily from 

decreased alewife biomass, demonstrates the dynamic 

nature of the pelagic fish community in Lake Michigan. 

The large difference between prey fish biomass in the 

1990s and the 2000s resulted primarily from a decrease in 

large bloater abundance, but alewife and rainbow smelt 

declined as well. Bloater densities showed an increasing 

trend 2001-2009, driven primarily by increases in small 

bloater. A similar pattern was observed in Lake Huron, but 

only in Lake Huron has there been any evidence of 

increased abundance resulting from recruitment to larger 

sizes, as bottom trawl estimates of large bloater density 

have increased in recent years in Lake Huron but not in 

Lake Michigan. Alewife were the dominant component of 

pelagic prey fish biomass in 2015. Limited recruitment of 

small bloater, numerical dominance of alewife, along with 

the continued absence of other native species, suggests that  

little progress is being made toward meeting the Fish 

Community Objective of maintaining a diverse planktivore 

community, particularly relative to historical diversity.  

Bloater and emerald shiner were historically important 

species, but bloater currently exist at low biomass levels 

and emerald shiner have not been captured in Lake 

Michigan by GLSC surveys since 1962. Similarly, kiyi are 

absent from offshore regions of Lake Michigan, which is in 

stark contrast to Lake Superior, where Yule et al. found kiyi 

to be the most numerous species in 2011. As a result, large 

areas of Lake Michigan which were formerly occupied by 

kiyi are now devoid of fish, and movement of energy and 

nutrients through diel vertical migration has essentially 

disappeared. In Lake Huron, collapse of the alewife 

population in 2003-2004 was followed by resurgence in 

emerald shiner abundance in 2005-2006 and by increased 

abundance of cisco. Given evidence from acoustic surveys 

from lakes Michigan and Huron, it appears that emerald 

shiners are suppressed by all but the lowest levels of 

alewife abundance. 

 

While it is clear that abundance patterns for alewife have 

been driven in large part by continued high predation 

pressure, it is not clear what led to the drastic decline in 

bloater abundance from the 1980s to present. Recent stock-

recruit modeling for bloater in Lakes Michigan and Huron 

indicated that bloater sex ratio and alewife abundance were 

related to recruitment. It is also possible that predation on 

small bloater by salmonines could be an important limit to 

recruitment at times as these small fish are found in the 

same location as alewife and at times can be important to 

some predators. Both Lake Michigan surveys suggest that 

recruitment in Lake Michigan is much more limited than in 

Lake Huron, where high densities of small bloater in 2007-

2008 preceded increases in the abundance of larger bloater. 

However, the increase in biomass of large bloater in 2014 

may be a sign that recruitment has improved over the past 

few years.  

 

 

 

 

 

 

Status and Trends of Prey Fish Populations in Lake Michigan, 2015 

Abstract  
The U.S. Geological Survey Great Lakes Science Center 

has conducted lake-wide surveys of the fish community in 

Lake Michigan each fall since 1973 using standard 12-m 

bottom trawls towed along contour at depths of 9 to 110 m 

at each of seven index transects.  The resulting data on 

abundance, size and age structure, and condition of 

individual fishes are used to estimate various population 

parameters that are in turn used by state and tribal agencies 

in managing Lake Michigan fish stocks.  All seven 

established index transects of the survey were completed in 

2015.  The survey provides abundance and biomass 

estimates between the 5-m and 114-m depth contours of the 

lake for prey fish populations, as well as burbot, yellow 

perch, and the introduced dreissenid mussels.  Lake-wide 

biomass of alewives in 2015 was estimated at 0.5 

kilotonnes (kt, 1 kt = 1000 metric tonnes), which was a 

record low.  Age distribution of alewives remained 

truncated with no alewife exceeding an age of 6.  Record 

low biomass was also recorded for slimy sculpin (0.05 kt), 

deepwater sculpin (0.4 kt) and ninespine stickleback (0.001 

kt).  Bloater biomass increased ninefold from 0.3 kt in 2014 
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to 2.8 kt in 2015.  Round goby biomass decreased from 2.0 

kt in 2014 to 0.3 kt in 2015.  Rainbow smelt biomass was 

estimated at 0.06 kt in 2015.  Burbot lake-wide biomass 

(0.5 kt in 2015) has remained below 3 kt since 2001.  Age-0 

yellow perch abundance was estimated to be 0.3 fish per ha, 

which is indicative of a weak year-class.  Lake-wide 

biomass estimate of dreissenid mussels in 2015 was 2.4 kt.  

Overall, the total lake-wide prey fish biomass estimate (sum 

of alewife, bloater, rainbow smelt, deepwater sculpin, slimy 

sculpin, round goby, and ninespine stickleback) in 2015 

was 4.0 kt, a record low.  In 2015, bloater and deepwater 

sculpin, two native fishes, constituted over 78% of this 

total.  

 

 
Fig 1- Sampling locations for GLSC bottom trawl 

 

The U.S. Geological Survey Great Lakes Science Center 

has conducted daytime bottom trawl surveys in Lake 

Michigan during the fall annually since 1973.  From these 

surveys, the relative abundance of the prey fish populations 

are measured, and estimates of lake-wide biomass available 

to the bottom trawls (for the region of the main basin 

between the 5-m and 114-m depth contours) can be 

generated.  Such estimates are critical to fisheries managers 

making decisions on stocking and harvest rates of 

salmonines and allowable harvests of fish by commercial 

fishing operations.   

 

Ages were estimated for alewives, using otoliths) and 

bloaters, using scales, from our bottom trawl catches.  Our 

surveys are situated off Manistique, Frankfort, Ludington, 

and Saugatuck, Michigan; Waukegan, Illinois; and Port 

Washington and Sturgeon Bay, Wisconsin (Fig 1).  All 

seven transects were completed in 2015. 

 

Alewife 

Since its establishment in the 1950s, the alewife has 

become a key member of the fish community.  As a larval 

predator, adult alewife can depress recruitment of native 

fishes, including burbot, deepwater sculpin, emerald shiner, 

lake trout, and yellow perch.  Additionally, alewife has 

remained the most important constituent of salmonine diet 

in Lake Michigan for the last 45 years.  Most of the 

alewives consumed by salmonines in Lake Michigan are 

eaten by Chinook salmon.  A commercial harvest was 

established in Wisconsin waters of Lake Michigan in the 

1960s to make use of the then extremely abundant alewife 

that had become a nuisance and health hazard along the 

lakeshore.  Lake Michigan currently has no commercial 

fishery for alewives. 

 

According to the bottom trawl survey results, adult alewife 

biomass and numeric density equaled 0.14 kg per ha in 

2015, a record low (Fig 2).   

 

This continued depression of adult alewife abundance likely 

reflects an intensified amount of predation exerted on the 

alewife population by salmonines since the late 1990s due 

to six factors:  (1) a relatively high percentage of wild 

Chinook salmon in Lake Michigan (averaging 50% age-1 

individuals between 2006-2010), (2) increased migration of 

Chinook salmon from Lake Huron in search of alewive, (3) 

increased importance of alewives in the diet of Chinook 

salmon in Lake Michigan between the mid-1990s and the 

2000s, (4) a decrease in the energy density of adult 

alewives during the late 1990s, a reduction in the effects of 

bacterial kidney disease on Chinook salmon survival after 

2003, and (6) a recent increase in lake trout abundance due 

to increased rates of stocking and natural reproduction.  The 

long-term temporal trends in adult alewife biomass, as well 

as in alewife recruitment to age 3, in Lake Michigan are 

attributable to consumption of alewives by salmonines. 

 

 

Fig 2-Density of adult alewives as biomass, 1973-2015 
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In 2015, 53% of the adult alewives were age-3 (2012 year-

class) fish, while age-2 (2013 year-class), age-5 (2010 year-

class), and age-4 (2011 year-class) fish represented 21%, 

14%, and 11%, respectively, of the adult alewives (Fig 3).  

Only 1% of the adult alewives were age-6 fish, and no 

alewives older than age 6 were caught.  Thus, the recent 

trend of age truncation in the alewife population continued 

through 2015.  Prior to 2008, age-8 alewives were routinely 

captured. 

 

Our results for temporal trends in adult alewife density 

were in general agreement with results from the lake-wide 

acoustic survey, which indicated that biomass of adult 

alewife during 2004-2015 was relatively low compared 

with biomass during 1994-1996.  For adult alewife biomass 

density, the acoustic estimate exceeded the bottom trawl 

estimate by a factor of 2.4, on average.  However, in 2015, 

the acoustic estimate (3.16 kg per ha) was more than 20 

times greater than the bottom trawl estimate (0.14 kg per 

ha), although both estimates indicated low biomass of adult 

alewives.  Bottom trawl survey results indicated a 68% 

decrease in adult alewife biomass density between 2014 and 

2015, while acoustic survey results indicated a 32% 

decrease in adult alewife biomass density between 2014 and 

2015.  

 

 
Fig 3-Age-length distribution of alewives ≥ 100 mm total 

length caught in bottom trawls, 2015.  No alewives < 100 

mm total length were captured in the bottom trawl 

survey during 2015. 

 

Bloater 

Bloaters are eaten by salmonines in Lake Michigan, but are 

far less prevalent in salmonine diets than alewives.  For 

Chinook salmon, the importance of bloater (by wet weight) 

in the diets has declined between 1994-1995 and 2009-

2010.  The bloater population in Lake Michigan also 

supports a valuable commercial fishery, although its yield 

has generally been declining since the late 1990s. Adult  

bloater biomass density in our survey has been < 10 kg per 

ha since 1999 (Fig 4).  In 2015, bloater biomass equaled 

0.78 kg per ha.  Numeric density of age-0 bloaters (< 120 

mm TL) was 1 fish per ha in 2015, suggesting continued 

poor bloater recruitment, aside from 2005, 2008, and 2009 

when age-0 bloater abundance exceeded 25 fish per ha.  

The exact mechanisms underlying the relatively poor 

bloater recruitment since 1992 (Fig 4), and the low biomass 

of adult bloater since 2007 (Fig 4), remain unknown.   

 

An important consideration when interpreting the bottom 

trawl survey results is that bloater catchability may have 

decreased in recent years, in response to the proliferation of 

quagga mussels and the associated increased water clarity 

and decreased Diporeia spp. densities.  An hypothesis is 

that the bloater population remains largely within our 

sampling area, but bloaters (both age-0 and adult) are less 

vulnerable to our bottom trawls either owing to behavioral 

changes (more pelagic during the day) or increased ability 

to avoid the net while on the bottom (due to clearer water).  

 

A comparison of the two surveys revealed that the bloater 

biomass estimate from the bottom trawl survey was 79% 

higher, on average, than that from the acoustic survey 

during 1992-2006.  Since 2007, however, the biomass 

estimate for the acoustic survey was 57% higher, on 

average, than that for the bottom trawl survey.  

Nonetheless, the adult bloater biomass density estimate for 

the bottom trawl survey (0.78 kg per ha) exceeded that for 

the acoustic survey (0.60 kg per ha) in 2015.  Results from 

both surveys indicated that age-0 bloater abundance 

increased between the 1992-1996 and 2005-2015 periods.  

However, whereas both surveys yielded similar estimates of 

age-0 bloater abundance during 1992-1996, acoustic survey 

estimates of age-0 bloater abundance averaged more than 

20 times higher than those from the bottom trawl survey 

during 2005-2015.  One plausible explanation for these 

inconsistent relative differences in results between the two 

surveys over time is that bloater catchability with the 

bottom trawl survey decreased sometime during the 2000s.  

 

 
Fig 4-Biomass of adult bloater in Lake Michigan,  

1973-2015 

 

  



14 Great Lakes Basin Report 

Rainbow smelt 

Adult rainbow smelt have been an important part of the diet 

for intermediate-sized (400 to 600 mm) lake trout in the 

nearshore waters of Lake Michigan. For Chinook salmon, 

rainbow smelt comprised as much as 18% in the diets of 

small individuals in 1994-1996, but that dropped 

precipitously to 2% in 2009-2010 and rainbow smelt has 

been consistently rare in the diets of larger Chinook salmon 

since 1994. The rainbow smelt population supports 

commercial fisheries in Wisconsin and Michigan waters. 

 

Adult rainbow smelt biomass density has remained at low 

levels since 2001, aside from a relatively high estimate in 

2005 (Fig 5).  Biomass density in 2015 equaled a record-

low 0.0001 kg per ha.  Age-0 rainbow smelt numeric 

density has been highly variable since 1999, but equaled 

only 23 fish per ha in 2015.  Causes for the general decline 

in rainbow smelt biomass and production remain unclear. A 

recent analysis of our time series suggested that the 

productivity of the population has actually increased since 

2000 (relative to 1982-1999), yet those recruits do not 

appear to be surviving to the adult population. 

 

A comparison of the two surveys revealed that the rainbow 

smelt biomass estimate from the acoustic survey always 

exceeds that of the bottom trawl survey, on average by a 

factor of 5.  This difference is not surprising given that 

rainbow smelt tend to be more pelagic than other prey 

species during the day.  In 2015, the estimate for the 

acoustic survey was 84 times greater than that of the bottom 

trawl survey.  Just as the case for the bottom trawl 

estimates, biomass density also reached a record low in 

2015 for the acoustic estimates.  The two surveys detected 

similar temporal trends, with adult rainbow smelt attaining 

biomass densities an order of magnitude higher during 

1992-1996 than during 2001-2014 for both surveys.   

 

 
Fig 5-Density of adult smelt in Lake Michigan, 1973-

2015 
 

Sculpins 

From a biomass perspective, the cottid populations in Lake 

Michigan have been dominated by deepwater sculpins, and 

to a lesser degree, slimy sculpins. Spoonhead sculpins, once 

fairly common, suffered declines to become rare to absent 

by the mid-1970s.  Spoonhead sculpins were encountered in 

small numbers in our survey between 1990 and 1999, but 

have not been sampled since 1999. 

 

Deepwater sculpin 
Deepwater sculpin biomass density in 2015 was at a record-

low 0.11 kg per ha (Fig. 6a).  For every year since 2009, 

this biomass estimate has reached a record low.  Previous 

analysis of the time series indicated deepwater sculpin 

density is negatively influenced by alewife (predation on 

sculpin larvae) and burbot (predation on juvenile and adult 

sculpin.  Based on bottom trawl survey results, neither 

alewife nor burbot significantly increased in abundance 

during 2007-2015 to account for this decline in deepwater 

sculpins.  Following no clear trend between 1990 and 2005, 

the biomass of deepwater sculpin sampled in the bottom 

trawl has declined precipitously since 2005.   

 

 
Fig 6a-Density of deepwater sculpin, 1973-2015  

 

Slimy sculpin 

Slimy sculpin is a favored prey of juvenile lake trout in 

nearshore regions of the lake, but is only a minor part of 

adult lake trout diets.  When abundant, deepwater sculpin 

can be an important diet constituent for burbot in Lake 

Michigan, especially in deeper waters.  Slimy sculpin 

biomass density has continued to decline over the past six 

years, reaching a record-low 0.01 kg per ha in 2015. The 

slimy sculpin decline since 2009 coincided with a 

substantial increase in the rate of stocking juvenile lake 

trout into Lake Michigan and an increase in natural 

reproduction by lake trout. 

 

 
Fig 6b-Density of slimy sculpin, 1973-2015  



Great Lakes Basin Report 15 

Ninespine stickleback  

 Two stickleback species occur in Lake Michigan.  

Ninespine stickleback is native, whereas threespine 

stickleback is non-native and was first collected in the 

GLSC bottom trawl survey during 1984, but has been 

extremely rare in recent sampling years.  Biomass density 

of ninespine stickleback in 2015 was only 0.2 g per ha, a 

record low.  Since 2008, biomass has been maintained at or 

near record-low levels.  One plausible explanation for the 

low ninespine stickleback abundance during 2008-2015 is 

that piscivores began to incorporate ninespine sticklebacks 

into their diets as the abundance of alewives has remained 

at a low level.  

 

Round goby 

The round goby is an invader from the Black and Caspian 

Seas.  Round gobies have been observed in bays and 

harbors of Lake Michigan since 1993, and were captured in 

the southern main basin of the lake as early as 1997.  By 

2002, round gobies had become an integral component of 

yellow perch diets at nearshore sites (i.e., < 15 m depth) in 

southern Lake Michigan.  Recent studies have revealed 

round gobies are an important constituent of the diets of 

Lake Michigan burbot, yellow perch, smallmouth bass, lake 

trout and even lake whitefish.    

 

Round goby biomass density equaled 0.07 kg per ha in 

2015 (Fig 7).  Round goby abundance in Lake Michigan 

appears to be leveling off, or perhaps even declining, in 

response to control by piscivores.   

 

 
Fig 7-Density of round goby, 1973-2015 

 

LAKE-WIDE BIOMASS 
We estimated a total lake-wide biomass of prey fish 

available to the bottom trawl in 2015 of 4 kilotonnes (kt) (1 

kt = 1000 metric tons) (Fig 8a).  Total prey fish biomass 

was the sum of the population biomass estimates for 

alewife, bloater, rainbow smelt, deepwater sculpin, slimy 

sculpin, ninespine stickleback, and round goby.  Total prey 

fish biomass in Lake Michigan has trended downward since 

1989, primarily due to a dramatic decrease in bloater 

biomass (Fig 8a).  Total biomass first dropped below 30 kt 

in 2007, and has since remained below that level with the 

exception of 2013 (when the biomass estimates for alewife 

and round goby were highly uncertain). 

 

As Fig 8b depicts, the 2015 prey fish biomass was 

apportioned as: bloater 68.9% (2.78 kt), alewife 12.2% 

(0.49 kt), deepwater sculpin 9.6% (0.39 kt), round goby 

6.4% (0.26 kt), rainbow smelt 1.6% (0.06 kt), slimy sculpin 

1.3% (0.05 kt), and ninespine stickleback 0.02% (0.001 kt). 

 

 

 

 
 

 
Fig 8-Lakewide (5-114 m depth region) biomass of prey 

fishes in Lake Michigan, 1973-2015 (a) and species 

composition in 2015 (b). 

 

OTHER SPECIES OF INTEREST 
Burbot 

Burbot and lake trout represent the native top predators in 

Lake Michigan.  The decline in burbot abundance in Lake 

Michigan during the 1950s has been attributed to sea 

lamprey predation.  Sea lamprey control was a necessary 

condition for recovery of burbot in Lake Michigan, 

however a reduction in alewife abundance was an 

additional prerequisite for burbot recovery. 

 

Age-0 yellow perch 

The yellow perch population in Lake Michigan has 

supported valuable recreational and commercial fisheries.  

GLSC bottom trawl surveys provide an index of age-0 

yellow perch numeric density, which serves as an indication 

of yellow perch recruitment success.  The 2005 year-class 
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of yellow perch was the largest ever recorded (Fig 9) and 

the 2009 and 2010 year-classes also were higher than 

average.  In 2015, age-0 yellow perch abundance was only 

0.3 fish per ha, which is indicative of a weak year-class. 

 

 
Fig 9 Numeric density of age-0 yellow perch, 1973-2015 
 

Dreissenid mussels 

The first zebra mussel noted in Lake Michigan was found in 

May 1988 in Indiana Harbor at Gary, Indiana.  By 1990, 

adult mussels had been found at multiple sites in the 

Chicago area, and by 1992 were reported to range along the 

eastern and western shoreline in the southern two-thirds of 

the lake, as well as in Green Bay and Grand Traverse Bay.  

In 1999, catches of dreissenid mussels in our bottom trawls 

became significant and we began recording biomass for 

each tow.  Lake Michigan dreissenid mussels include two 

species:  the zebra mussel and the quagga mussel.   

 

 
Fig 10 - Biomass density of dreissenid mussels in the 

bottom trawl between 1999 and 2015.  

 

The quagga mussel is a more recent invader to Lake 

Michigan than the zebra mussel.  According to the GLSC 

bottom trawl survey, biomass density of dreissenid mussels 

was highest in 2007 (Fig 10), which followed an 

exponential like increase between 2004 and 2006.  The 

biomass density of dreissenid mussels in 2015 was 0.69 kg 

per ha, which was 90% lower than the 2014 biomass 

density of 6.79 kg per ha. Reasons for the drastic decline in 

dreissenid mussel biomass density between 2014 and 2015 

were not clearly evident.     

 

Over this same period of dreissenid mussel increases, prey 

fish biomass was declining, which led to a dramatic 

increase in the percentage of dreissenids in the total bottom 

trawl catch.  Some authors have attributed the recent 

decline in prey fish to food-web changes induced by the 

expansion of dreissenids.  However, the bulk of the decline 

in total prey fish biomass may be better explained by 

factors other than food-web-induced effects by dreissenids, 

including poor fish recruitment, shifts in fish habitat, and 

increased predation on prey fish by Chinook salmon and 

lake trout. 

 

A comparison of the biomass density of dreissenid mussels 

(0.69 kg per ha) with biomass density of all species of fish 

(1.37 kg per ha) caught in the bottom trawl in 2015 

indicated that 33% of the daytime benthic biomass available 

to the bottom trawl was dreissenid mussels.   

 

CONCLUSIONS 
Total prey fish biomass estimated by the bottom trawl has 

revealed a record-low number every year since 2010, with 

the exception of 2013 when locally high catches of alewife 

and round goby caused a relatively high estimate (e.g., 43 

kt) with high uncertainty.  In 2015, total prey fish biomass 

was estimated to be only 4 kt.  Prudently, we conclude that, 

based on the bottom trawl survey results, total prey fish 

biomass in Lake Michigan has remained at a low level since 

2007.   

 

This low level of prey fish biomass can be attributable to a 

suite of factors, two of which can be clearly identified:  (1) 

a prolonged period of poor bloater recruitment since 1992 

and (2) intensified predation on alewives by salmonines 

during the 2000s and 2010s.  Adult alewife density has 

been maintained at a relatively low level over the last 11 

years and the age distribution of the adult alewife 

population has become especially truncated in recent years.  

As recent as 2007, alewives as old as age 9 were sampled in 

this survey, whereas the oldest alewife sampled in 2013-

2014 was age 5 and the oldest alewife sampled in 2015 was 

age 6.   

 

In addition to the importance of top-down forces, prey 

fishes also may be negatively influenced by reduced prey 

resources (i.e., “bottom-up” effects).  For example, several 

data sets are indicating a reduction in the base of the food-

web- particularly for offshore total phosphorus and 

phytoplankton- as a consequence of long-term declines in 

phosphorus inputs and the proliferation of dreissenid 

mussels.  Grazing of phytoplankton by dreissenid mussels 

appeared to be the primary driver of the 35% decline in 

primary production in offshore waters between the 1983-

1987 and 2007-2011 periods.  The evidence for declines in 

“fish food” in offshore waters of Lake Michigan is 

somewhat less clear.  Diporeia has undoubtedly declined in 

abundance, but whether or not crustacean zooplankton and 

mysids have declined depends on which data set is 

examined.  Crustacean zooplankton biomass density in 

nearshore waters appeared to decrease during 1998-2010, 
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likely due to a reduction in primary production mainly 

stemming from grazing of phytoplankton  by dreissenid 

mussels.  The above-mentioned decline in Diporeia 

abundance appeared to have led to reductions in growth, 

condition, and/or energy density of lake whitefish, 

alewives, bloaters, and deepwater sculpins during the 1990s 

and 2000s.  Of course, decreases in growth, condition, and 

energy density do not necessarily cause declines in fish 

abundance.  The challenge remains to quantify bottom-up 

effects on prey fish abundances and biomasses in Lake 

Michigan.  Given the complexities of the food web, 

disentangling the effects of the dreissenid mussel invasions 

and the reduction in nutrient loadings from other factors 

influencing the Lake Michigan food web will require a 

substantial amount of ecological detective work.   

Whether or not the alewife population in Lake Michigan 

will undergo a complete collapse in coming years (similar 

to what occurred in Lake Huron) ultimately depends on the 

consumptive demand of the salmonines, and this estimate is 

based on many inputs (stocking rates, wild recruitment 

rates, immigration rates from Lake Huron).  Lake Michigan 

managers reduced Chinook salmon stocking lakewide by 

50% from 2012 baseline values beginning in 2013 to lower 

salmon consumption on alewives and try to maintain 

predator/prey balance.  In addition, alewife sustainability 

will depend on the ability of the alewife spawning stock to 

produce another strong year-class, which will at least 

partially depend on appropriate environmental conditions 

being met.  
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Harvest of Fishes from Lake Michigan during 2015 
 

List of Figures associated with Lakewide Harvest 
Figure 1 – Total Harvest of Fish by method from Lake Michigan, 1985 - 2015 

Figure 2 – Total Harvest of Benthivore Fishes from Lake Michigan, 1985 - 2015 

Figure 3 – Total Harvest of Salmonine Fishes from Lake Michigan, 1985 - 2015 

Figure 4 – Total Harvest of Inshore Fishes from Lake Michigan, 1985 - 2015 

Figure 5 – Total Harvest of selected Commercially Valuable Fish Species from Lake Michigan, 1985 - 2015 
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Summary of Lakewide Harvest for all agencies in pounds (including commercial, sport, 
Weir, assessment and incidental catch). 
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Sport Harvest for all State Agencies in 1000’s of pounds  
 

 

 
 

 
 
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Status of Yellow Perch in Lake Michigan 2015 

Adult Relative Abundance 
The data assembled were collected with either gill nets or 

bottom trawls (Figs 1 to 7). Generally, this information 

shows continuing low levels of adult yellow perch 

abundance in Lake Michigan. Some data series show 

relatively stable (but still low) levels over the past several 

years (Figs 1, 4), whereas others show a regular decline 

during this same time period (Figs 3, 5). Two data series 

documented slight increases from 2014 abundance (Figs 2, 

6). Data from common gear types (graded-mesh gill net) 

fished in all jurisdictions are presented in Fig 7; these index 

data show that current abundance remains well below the 

historically observed abundance of the late 1980s and early 

1990s. 

 

 
Fig 1- Adult yellow perch in Indiana waters 1975 –2015 

 

 
Fig 2- Adult yellow perch in Illinois waters, 1976– 2015 

 

 

 
Fig 3- Adult yellow in Wisconsin waters, 1986 – 2015 

 

 
Fig 4- Adult yellow perch in Green Bay, WI, 1978 – 2015 

 

 
Fig 5- Adult yellow perch in Bays de Noc, MI, 1989 – 2015 

 

 
Fig 6- Adult yellow perch at Grand Haven, Saugatuck, South 

Haven, and St. Joseph, MI, 1996 – 2015 

 

 
Fig 7- Yellow perch CPE from IL, WI, and MI; 1997-2014   
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Population Age Structure 
The yellow perch adult population age structure was 

determined by evaluating otoliths, opercles, or spines. The 

2012 year class was predominant in most areas of the lake, 

making up greater than 45% of the yellow perch population 

in Illinois waters and Green Bay, and greater than 60% in 

northern Lake Michigan / Bays de Noc. Significant 

contributions from 2010-2011 year classes were also 

observed. Additionally, significant contribution of the 2005 

year class was still apparent (60%) in Wisconsin waters of 

western Lake Michigan, although samples sizes for 2015 

collections were low. 

 

Recruitment 
Data collected using these traditional gears indicated 

increased (relative to 2014) production of young-of-year 

yellow perch occurred in all areas of Lake Michigan in 

2015. In some cases, these increases were particularly 

dramatic. For example, Ball State University recorded the 

second highest summer trawl catch of yellow perch for their 

32-y data series (Fig 9), and the Illinois DNR recorded their 

highest seine CPUE since sampling began in 1978 (Fig 10). 

However, recent observations of lack of production of YOY 

yellow perch have been just as consistent; indices of YOY 

yellow perch production have been at low levels in nearly 

all jurisdictions since 2011.  

 

The YPTG agreed to implement a lakewide summer 

“micromesh” gill net assessment (beginning in summer 

2007) to standardize assessment of young-of-year yellow 

perch production, especially in areas where standard trawl 

and seine surveys cannot be implemented. Preliminary 

evaluation of five years of data from this assessment were 

included in the 2012 report; this survey is continuing, and 

additional data analyses are ongoing. 

 

 

 
Fig 8- Density of age-0 yellow perch, lakewide,  

1973 – 2015) 

 

 
Fig 9- CPUE of YOY yellow perch from the Indiana 

waters, 1983 – 2015 

 

 
Fig 10- CPUE of YOY yellow perch from the Illinois 

waters, 1978 – 2015 

 

2016 Yellow Perch Regulations and Harvest 
Trends 
Sportfishing regulations: 

Illinois 

May 1 through June 15; closed to sportfishing for 

yellow perch 

Daily bag limit 15 fish 

Indiana 

No closed season for yellow perch 

Daily bag limit 15 fish 

Michigan 

No closed season for yellow perch 

Daily bag limit; 35 fish (south of the 45th parallel) / 50 

fish (north of 45th parallel 

and Grand Traverse Bays) 

Wisconsin (Lake Michigan) 

May 1 through June 15; closed to sportfishing for 

yellow perch 

Daily bag limit 5 fish 

Wisconsin (Green Bay) 

March 16 through May 19; closed to sportfishing for 

yellow perch 

Daily bag limit 15 fish 
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Commercial regulations: 

Illinois perch fishery remained closed 

Indiana perch fishery remained closed 

Michigan does not allow a commercial harvest (outside of 

1836 Treaty waters) 

Wisconsin perch fishery remained closed (outside of Green 

Bay, where quota for 2016 is 100,000 pounds) 

 

 

 

 
Fig 11- Lake Michigan lakewide harvest of yellow perch  

by commercial and recreational fisheries, 1985-2015 

 

 

 

 

2015 Lake Michigan Lake Trout Working Group Report 
This report provides a review on the progression of lake 

trout rehabilitation towards meeting the Salmonine Fish 

Community Objectives for Lake Michigan and the interim 

goal and evaluation objectives articulated in A Fisheries 

Management Implementation Strategy for the 

Rehabilitation of Lake Trout in Lake Michigan; we also 

include data describing lake trout stocking and mortality to 

portray the present state of progress towards lake trout 

rehabilitation. 

 
Evaluation of Attainment of Fish-Community 

Objectives  

Salmonine (Salmon and Trout) Objectives for 
Lake Michigan 
Harvest 

In 2015, total salmon and trout (SAT) harvest in Lake 

Michigan was 2.03 million kg, which is equal to only 75% 

of the 2.7 million kg specified in the FCO objectives (Fig 

1). However, since 2013 the total harvest of lake trout has 

met the lower-end range, >0.54 million kg, specified for 

lake trout harvest objectives; this harvest objective for lake 

trout was previously met from 1985-2001, and again in 

2013 – 2015. Since 2014 lake trout contributed to more 

than 20% of the SAT harvest, as they had throughout most 

of the 1990s.  

 

Natural Reproduction 

From the 2015 spring and fall gillnet assessment data, 45% 

of the lake trout captured in Illinois were wild origin 

(unclipped), 18 - 20% in WM4 and WM5, 7 – 13% in MM5 

– MM8 (Fig 2). Wild lake trout recoveries in MM3, Grand 

Traverse Bay (MM4), and Indiana were near the 3% 

marking error rate. Similar proportions of wild lake trout 

were reported within the Great Lakes Mass Marking 

Program sampling of the recreational fishery where nearly 

5,800 lake trout were examined in 2015. Substantial 

recoveries of wild lake trout were made in WM6 (24.9%), 

ILL (43.5%), MM8 (23.8%) and Indiana waters (18.0%); in 

Indiana and WM6 more intensive sampling was available in 

the recreational fishery than for assessment surveys 

 

 

 
Fig 1- Data reporting stations for Gillnet surveys 
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Fig 2- The percentage of SAT harvest comprised of 

lake trout; the horizontal gray line represents the 

upper range 25% specified in the FCO. 

 
Evaluation Of Attainment Of Interim Stocking Targets, 

Mortality Targets, and Implementation Strategy 

Evaluation Objectives  

Fish Stocking 
Stocking hatchery reared lake trout to achieve lake trout 

rehabilitation is the primary feature of the “Fisheries 

Management Implementation Strategy for the 

Rehabilitation of Lake Trout in Lake Michigan” (Strategy) 

approved by the Lake Michigan Committee in January 

2011. The maximum stocking target is 3.31 million 

yearlings and 550,000 fall fingerlings, or 3.53 million 

yearling equivalents where one fall fingerling = 0.4 yearling 

equivalents (Fig 3). The Committee adopted an interim 

stocking target when the strategy was approved not to 

exceed 2.74 million yearling equivalents until the Federal 

hatchery production is capable of achieving higher stocking 

rates and the Committee reaches consensus, informed by 

decision support tools and information, to increase stocking 

above 2.74 million equivalents. Nearly 2/3 of the fish 

stocked are targeted in first priority rehabilitation areas with 

rehabilitation as the primary objective. The remainder of 

the fish will be stocked in second priority rehabilitation 

areas with primary objectives being to support local fishing 

opportunities in addition to supporting rehabilitation. 

 

Since 2008, lake trout have been stocked in accordance to 

the Strategy and this has substantially increased the 

numbers of fish stocked in high priority rehabilitation areas. 

In 2015, Lake Michigan was stocked with 2.99 million lake 

trout yearlings and 455,000 fall fingerlings which equates 

to 3.17 million yearling equivalents; 98.4% of these 

originated from Federal hatcheries. Lean strains represented 

93% of all lake trout stocked while 206,000 Klondike Reef 

strain from Lake Superior were stocked at Northeast Reef 

within the Southern Refuge following a Strategy 

recommendation to introduce a deep-water morphotype to 

the underutilized deep-water habitats. Priority rehabilitation 

areas received 64.3% of the lake trout. Over 87% of the 

Federal lake trout were stocked in offshore waters using the 

M\V Spencer F. Baird.  

 

 
Fig 3- Histogram of the age-classes present among Mass 

Marking Program sampling of unclipped lake trout in the 

recreational fishery. A total of 842 of the 5,794 unclipped 

lake trout sampled in 2015 were aged from thin-sectioned  

otoliths. 

 

Lake Trout Mortality 
Tracking mortality experienced by Lake Michigan lake 

trout stocks is best accomplished by the stock assessment 

conducted for the sport and commercial fisheries within the 

1836 Treaty waters. Mortality estimated by application of 

stock assessment models is partitioned into natural 

mortality, lamprey induced mortality, and fishing (both 

sport and commercial) mortality. The Strategy requires 

management agencies to “adjust local harvest regulations if 

appropriate when mortality rates exceed target levels”, and 

the target annual mortality rate has been set equal to 40%. 

 

In northern Lake Michigan, total mortality rates for lake 

trout ages 6-11 have exceeded the maximum targeted 

annual mortality rate of 40% since 1997 (Fig 4). 

Commercial fishing represented the predominant 

component of mortality rates in the late 1990’s though 2002 

and more recently from 2011 to present day. By 2000 the 

Manistique River dam failed as a lamprey barrier and 

subsequently lamprey numbers increased substantially. As a 

result, lamprey induced mortality was the primary source of 

mortality between 2003 and 2010.  

 

Since 2003 the Manistique River has been treated seven 

times which has effectively reduced abundance of lamprey 

in northern Lake Michigan and the mortality imposed on 

lake trout to a more manageable level. Lake trout mortality 

rates in the Southern Refuge priority area have not been 

estimated, but total annual mortality rates from the 

proximal waters of MM6\7 have been at or below 40% 

since 1999. Prior to 2003, recreational fishing was the main 

source of mortality in MM6\7, but with the reduction in 

overall recreational fishing effort since the 1990s, lamprey 
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induced mortality is now substantially greater than fishing 

mortality in MM6\7. 

 

 
 

 
Fig 4- Instantaneous mortality rates for lake trout ages 6-

11 in northern Lake Michigan and in MM6\7 waters 

proximal to the Southern Refuge. The black dashed line 

represents an instantaneous mortality rate of 0.51 that is 

equivalent to a 40% annual mortality rate. 

 

Evaluation Objective 1 
Increase the average catch-per-unit-effort (CPUE) to 

>25 lake trout 1000 feet of graded mesh gill net (2.5-6.0 

inch) over-night set lifted during spring assessments by 

2019.  

 

In 2015, 159 gillnet lifts were completed lakewide to 

measure spring lake trout abundance. This included at least 

6 lifts at each nearshore LWAP site except for Michigan 

City (n = 3 lifts). Increased effort was directed at the 

offshore reef complexes with 12 lifts on Northeast Reef in 

the Southern Refuge reef complex and 34 lifts at 6 reefs 

within the Northern Refuge reef complex. About 25% of 

the lifts stemmed from FIWS sampling that added 

additional effort to sites between Saugatuck and 

Manistique.  

 
Spring survey CPUEs for the first priority areas including 

the Northern Refuge reef complex, Southern Refuge reef 

complex, and Julian’s Reef, and second priority regions, all 

other areas, are shown in Figure 8. In the priority 

rehabilitation areas, lake trout CPUE remains below the 25  

fish per 1000’ benchmark. Spring survey CPUEs were at or 

near their highest values in the time series for the Northern 

Refuge reef complex (9.8 trout per 1000’), Little Traverse 

Bay including nearshore reefs of MM3 (12.7), and the 

northern waters of MM5 near Leland (15.1). All other areas 

of the lake, including the Southern Refuge (CPUE = 14.2) 

and Julian’s Reef\Waukegan region (CPUE = 11.8), have 

fluctuating CPUEs that are below the 25 fish benchmark 

with no strong evidence for any trend upward or downward. 

Interestingly both first priority areas in southern Lake 

Michigan had previously been above the benchmark, 

Julian’s Reef in 2005 and the Southern Refuge in 2012-13, 

yet CPUE in each area subsequently declined for unknown 

reasons. 

 

Evaluation Objective 2 
Increase the abundance of adults to a minimum catch-

per-unit-effort of 50 fish per 1000 feet of graded mesh 

gill net by 2019.  

 

In 2015, 54 spawner survey lifts from 9 regions were 

performed during October-November. Eastern Lake 

Michigan sites from Saugatuck north to Leland, except for 

Arcadia, were not surveyed in 2015. Fall CPUE in 2015 

was near or above the 50 fish benchmark in all surveyed 

regions except for the Northern Refuge complex reefs 

where spawner abundance has been increasing but has 

remained below the benchmark of 50 lake trout per 1000’. 

Spawner abundance at Northeast Reef in the Southern 

Refuge was roughly 3-fold higher (154 per 1000’) than that 

in other regions in the lake. 

 

Evaluation Objective 3 
Significant progress should be achieved towards 

attaining spawning populations that are at least 25% 

females and contain 10 or more age groups older than 

age-7 in first priority areas stocked prior to 2007. These 

milestones should be achieved by 2032 in areas stocked 

after 2008.  

 

Since 1998, the percentage of females captured during the 

fall spawner surveys has generally exceeded the 25% 

benchmark and has reached as high as 45% (Fig 10). Age 

compositions were only reported from the Northern Refuge, 

nearshore MM3 / Little Traverse Bay, Grand Traverse Bay, 

and Sturgeon Bay sites. Sturgeon Bay met the criteria with 

13 age-classes older than age 7, the oldest fish was aged at 

23 years, and there were a substantial proportion in the 15+ 

group, whereas spawning populations in northern sites were 

predominantly younger fish between 4-8 years (Fig 11). For 

the Southern Refuge and Julian’s Reef, the only age 

information available was from lake trout tagged with a 

coded wire tag (CWT). Of the CWT fish caught, 16 age-

classes older than age 7 with a maximum age of 26 years 

were recorded for the Southern Refuge, and 11 age-classes 

older than age 7 with a maximum age of 30 were recorded 

for Julian’s Reef. 
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Conclusions:  
Since 2013, lake trout harvest from Lake Michigan has 

partly met the specified Fish-Community Objectives, as 

lake trout annual harvest has exceeded 0.54 million kg. The 

majority of the lake trout harvest has been from northern 

Lake Michigan, where lake trout annual mortality still 

exceeds the 40% target level. In the Southern Refuge and at 

Julian’s Reef, the Strategy evaluation objectives have 

largely been met, as lake trout populations in these areas are 

characterized by high spawner densities, a diverse age 

structure including older age-classes, and an increasing 

trend in the proportion of wild fish. However these 

populations are not considered self-sustaining yet as they 

are still stocked and comprised of > 50% hatchery fish. 

Among northern populations, higher stocking rates in the 

northern priority area have resulted in increasing lake trout 

density. Recently, sea lamprey induced mortality rates in 

this northern priority area have declined as a result of 

intensive lamprey eradication efforts on the Manistique 

River since 2003. Progress toward lake trout rehabilitation 

in this northern priority area can be accelerated by a 

reduction in fishing mortality such that the mortality target 

level is attained.  

 

Fall spawner densities in the southern priority areas and 

western sites at Sturgeon Bay, Sheboygan, and Milwaukee 

have generally met or exceeded the 50 fish per 1000 feet 

benchmark since 2007, and recent natural reproduction is 

evident in each of the corresponding management units to 

varying degrees. Spawner densities at Arcadia (MM5) have 

also consistently exceeded the fall benchmark though 

evidence of natural reproduction is marginal with Great 

Lakes Mass Marking Program recoveries of wild fish just 

slightly above the 3% rate of marking error. Sites in 

 northern Lake Michigan, including Grand Traverse Bay, 

the Northern Refuge, Little Traverse Bay, and nearshore 

MM3 reefs, have shown increasing spawner densities, but 

to date these populations are relatively young and 

substantial production of wild fish has yet to be observed.  

 

The apparent onset of detectable and sustained natural 

reproduction by lake trout in Lake Michigan also coincided 

with reduced alewife abundance. A substantial increase in 

lake trout natural reproduction appeared to begin around 

2004. Alewife abundance in Lake Michigan in 2004 was at 

a reduced level, and abundance has continued to decline to 

the present time. Reduced densities of alewives can 

facilitate natural reproduction by lake trout through 

decreased potential for alewife predation on lake trout 

larvae. Continued declines in alewife densities since 2004 

were also weakly correlated with an increase in mean 

thiamine content within lake trout eggs, although by 2013 

egg thiamine concentrations have dropped below 4 nmol\g 

at selected sites in eastern and southern Lake Michigan. 

 

In summary, widespread recruitment of wild fish is now 

occurring in the southern priority rehabilitation area where 

evaluation objectives for spawner abundance, spawner age 

composition, percent spawning females, target mortality, 

and thiamine egg concentrations (in most years) have been 

achieved but not for spring abundance. Recruitment of wild 

fish, at a lesser scale, is now evident in mid-latitude 

management units, particularly on the western shore. We 

have shown that managing lake trout stocks to achieve the 

evaluation objectives provided in the Implementation 

Strategy remains an appropriate strategy to achieve 

progress toward lake trout rehabilitation in Lake Michigan. 

 

 

 

 

 

 

Sea Lamprey Control in Lake Michigan 2015 

This report outlines the actions undertaken during 2015 by 

Fisheries and Oceans Canada (Department) and the U.S. Fish 

and Wildlife Service (Service) as partners of the Great Lakes 

Fishery Commission to control Sea Lamprey populations in 

Lake Michigan.  

 

During 2015, the index of adult abundance in Lake Michigan 

was estimated to be 14,695 (95% CI; 13,985-16,492), which 

was less than the index target. The number of A1-A3 marks 

on Lake Trout from spring assessments in 2015 has not yet 

been analyzed. 

 

Lake Michigan has 511 tributaries. One hundred twenty-

eight tributaries have historical records of larval Sea 

Lamprey production, and of these, 91 tributaries have been 

treated with lampricides at least once during 2006-2015. 

Twenty-seven tributaries are treated every 3-5 years. Details 

on lampricide applications to Lake Michigan tributaries and 

lentic areas during 2015 are found in Fig 1.  

 

●Lampricide applications were conducted in 20 streams and 

3 lentic areas.  

 

●This was the second year of an expanded large-scale 

treatment strategy that targeted consecutive year treatments 

to remove residual Sea Lampreys in large producing streams 

in lakes Michigan and Huron. The Jordan, Manistee, Boyne, 

Paw Paw, and Sturgeon rivers and lentic areas offshore of the 

Jordan and Boyne rivers were included as part of this effort.  

 

●Significant rainfall during the Whitefish River treatment 

resulted in termination of the downstream portion of the 

treatment. The stream is scheduled for treatment again during 

2016.  
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●A special appropriation from the State of Wisconsin to 

enhance Sea Lamprey control in Wisconsin waters led to a 

consecutive treatment of the Peshtigo River and was intended 

to remove any residual Sea Lampreys from the 2014 

treatment.  

 

●Marblehead Creek was deferred due to insufficient stream 

discharge.  

 

●The mainstream of the Muskegon River was not treated in 

consecutive years based on results from post-treatment larval 

surveys that found few residual Sea Lampreys, while 

Bigelow Creek (Muskegon River tributary) was treated 

during both 2014 and 2015.  

 

●The Paw Paw River (St. Joseph River tributary) replaced 

the mainstream of the Muskegon River on the treatment 

schedule.  

 

●Hickory Creek (St. Joseph River tributary) was treated for 

the first time since 1965.  

 

●Allegan 5 and Salt (Burns Ditch tributary) creeks were 

treated for the first time.  

 

●Lacota Creek (Black River tributary) and the Rabbit River 

(Kalamazoo River tributary) were treated further upstream 

than the historical upper application points on each system.  

 

 
 

Fig 1- Location of tributaries treated with lampricides, 

2015 

 

Juvenile Trapping  
 

●Trapping for out-migrating juvenile Sea Lampreys was 

conducted in the Galien River during October-December. 

Fyke nets were set in the mainstream and captured 30 out-

migrating juveniles.  

 

Barriers 
 

The Commission has invested in 15 barriers on Lake 

Michigan. Of these, seven were purpose-built as Sea 

Lamprey control barriers and eight were constructed for 

other purposes, but have been modified to block Sea 

Lamprey migrations.  

 

Barrier Inventory and Project Selection System 

(BIPSS)  
● Field crews visited 97 structures on tributaries to Lake 

Michigan to assess Sea Lamprey blocking potential and to 

improve the information in the BIPSS database.  

 

Operation and Maintenance  
●Routine maintenance, spring start-up, and safety 

inspections were performed on seven barriers.  

 

Ensure Blockage to Sea Lamprey Migration  

 
●Boardman River – The Service worked with Traverse City 

Parks and Recreation Department to replace all stop logs in 

each section of the spillway during 2012. Surveys conducted 

upstream from the Union Street Dam during 2013-2015 

found no spawning activity or larval recruitment. The 

Service will continue to monitor for escapement upstream 

from the dam.  

 

●White River – During September 2012, the Service 

collaborated with the City of Hesperia, Department of Public 

Works to install new stop logs at the Hesperia Dam. No 

larval Sea Lampreys were collected above or below the dam 

during electrofishing surveys conducted during May 2015.  

 

●Grand River – The City of Grand Rapids along with several 

citizens groups are proposing to remove the 6th Street Dam 

on the Grand River to provide for more varied use of the 

downtown rapids area. The current plan calls for removal of 

the existing structure and the creation of an artificial rapids 

complex that can be used by kayakers and anglers. A new 

inflatable crest structure is proposed approximately one mile 

upstream of the current location. The Service and 

Department reviewed concept design plans of the proposed 

structure and continue to coordinate on the project .  

 

●Cedar River – Repairs to the Powers Dam were completed 

by Powers Township after the dam was breeched during 

spring 2014. Larval assessment surveys are planned for 2016 

upstream from the dam.  
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●Trail Creek - The Sea Lamprey barrier was inundated by 

high water during July, which created a large hole near the 

access gate to the site barrier. The hole was filled with 

several tons of stone.  

 

●The Service provided field support to Michigan State 

University researcher, Dr. Michael Wagner, to conduct EPA-

funded Sea Lamprey alarm substance field trials on the Carp 

Lake River Outlet. Alarm cue tests were conducted to 

determine whether trap efficacy could be increased by 

incorporating a naturally derived repellent (Sea Lamprey 

“alarm cue”) alongside a synthesized partial sex pheromone 

(3kPZS) during the spawning migration. Initial results 

suggest that application of the repellent may be effective in 

moving migrants into the vicinity of trap entrances when 

traps are sited at barriers.  

 

●Barrier removals/modification – Consultations to ensure 

blockage at barriers were conducted with partner agencies at 

22 sites in 14 streams.  

 

New Construction  
 

●Manistique River – The U.S. Army Corps of Engineers 

(USACE) is the lead agency administering a project to 

construct a Sea Lamprey barrier to replace a deteriorated 

structure in the Manistique River. Project partners include 

the Commission, Service, MIDNR, City of Manistique, and 

Manistique Papers, Inc. The existing Manistique Papers, Inc. 

Dam was identified as the most feasible site for a new 

barrier. The project remained on hold while the Michigan 

Department of Environmental Quality completed review of 

the permit and wetland mitigation requirements.  

 

●White River – The USACE is the lead agency on a project 

to construct a Sea Lamprey barrier on the White River. 

Project partners include the Commission, Service, and 

MIDNR. This project remained on hold due to fish passage 

concerns by the MIDNR.  

 

●Little Manistee River – The USACE is the lead agency on 

this project to replace the current dam at the MIDNR egg 

taking facility on the Little Manistee River. The current 

barrier height is insufficient to prevent Sea Lampreys from 

migrating upstream. The USACE is pursuing this project 

under the Great Lakes Fishery Ecosystem Restoration 

program and is currently preparing design plans for the 

project, which is scheduled to be completed during 2016. 

Service staff met during October 2015 with the USACE and 

MIDNR to discuss design of a new barrier.  

 

Larval Assessment 
 

●Larval assessment surveys were conducted on 121 

tributaries and 14 lentic areas. Surveys to estimate the 

abundance of larval Sea Lampreys were conducted in 20 

tributaries.  

 

●Surveys to detect the presence of new larval Sea Lamprey 

populations were conducted in 45 tributaries. A special 

appropriation from the State of Wisconsin to enhance Sea 

Lamprey control in Wisconsin waters led to additional 

surveys being conducted in 6 of these streams that had no 

history of infestation. No new Sea Lamprey infestations were 

discovered. The results of 22 gB surveys completed in the 

Fox River; Green Bay, Wisconsin, were also negative for Sea 

Lampreys.  

 

●Post-treatment assessments were conducted in 22 tributaries 

and 4 lentic areas to determine the effectiveness of 

lampricide treatments during 2014 and 2015.  

 

●Surveys to evaluate habitat and determine presence/absence 

of native or Sea Lampreys were conducted in the Root, Oak, 

and Menomonee (Milwaukee River tributary) rivers, 

upstream from the first Sea Lamprey barrier on each stream. 

These surveys were required to assess barrier removal 

requests. Larval habitat was limited and no lampreys were 

detected.  

 

●A two-year evaluation of larval and juvenile Sea Lamprey 

production potential was completed on Grand River 

tributaries upstream from the 6th Street Dam. The purpose of 

the work was to evaluate the production potential of Sea 

Lampreys upstream from critical barriers by quantitatively 

assessing larval habitat and native lamprey abundances as a 

surrogate for Sea Lampreys. Results from the 2014-2015 

study are pending.  

 

●Larval assessment surveys were conducted in non-wadable 

lentic and lotic areas using 33.2 kg (active ingredient) of gB.  

 

Juvenile Assessment 
 

●The number of A1-A3 marks on Lake Trout from fall 

assessments in 2015 were submitted this February and have 

yet to be analyzed.  

 

●Based on standardized fall assessment data, the marking 

rate during 2014 was 10.0 A1-A3 marks per 100 Lake Trout 

>532mm. The marking rate has been greater than the target 

of 5 per 100 Lake Trout for many of the previous 20 years, 

though it has been declining since 2006 (Fig. 2).  
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Fig 2- Average number of A1-A3 marks per 100 Lake 

Trout >532 mm from standardized fall assessments in 

Lake Michigan. The horizontal line represents the target 

of 5 A1-A3 marks per 100 Lake Trout. 

 

Adult Assessment  
 

●A total of 9,002 Sea Lampreys were trapped at 8 sites in 8 

tributaries (Table 1).  

 

●The index of adult Sea Lamprey abundance was 14,695 

(95% CI; 13,985-16,492), which was less than the target of 

24,874 (Fig. 3).  

 

●Adult Sea Lamprey migrations were monitored in the 

Boardman and Betsie rivers through a cooperative agreement 

with the Grand Traverse Band of Ottawa and Chippewa 

Indians.  

 

 
Fig 3- Index estimates with jackknifed ranges (vertical 

bars) of adult Sea Lampreys. The adult index in 2015 was 

15,000 with jackknifed range (14,000-16,000). The point 

estimate met the target of 25,000 (green horizontal line). 

The index target was estimated as 5/8.9 times the mean of 

indices (1995-1999). 
 

 

 

Table 1- Information collected regarding adult Sea Lamprey captured in assessment traps or nets in tributaries of Lake Michigan during 2015  
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