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This third of a series of annual special reports is a two-part summary of Lake Michigan. This lake committee report is from the 

annual Lake Committee meetings hosted by the Great Lakes Fishery Commission in March 2019. We encourage reproduction 

with the appropriate credit to the GLSFC and the agencies involved. Our thanks to IL DNR, IN DNR, MI DNR; USFWS; USGS 

and the many other DNR biologists who make this all happen, and also thanks to the staffs of the GLFC and USGS for their 

contributions to these science documents. Thanks also to the Great Lakes Fishery Commission, its staff, Bob Lamb & Marc 

Gaden, for their efforts in again convening and hosting the Lake Committee meetings in Ypsilanti, MI. 
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Highlights  
 Age distribution of alewives remained truncated with no alewife age exceeding 5 years 

 Bloater biomass was 2.60 kg/ha in 2018, unchanged from 2017, but still only 14% of the long-term average. 

 Round goby biomass was 1.25 kg/ha in 2018, the 3rd largest estimate in the time series 

 Rainbow smelt biomass was 0.45 kg/ha, the highest since 2006 but only 21% of the long-term average 

 Deepwater sculpin biomass was 1.30 kg/ha in 2018, the highest since 2007 but only 20% of the long-term average 

 Slimy sculpin biomass was only 0.07 kg/ha in 2018, similar to the very low levels since 2012 and only 17% of the long-term 

   average 

 Overall, the total prey fish biomass (sum of alewife, bloater, smelt, sculpins, slimy sculpin, and ninespine stickleback) in 2018 

   was 6.22 kg/ha, roughly 65% greater than in 2017 but still only 17% of the long-term average 
 Total biomass density has trended downward since 1989, primarily due to a dramatic decrease in bloater biomass 
 In 2018, no age-0 yellow perch were caught, indicating a weak year-class. 
 A total of 9.44 million salmonines were stocked into Lake Michigan in 2018, the lowest number stocked since 1972 

 In 2018, 1.64 million Chinook salmon were stocked, a 19% increase from 2017 

 0.89 million Brown Trout were stocked in 2018, a 12% decrease from 2017, a 44% and 29% decrease from the recent 5-year 

   mean 
 2.52 million Lake Trout yearlings were stocked in 2018, a 9% decrease from 2017, the lowest since 2004 

 1.98 million Rainbow trout were stocked in 2018, a 33% increase from the recent 5-year mean in Michigan waters 

 2.41 million Coho salmon were stocked in 2018, a 9% decrease from the total stocked in 2017 
 Lake whitefish Commercial harvest in Wisconsin waters was 1.23 million lbs in 2017, an increase of nearly 100,000 lbs. from 

   2016 
 555,000 eggs were taken from 510 Coho at the Root River weir in 2018 

 632,758 Chambers and 559,925 Ganaraska Rainbow Trout eggs were taken in April 2019 at the Root River weir 
 1.9 million eggs were taken from 3,866 Chinook Salmon at the Strawberry Creek Weir 

 A total of 690 (10.6%) of the 6,528 1ake trout were unclipped and presumed to be wild.  

 Wild fish accounted for 37% of lake trout in Illinois waters 

 Widespread recruitment of wild fish is now occurring in the southern Lake Michigan where objectives for spawner abundance, 

   age composition, percent spawning females, and thiamine egg concentrations have generally been achieved  

 No live bighead or silver carp were found in any new locations immediately downstream of the electronic barrier 
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Abbreviation Expansion 

CPH   Catch per hectare 

CWT   Coded Wire Tag 

LMC   Lake Michigan Committee 

KT    1,000 metric tons 

MDNR   MI Dept. of Natural Resources 

SLCP   Sea Lamprey Control Program 

USFWS   U.S. Fish and Wildlife Service 

WTG   Walleye Task Group 

YAO   Age 1 and older 

YOY   Young of the year (age 0) 

 

 

 

 

 

 

Status/Trends of Prey Fish Populations in Lake Michigan, 2018 
(USGS) 

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 survey provides relative 

abundance and biomass estimates between the 5 m and 114 

m depth contours of the lake for prey fish populations, as 

well as for burbot and yellow perch. The resulting data 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 2018, although depths 64 m 

and greater offshore of Frankfort could not be completed due 

to excessive dreissenid mussel biomass on our multiple tow 

attempts. Mean biomass of alewives in 2018 was estimated 

at 0.54 kg/ha, which was the highest value since 2013, but 

still only 6.7% of the long-term average (7.96 kg/ha).  

 

Age distribution of alewives remained truncated with no 

alewife age exceeding 5 years. Bloater biomass was 2.60 

kg/ha in 2018, relatively unchanged from 2017, but still only 

14% of the long-term average. Round goby biomass was 

1.25 kg/ha in 2018, the 3rd largest estimate in the time series 

and 62% higher than the average since they were first 

sampled in 2003. Rainbow smelt biomass was 0.45 kg/ha, 

which was the highest since 2006 but only 21% of the long-

term average. Likewise, deepwater sculpin biomass was 1.30 

kg/ha in 2018, which was the highest since 2007 but only 

20% of the long-term average. Slimy sculpin biomass was 

only 0.07 kg/ha in 2018, and similar to the very low levels 

estimated since 2012 and only 17% of the long-term average. 

Ninespine stickleback remained very rare in 2018 (0.004 

kg/ha), and only 1% of the long-term average. Overall, the 

total prey fish biomass (sum of alewife, bloater, rainbow 

smelt, deepwater sculpin, slimy sculpin, round goby, and 

ninespine stickleback) in 2018 was 6.22 kg/ha, roughly 65% 

 

greater than in 2017 but still only 17% of the long-term 

average. With respect to other species of interest, burbot 

biomass was only 0.04 kg/ha in 2018 (18% of the long-term 

average) and no age-0 yellow perch were caught in 2018, 

indicating a weak year-class. 

 

Ages were estimated for alewives using otoliths from our 

bottom trawl catches. Although our surveys have included as 

many as nine index transects in any given year, we have 

consistently conducted the surveys at seven transects, and 

data from those seven transects are reported herein. These 

transects 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 2018, although depths 64 m and 

greater offshore of Frankfort could not be completed due to 

excessive dreissenid mussel biomass on our multiple tow 

attempts. 

 

Alewife 
Since its establishment in the 1950s, the alewife has become 

a key member of the fish community. As a predator on larval 

fish, 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. In 1986, a 

quota was implemented, and as a result of these restrictions, 

the estimated annual alewife harvest declined from about 

7,600 metric tons in 1985 to an incidental harvest of only 12 

metric tons after 1990. Lake Michigan currently has no 

commercial fishery for alewives.  
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Fig 1- Sampling locations of GLSC bottom trawls in Lake 

Michigan 

 

According to the bottom trawl survey results in 2018, adult 

alewife biomass density equaled 0.54 kg/ha (Fig 2a) and 

numeric density equaled 29.4 fish/ha (Fig 2b). For the 2nd 

time in 4 years, no age-0 alewives were captured during the 

survey, indicating these fish occupy the bottom of the lake 

during the day less than in previous years. Alewives were 

caught at all ports other than Saugatuck during 2018 (Fig 3), 

and the average densities were influenced by a substantial 

catch of nearly 46 kg/ha (1776 alewife) at the 46 m Sturgeon 

Bay site (Fig 3). 

 

Since 2013, alewives have been sampled in 15 of the 30 non-

standard “deep” tows. However, mean alewife biomass 

density at sites 128 m and deeper was only 0.12 kg/ha, which 

was lower than the mean of all other depths except 27 m. 

Over this time period, the depth with the highest mean 

alewife biomass (e.g., 12.57 kg/ha) was 9 m. Thus, these data 

do not support a hypothesis that the bottom trawl survey has 

underestimated alewife biomass because alewife have shifted  

 

to deeper waters than typically sampled by the bottom trawl 

survey (i.e., > 110 m).  

 

 

 
Fig 2- Density of adult alewives as biomass (a) and 

number (b) per ha (+/- standard error) in Lake Michigan, 

1973-2018 
 

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. 

Several factors have likely maintained this high predation 

pressure in the 2000s including: a relatively high abundance 

of wild Chinook salmon in Lake Michigan, increased 

migration of Chinook salmon from Lake Huron in search of 

alewives, increased importance of alewives in the diet of 

Chinook salmon in Lake Michigan, a decrease in the energy 

density of adult alewives, and increases in lake trout 

abundance due to increased rates of stocking and natural 

reproduction. As adults, there is no evidence for starvation 

among alewives despite declining prey resources. The 

average weight of a 175 mm alewife has actually trended 

slightly upward (F1,21=4.81; P = 0.04) since 1996 when 

alewife condition dropped to its lowest level. 
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Fig 3- Scaled-symbol plot showing the biomass of alewife  

sampled during each of the 2018 bottom trawl sites 
 

In 2018, 189 “adult” (i.e., >100 TL) alewives from the 

survey were aged to construct an age-length distribution. 

Similar to 2017, the age composition was dominated by age-

1 (33%, 2017 year-class) and age-2 (62%, 2016 year-class) 

fish. Age-3 (2015 year-class), age-4 (2014 year-class), and 

age-5 (2013 year-class) fish represented 4%, 0.4% and 0.3%, 

respectively, of the remaining adults, (Fig 4). No alewives 

older than age 5 were caught in the survey; thus, the recent 

trend of age truncation in the alewife population continued 

through 2018. Likewise, no alewives older than age 5 were 

caught in the acoustics survey in 2018. Prior to 2009, age-8 

alewives were routinely captured in the bottom trawl survey.  

 

Both the acoustic and bottom trawl survey time series for 

total alewife biomass are in general agreement, indicating 

that biomass during 2004-2018 was relatively low compared 

with biomass during 1994-1996. Across the 22 years, 

however, the acoustic estimate has been higher than the 

bottom trawl survey estimate 82% of the time. The 

discrepancy between the two estimates has increased 

between 2014 and 2018, with the acoustic estimate ranging 

from 10 to nearly 200 times higher during this 4-year period. 

In 2018, the estimate for adult alewife biomass in the 

acoustic survey was 10 times higher than the estimate for the 

bottom trawl survey. Given that alewife historically have not 

fully recruited to the bottom trawl until age 3 and the 

majority of the alewife population we sampled was age-1 and 

2, it is not surprising that the acoustic survey estimates a 

higher number of alewives. Thus, the recent higher 

discrepancy between the two surveys may partially be 

explained by the alewife population becoming younger in 

recent years.  

 

 
Fig 4 - Age-length distribution of alewives ≥ 100 mm total 

length caught in bottom trawls in Lake Michigan, 2018 

 

Bloater 
Bloaters are eaten by salmonines in Lake Michigan, but are 

far less prevalent in salmonine diets than alewives. For large 

(≥ 600 mm) lake trout, over 30% of the diets offshore of 

Saugatuck and on Sheboygan Reef were composed of adult 

bloaters during 1994-1995, although adult bloaters were a 

minor component of lake trout diet at Sturgeon Bay. For 

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

in the diets has declined between 1994-1995 and 2009-2010. 

For small (< 500 mm) Chinook salmon the proportion 

declined from 9% to 6% and for large Chinook salmon the 

proportion declined from 14% to <1%. The bloater 

population in Lake Michigan also supports a valuable 

commercial fishery, although its yield has declined sharply 

since the late 1990s.  
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Fig 5-Density per ha of adult bloater (a, in terms of 

biomass) and age-0 bloater (b,  number) in Lake 

Michigan, 1973-2018 

 

Adult bloater biomass density in our survey has been < 10 

kg/ha since 1999 (Fig 5a). Nevertheless, adult bloater 

biomass has exceeded 2 kg/ha since 2017, a nearly fivefold 

increase over the record-low levels measured from 2012-

2016. This increase in adult bloater biomass was attributable 

to the relatively strong 2016 and 2017 year-classes (Fig 5b). 

In 2018, however, densities of age-0 bloater were only 3 

fish/ha, more comparable to the low levels of recruitment 

observed from 2010-2015. Bloaters were sampled in all ports 

in 2018 except Frankfort where deeper tows could not be 

completed (Fig 6). The highest mean biomass was at Port 

Washington at 55 and 64 m.  

 

Since 2013, bloaters have been sampled in 11 of 30 deep 

tows. However, mean bloater biomass density at sites 128 m 

and deeper was only 0.15 kg/ha, which was lower than the 

mean biomass of each of the depths from 46 to 110 m. The 

depth with the highest mean biomass since 2013 was 64 m 

(e.g., 3.89 kg/ha). Thus, the data do not support a hypothesis 

that the bottom trawl survey has underestimated bloater 

biomass because it does not sample a large proportion of the 

bloater population that occupies the bottom of the lake in 

depths deeper than 110 m.  

 

The exact mechanisms underlying the apparently poor 

bloater recruitment from 1992-2015 period (Fig 5b), and the 

low biomass of adult bloater since 2007 (Fig 5a), remain 

unknown proposed that the Lake Michigan bloater 

population may be cycling in abundance, with a period of 

about 30 years, although the exact mechanism by which 

recruitment is regulated remains unknown. Of the 

mechanisms that have been recently evaluated, reductions in 

fecundity associated with poorer condition and egg predation 

by slimy and deepwater sculpins may be contributing to the 

reduced bloater recruitment, but neither one is the primary 

regulating factor.  

 

 

 
Fig 6-Scaled-symbol plot showing the biomass of Bloater  

sampled during each of the 2018 bottom trawl sites 
 

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, which could be 

responsible for a shift to the more pelagic calanoid copepods 

in their diets. Hence, one hypothesis is that bloaters are less 

vulnerable to our daytime bottom trawls either because of 

behavioral changes (more pelagic during the day) or 

increased ability to avoid the net while on the bottom (due to 

clearer water). Further, vulnerability of bloaters to our 

bottom trawl survey may have decreased more for large 

bloaters than for small bloaters. In recent years, nearly all of 

the bloaters captured by our bottom trawls were less than 240 

mm in TL, whereas commercial fishers using gill nets 

continue to harvest bloaters well over 300 mm in TL. 

Perhaps, in recent years, bloaters have become more pelagic 

and/or better able to avoid the net as they grow.  

 

Both the acoustic and bottom trawl survey have assessed that 

bloater biomass was more than an order of magnitude higher 

during 1992-1996 than during 2001-2018. A comparison of 

the two surveys during 1992-2006 revealed that the biomass 

estimate from the bottom trawl survey was always higher  
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(about 3 times higher, on average) than the acoustic survey 

estimate. Since 2007, either survey was just as likely to yield 

the higher estimate as the other survey. In 2018, total 

biomass density estimated for bloater from the bottom trawl 

survey (2.60 kg/ha) was relatively similar to that from the 

acoustic survey.  

 

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. Rainbow smelt has been 

consistently rare in the diets of larger Chinook salmon since 

1994. The rainbow smelt population has traditionally 

supported commercial fisheries in Wisconsin and Michigan 

waters, but its yields have also declined through time. 

Between 1971 and 1999, more than 1.3 million lbs were 

annually harvested on average. Between 2000 and 2011, the 

annual average dropped to about 375,000 lbs. Since 2013, 

less than 2,000 pounds have been harvested per year.  

 

 
 

 
Fig 7-Density per ha (+/- standard error) of adult smelt  

(a, in terms of biomass) and age-0 smelt (b, in terms of  

number) in Lake Michigan, 1973-2018. 
 

Similar to the commercial yields, adult rainbow smelt 

biomass density in the bottom trawl has remained at low 

levels since 2001, aside from a relatively high estimate in 

2005 (Fig 7a). Biomass in 2018 was 0.27 kg/ha, more than 

double the mean from 2017 and the highest estimate since 

2009. This recent uptick was due to the high densities of age-

0 (< 90 mm TL) rainbow smelt sampled in 2016 and 2017 

(Fig 7b), and the 2018 estimate (63 fish/ha) was also 

relatively high compared to 2011-2015. Rainbow smelt were 

sampled at all seven ports in 2017 (Fig 8), with the highest 

mean biomass densities at 18 m at Port Washington, 

Ludington, Waukegan. Rainbow smelt have only been 

sampled in 2 of the 30 non-standard deep tows since 2013. 

Their highest mean biomass over this period has been at 18 

m. Causes for the long-term decline in rainbow smelt 

biomass since 1993 remain unclear. Consumption of rainbow 

smelt by salmonines was higher in the mid-1980s than during 

the 1990s, yet adult and age-0 rainbow smelt abundance 

remained high during the 1980s (Fig 7b). Results from a 

recent population modeling exercise suggested that predation 

by salmonines was not the primary driver of long-term 

temporal trends in Lake Michigan rainbow smelt abundance. 

Furthermore, 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 as well to the adult population.  

 

 
 

Fig 8-Scaled-symbol plot showing the biomass of smelt 

sampled during each of the 2017 bottom trawl sites. 
 

The bottom trawl and acoustic surveys detected similar 

temporal trends, with total (age-0 and adult pooled) rainbow 

smelt biomass densities more than 7 times higher, on 

average, during 1992-1996 than during 2001-2017. A 
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comparison of the two survey estimates revealed that the 

acoustic survey estimate generally exceeds that of the bottom 

trawl survey, on average by a factor of about 6. This 

difference is not surprising given that rainbow smelt tend to 

be more pelagic than other prey species during the day. In 

2018, however, the total biomass estimate for all rainbow 

smelt was 0.09 kg/ha for the acoustic survey, which was 

actually lower than the bottom trawl survey estimate of (0.45 

kg/ha).  

 

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. 

 
Slimy sculpin is a favored prey of juvenile lake trout in Lake 

Michigan, 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.  

 

 

 
Fig 9-Biomass density (+/- standard error) for deepwater  

sculpin (a) and slimy sculpin (b) in Lake Michigan, 1973-

2018 
 

Deepwater sculpin biomass density in 2018 was 1.30 kg/ha, 

the highest biomass estimated since 2007 (Fig 9a), and a 

continuation of increasing biomass since 2015. Relative to 

historical values from 1979-1988 (mean = 14.7 kg/ha) and 

1989-2006 (mean = 6.3 kg/ha), however, deepwater sculpin 

remain at relatively low levels since 2007 (mean = 0.78 

kg/ha). Previous analysis of the time series indicated 

deepwater sculpin density is negatively influenced by alewife 

and burbot. Madenjian and Bunnell demonstrated that 

deepwater sculpins have been captured at increasingly 

greater depths since the 1980s. Therefore, one potential 

explanation for the decline since 2007 is an increasing 

proportion of the population occupying depths deeper than 

those sampled by our survey (i.e., 9-110 m), perhaps in 

response to the decline of Diporeia and proliferation of 

dreissenid mussels. Our sampling at deeper depths since 

2013 has been supportive of this hypothesis given that 

deepwater sculpins have been sampled in all 30 deep tows. 

Moreover, among these years the mean biomass density 

increased with depth out to the sites 128 m and deeper. 

Hence, the hypothesis that the bulk of the deepwater sculpin 

population in Lake Michigan now occupies waters deeper 

than 110 m is supported by our data and the long-term trend 

of declining deepwater sculpin biomass illustrated in the 

survey may be an artifact of our standard sampling out to 

only 110 m.  

 

Slimy sculpin biomass density in 2018 was 0.07 kg/ha, 

similar to the extremely low densities estimated in 2013-

2015 and 2017. Overall, slimy sculpin biomass density has 

substantially declined since 2009 (Fig 9b). Slimy sculpin 

abundance in Lake Michigan is regulated, at least in part, by 

predation from juvenile lake trout. We attribute the slimy 

sculpin recovery that occurred during the 1990s to, in part, 

the 1986 decision to emphasize stocking lake trout on 

offshore reefs (as opposed to the areas closer to shore where 

our survey samples. Likewise, the slimy sculpin decline that 

began in 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. Since 2013, 

slimy sculpins have been sampled in 15 out of 30 deep tows. 

However, mean biomass density at sites 128 m and deeper 

(e.g., 0.02 kg/ha) were an order of magnitude lower than the 

biomass estimated at 73, 82, 91, and 110 m sites. Since 2013, 

the highest mean biomass has been estimated at 82 m (e.g., 

0.18 kg/ha). These results suggest that a relatively small 

proportion of the population resides in waters deeper than 

110 m. 

 

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. Round 

gobies were not captured in the bottom trawl survey until 

2003; our survey likely markedly underestimates round goby 

abundance given their preferred habitat includes rocky and 

inshore (i.e., < 9 m bottom depth) areas that we do not 

sample. By 2002, round gobies had become an integral 
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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, lake whitefish, and even cisco.  

 

 
 

 
Fig 10- Biomass density (+/- standard error) of round 

goby (a) and ninespine stickleback (b) in Lake Michigan, 

1973-2018  

 

Round goby biomass density equaled 1.25 kg/ha in 2018 

(Fig 10a), the 3rd highest estimate of the time series. Round 

gobies were sampled at all seven ports in 2018 (Figure 12), 

with the highest mean biomass densities near the western 

shoreline which generally has rockier habitat. We 

hypothesize that round goby abundance in Lake Michigan is 

controlled by predation. This hypothesis was supported by 

annual mortality rates of between 79 and 84% estimated in 

2008-2012, which are comparable to the mortality rates 

currently experienced by Lake Michigan adult alewives.  

 

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 

2017 was only 4.5 g per ha, continuing a trend of very low 

biomass since 2011 (Fig 10b). Biomass of ninespine 

stickleback remained fairly low from 1973-1995 and then 

increased dramatically through 2007, perhaps attributable to 

dreissenid mussels enhancing ninespine stickleback 

spawning and nursery habitat through proliferation of 

Cladophora. One plausible explanation for the low ninespine 

stickleback abundance since 2011 is that piscivores began to 

incorporate ninespine sticklebacks into their diets as the 

abundance of alewives declined to a lower level. For 

example, Jacobs et al. (2013) found ninespine sticklebacks in 

large Chinook salmon diets (i.e., 2% occurrence) during 

2009-2010 after 0% occurrence in 1994-1996.  

 

Community Trends  
The prey fish community includes alewife, bloater, rainbow 

smelt, deepwater sculpin, slimy sculpin, ninespine 

stickleback, and round goby. In 2018, we estimated a total 

biomass density of prey fish available to the bottom trawl 

equal to 6.22 kg/ha (Fig 11a,), which is a 65% increase 

relative to 2017 but still far below the long-term average total 

biomass of 36.9 kg/ha. Total biomass density has trended 

downward since 1989, primarily due to a dramatic decrease 

in bloater biomass (Fig 11a).  

 

 

Fig 11-Estimated biomass of prey fishes, 1973-2018 (a) 

and species composition, 2018 (b) 
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Total biomass density first dropped below 13 kg/ha 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). In previous reports, we have 

reported “lake-wide” biomass of preyfish in terms of 

kilotonnes, but we now have ceased usage of this term in the 

report to reduce confusion. To be clear, the bottom trawl 

survey has never sampled lake-wide, but since 2014 a new 

predator-prey model has been developed that uses 

information from this bottom trawl prey fish survey, the 

acoustic prey fish survey, and a predator consumption model 

to provide a more realistic “lake-wide” biomass for alewife, a 

key prey fish.  

 

For the fourth straight year, the composition of the 2018 prey 

fish community (as assessed by the bottom trawl) was 

dominated by bloater (42%, Fig 11b). Deepwater sculpin 

(21.7%) and round goby (20%) each made considerable 

contributions to the biomass, whereas alewife (9%), rainbow 

smelt (7%), slimy sculpin (1%), and ninespine stickleback 

(<1%) each comprised less than 10% of the community. 

 

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 the burbot population in Lake 

Michigan, however Eshenroder and Burnham-Curtis (1999) 

proposed that a reduction in alewife abundance was an 

additional prerequisite for burbot recovery. 

 

Burbot collected in the bottom trawls are typically large 

individuals (>350 mm TL); juvenile burbot apparently 

inhabit areas not usually covered by the bottom trawl survey. 

Burbot biomass density was 0.04 kg/ha in 2018, c,onsistent 

with extremely low estimates since 2012. After a period of 

low biomass density in the 1970s, burbot showed a strong 

recovery in the 1980s (Fig 12a). Densities increased through 

1997 but declined thereafter. It is unclear why burbot catches 

in the bottom trawl survey have declined in the face of 

relatively low alewife densities.  

 

 

 
Fig 12-Biomass density of burbot (a) and numeric density  

of age-0 yellow perch (b)  in Lake Michigan, 1973-2018 

 

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 of 

yellow perch was the largest ever recorded (Fig 12b) and the 

2009 and 2010 year-classes also were higher than average. In 

2018, no age-0 yellow perch were caught, indicating a weak 

year-class.  

 

Conclusions  
In 2018, total prey fish biomass was estimated to be 6.22 

kg/ha, which is a 65% increase over 2017 and a five-fold 

increase over the record-low estimate from 2015. Every 

species was estimated to attain a higher biomass density in 

2018 than in 2017, with round goby providing the largest 

percentage increase. Relative to the long-term average of 

36.9 kg/ha, however, the 2018 estimate indicates relatively 

low biomass densities of prey fish in Lake Michigan.  

 

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 during 1992-

2015 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 15 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 since 2013 has been age 

6 or younger, with age 5 being the oldest in 2013, 2014, 

2017, and 2018.  

 

We also note that the striking decrease in deepwater sculpin 

biomass after 2006 appears to have been due, at least in part, 

to a substantial portion of the population moving to waters 

deeper than 110 m. Results from the deep tows that we have 

conducted since 2013 corroborate the contention that the 

bulk of the deepwater sculpin population in Lake Michigan 

now inhabits waters deeper than 110 m.  
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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 and reduced availability 

of phosphorus in offshore waters appeared to be the primary 

drivers of the 35% decline in primary production in offshore 

waters between the 1983-1987 and 2007-2011 periods. The 

quagga mussel expansion into deeper waters may have been 

partly responsible for this reduced availability of phosphorus 

in offshore waters.  

 

The evidence for declines in “fish food” (e.g., zooplankton 

and benthic invertebrates) 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, 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.  

 

 

 

 

 

 

 

 

Summary of 2018 Salmonine Stocking in Lake Michigan 
A total of 9.44 million salmonines were stocked into Lake 

Michigan in 2018, the lowest number stocked since 1972.  

The Fish and Wildlife Service stocked 96% of the lake trout 

while state agencies stocked all Pacific salmon (chinook & 

coho), brown trout, and rainbow trout. 

 

Lakewide salmonine stocking trends 
Chinook salmon 

In 2018, 1.64 million were stocked, a 19% increase from 

2017.  Since 2014, the annual average number of Chinook 

salmon stocked has also been 1.64 million. 

 

Brown trout 

0.89 million were stocked in 2018, a 12% decrease from 

2017.  This also represents a 44% and 29% decrease from the 

recent 5-year mean in Wisconsin and Michigan waters, 

respectively.   

 

Lake trout 

2.52 million yearlings were stocked in 2018, a 9% decrease 

from 2017. Lake trout stockings were the lowest they have 

been since 2004.   

 

Rainbow trout 

1.98 million were stocked in 2018, a 7% increase from the 

recent 5-year mean in Wisconsin waters and a 33% increase 

from the recent 5-year mean in Michigan waters. 

 

Coho salmon 

2.41 million were stocked in 2018, a 9% decrease from the 

total stocked in 2017.   
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Fig 1- Numbers of trout and salmon stocked in Lake 

Michigan from 1997-2018 
 

Chinook salmon equivalents  
Salmonine stocking directly influences predator-prey ratios 

in Lake Michigan and this is important in light of long-term 

declines in the forage base. Salmonids differ in species-

specific prey consumption and total prey consumption over 

their life span. Therefore, we also report salmonid stocking 

in terms of “chinook salmon equivalents”, a standardized 

metric that expresses total salmonid stocking in terms of their 

demand on the forage base.  

 

Species-specific conversion values (number of fish required 

to equal the prey consumption of 1 Chinook salmon) for each 

species stocked are as follows:  

 3.2 Coho salmon  

 2.4 rainbow trout  

 2.3 yearling lake trout  

 5.8 fall fingerling lake trout  

 2.2 brown trout  

 

For example, 2.4 rainbow trout consume the same amount of 

prey as one Chinook salmon over their lifetime. Chinook 

equivalents of all trout and salmon stocked in a given year 

are calculated by dividing the total number of each species 

stocked by its conversion factor.  

 

In 2018, 9.44 million salmonids were stocked, but this 

number is roughly halved when expressed as Chinook 

equivalents. In 2018, stocking of 4.72 chinook equivalents 

was just above the number stocked in 2017, which was the 

lowest since 1972 and should result in decreased demand on 

the forage base. Conversion values are currently being 

reassessed with more contemporary diet, stable isotope data 

and bio-energetic model simulations. 

 

 
Map 1 
First and 2nd priority areas as described in A Fisheries 

Management Implementation Strategy for the 

Rehabilitation of Lake Trout in Lake Michigan (Dexter 

et al. 2011). Northern and Mid Lake Refuges are 

indicated with shading and the gray lines subdivide the 

lake into statistical districts. In 2017, stocking efforts 

were moved from the Hog Island Reef and Ile aux Galets 

in the East Beaver Island Group to the Fox Island Trench 

to avoid excessive by-catch from commercial fishing. 

 

Lake trout 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 Mid Lake Refuge. The 

remaining 1/3 are stocked in 2nd Priority nearshore areas to 

support both recreational fisheries and rehabilitation efforts 

(Map 1).  

 

In 2018, 1.44 million yearling lake trout were stocked at the 

Northern 1st Priority sites and 0.48 million yearlings at the 

mid-lake refuge 1st Priority sites. Nearshore areas (2nd 

Priority) received an additional 0.49 million yearlings. 

MIDNR stocked just over 0.1 million into the 2nd priority 

area. Lake trout numbers stocked, locations, strains, and 

CWT numbers are provided in Table 1.  
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In 2018, the FWS and MIDNR stocked a total 2.52 million 

lake trout yearlings in first and second priority sites.  

 

Since 2010, all stocked lake trout have been marked with an 

adipose clip and a coded wire tag (CWT) was implanted in 

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

used to indicate strain and stocking location. All 1st Priority  

sites have distinct CWT’s as do all 2nd priority sites within 

each statistical district. The current tagging plan was 

designed to measure the movement, growth, and relative 

survival of among genetic strains, year classes, and stocking 

locations from subsequent recoveries in assessment surveys, 

and commercial and recreational fisheries.  

 

 

 

 

 

 

 

Harvest of fishes from Lake Michigan during 2018 

Fig 1- Total harvest of fish by method from Lake Michigan, 1985 – 2018 
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Fig 2- Harvest of Benthivore fishes from Lake Michigan, 1985-2018 

 
 

Fig 3- Harvest of Salmonine fishes from Lake Michigan, 1985-2018, Sport, Commercial, Assessment and Weir. 
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Fig 4- Harvest of Inshore fishes from Lake Michigan, 1985-2018 

      
  
 Fig 5- Harvest of Selected Commercially valuable fish spieces from Lake Michigan, 1985-2018 
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Summary of Lakewide Harvest for All Agencies in 1000's of Pounds; This Includes Commercial, 
Sport, Weir, Assessment And Incidental Catch, (X 1,000 Pounds) -- 1 of 3 

    
2 of 3 
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3 of 3 

 
 

Summary of Lakewide Harvest for All Agencies in 1000's of Pounds; Includes Commercial, Sport, 
Weir, Assessment And Incidental -1 of 3 
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2 of 3 

 
3 of 3 

 
 

 

Commercial Harvest for All Agencies in 1000's of Pounds; This Includes Illinois, Indiana, Michigan, 
Tribal Fisheries, and Wisconsin, (X 1,000 Pounds)-- 1 of 3 
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2 of 3 

 
 

3 of 3 

 
 

 

Sport Harvest for All State Agencies in 1000's of Pounds; This Includes Illinois, Indiana, Michigan 
and Wisconsin, (X 1,000 Pounds)-- 1 of 3 
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2 of 3 

 
 
3 of 3 
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Status of Yellow Perch in Lake Michigan, 2018 

Adult Relative Abundance 

 
Fig 1-Adult yellow perch relative abundance and percent 

female in the Illinois waters of Lake Michigan. (ILDNR; 

data from spring gill net assessment, Chicago and Lake 

Bluff, IL, 1976 – 2018.) 

 

 

 
Fig 2- Adult yellow perch relative abundance and percent 

female in the Wisconsin waters of Lake Michigan. 

(WDNR; data from winter gill net assessment, 

Milwaukee, WI, 1986 – 2018.) 
 

 

 
Fig 3-Adult yellow perch relative abundance in the 

Wisconsin waters of Green Bay.(WDNR; data from 

summer trawl assessment, Green Bay, WI, 1978 – 2018.) 

 
Fig 4-Adult yellow perch gill net catch-per-unit-effort 

and percent female in the catch at four southern Lake 

Michigan ports (Grand Haven, Saugatuck, South Haven, 

and St. Joseph, MI). (MDNR; data from April-June, 1996 

– 2018.) 

 
Fig 5-Yellow perch CPE (number of fish per 305 m) in 

graded mesh gill net consisting of equal length panels of 

51-mm, 64-mm, and 76-mm stretched mesh, 1984-2018. 

(Data from ILDNR) 

 
Fig 6-Yellow perch age structure from the Illinois waters 

of Lake Michigan. (ILDNR; data from spring gill net 

assessment, Chicago and Lake Bluff, IL, 2018; Ages 

determined using otoliths.) 
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Fig 7-Yellow perch age structure from the Wisconsin 

waters of Green Bay. (WDNR; data from commercial 

harvest – all gear types, Green Bay, WI – 2018. Ages 

determined using spines.) 
 

 

 
Fig 8-Yellow perch age structure from the Michigan 

waters of Lake Michigan. (MDNR data from spring gill 

net assessment, combined three southern Lake Michigan 

ports – Grand Haven, Saugatuck, and South Haven, MI – 

2018. Age determined using spines) 
 

Recruitment 
Having a reliable indicator of future inputs to an adult 

population is vital to understanding the dynamics of the fish 

population and helping predict changes in abundance. An 

early indicator of recruitment is most beneficial to managers. 

In Lake Michigan, indicators of yellow perch recruitment 

have traditionally been collected using bottom trawls or 

beach seines. In addition, 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 9-Density of age-0 yellow perch, lakewide (USGS; 

data from  fall bottom trawl assessments, 1973 – 2018.) 
 

 
Fig 10- CPUE of YOY yellow perch from the Illinois 

waters of Lake Michigan. (ILDNR; data from summer 

beach seining along the Illinois shoreline, 1978 – 2018.) 
 

 

 
Fig 11-CPUE of age-0 yellow perch from the Wisconsin 

waters of Lake Michigan. (WDNR; data from summer 

beach seine assessments along the southern Wisconsin 

shoreline, 1989 –2018) 
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Fig 12- CPUE of age-0 yellow perch from the Wisconsin 

waters of Green Bay. (WDNR; data from summer trawl 

assessments, 1978 – 2018) 
 

 

 
Fig 13- CPUE of age-0 yellow perch in the Michigan 

waters of Lake Michigan  
 

2019 Yellow Perch Regulations/Harvest Trends 
Sportfishing regulations: 

 Illinois 

● May 1-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; 25 fish 

 Wisconsin (Lake Michigan) 

● May 1-June 15; closed to sportfishing for yellow  perch 

● Daily bag limit 5 fish 

 

 

 

 

 
End Lake Michigan Part 1 

 Wisconsin (Green Bay) 

● March 16 - May 19; closed to sportfishing for   perch 

● Daily bag limit 15 fish 

 

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 2019 is 100,000 pounds) 

 

 
Fig 14- Lake Michigan harvest (lakewide) of yellow perch 

by commercial and recreational fisheries, 1985-2018   
 

Appendix 1. Lake Michigan statistical districts 

      
 
 

 


