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Status of Pelagic Prey Fish Populations in Lake Michigan, 
2012(USGS) 

Abstract  
The 2012 survey consisted of 26 acoustic transects (576 km 

total) and 31 midwater tows. Mean total prey fish biomass 

was 6.4 kg/ha or 31 kilotonnes (kt = 1,000 metric tons), 

which was 1.5 times the estimate for 2011 and 22% of the 

long-term mean. The increase from 2011 resulted from 

increased biomass of age-0 alewife, age-1 or older alewife, 

and large bloater. The abundance of the 2012 alewife year 

class was similar to the average, and this year-class 

contributed 35% of total alewife biomass (4.9 kg/ha), while 

the 2010 alewife year-class contributed 58%. The 2010 year 

class made up 89% of age-1 or older alewife biomass. In  

 

2012, alewife comprised 77% of total prey fish biomass, 

while rainbow smelt and bloater were 4 and 19% of total 

biomass, respectively. Rainbow smelt biomass in 2012 (0.25 

kg/ha) was 40% of the rainbow smelt biomass in 2011and 

5% of the long term mean. Bloater biomass was much lower 

(1.2 kg/ha) than in the 1990s, and mean density of small 

bloater in 2012 (191 fish/ha) was lower than peak values 

observed in 2007-2009. In 2012, pelagic prey fish biomass in 

Lake Michigan was similar to Lake Superior and Lake 

Huron. Prey fish biomass remained well below the Fish 

Community Objectives target of 500-800 kt, and key native 

species remain absent or rare. 
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Fig 1-Map of Lake Michigan showing strata used in design and 

analysis of the lakewide acoustic. Symbols represent acoustic and 

midwater trawl locations for 2012. 

 

Introduction  
In light of changes in the Lake Michigan food web during the 

last 40 years and the continued restructuring due to exotic 

species, pollution, fishing, and fish stocking, regular 

evaluation of long-term data on prey fish dynamics is critical. 

The traditional Great Lakes Science Center (GLSC) prey fish 

monitoring method (bottom trawl) is inadequate for fish 

located off bottom. In particular, bottom trawls provide 

particularly biased estimates for age-0 alewives. Alewives 

are the primary prey in Lake Michigan and of especial 

importance to introduced salmonines in the Great Lakes, and, 

as such, constitute an important food web component. 

Alewife dynamics can reflect occurrences of strong year-

classes because total alewife density is highly correlated with 

the density of alewife ≤ age-2. 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. 

 

Alewife 
Alewife density in 2012 (1,410 fish/ha) was five times that 

observed in 2011 and was similar to the long-term (1992-

2011) mean of 1,770 fish/ha. This increase was primarily the 

result of higher density of age-0 alewife. Alewife biomass 

(4.9 kg/ha) in 2012 was 35% of the long-term mean of 14.2 

kg/ha but was the fourth lowest in the time series. Age-0 

alewife density (1,242 fish/ha, Fig 2), was similar to the 

long-term mean of 1,282 fish/ha. Age-1 or older (YAO) 

alewife biomass was highly variable in the 1990s but the 

highest values of the time series were in 1995 and 1996. The 

high biomass in 1996 was in large part the result of a very 

strong year class in 1995. Biomass of this age group was 

relatively constant from 2001-2007 (Fig 3), increased in 

2008-2010, and then declined by 69% from 2010 to 2011.  

 

 
Fig 2-Acoustic estimates of age-0 alewife density and biomass in 

Lake Michigan, 1992-2012  

 

 

Fig 3-Acoustic estimates of age-1 or older alewife density in Lake 

Michigan, 1992-2012 

 

 
Fig 4-Percent contribution of alewife year- classes to alewife 

biomass during 2012. Labels show year class and percent of 

alewife biomass 
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In 2012 biomass of the YAO group was 3.2 kg/ha, which 

consisted of fish from the 2007-2010 year-classes (Fig 4). 

Mean age of YAO increased from 1.3 years in 2011 to 2.1 

years in 2012 (Fig 5). Estimated density of spawners (age-3 

and older surveyed in 2012) was the second lowest in the 

time series. Acoustic and bottom trawl results both indicated 

that biomass of YAO alewife in 2012 was similar to that in 

2011 and both surveys indicated that age-2 alewife (2010 

year class) made up most of the population in both numbers 

and biomass. However, the acoustic estimate of YAO alewife 

biomass was more than twice the bottom trawl estimate. 
 

 

Fig 5-Mean age of YAO alewife in Lake Michigan in 1992-2012. 

 

Rainbow smelt 
Density of rainbow smelt increased from 2002-2008 (Fig 6), 

before declining to much lower levels in 2009-2012. 

However, biomass has been consistently low since 2007. 

Rainbow smelt density in 2012 (196 fish/ha) was the second 

lowest in the time series. Biomass of rainbow smelt (0.25 

kg/ha) was 20% of the 2011 biomass and was only 4% of the 

long term mean. Rainbow smelt > 90 mm in length 

constituted roughly 60% of the population and 65% of 

biomass. Both acoustic and bottom trawl survey results 

showed biomass in 2012 was similar to 2011, but the 

acoustic biomass estimate was nearly five times the bottom 

trawl estimate.  

 

 
Fig 6-Acoustic estimates of rainbow smelt density and biomass in 

Lake Michigan in fall 1992-2012 
 

Bloater 
Bloaters continue to be present at low densities relative to the 

1990s. Mean density of all bloater in 2012 (232 fish/ha) was 

higher than in 2011, as was total bloater biomass (1.2 kg/ha). 

Small bloater showed an increasing trend from 2001-2009 

(Fig 7), while large bloater showed no trend during this 

period (Fig 8). Acoustic results for small bloater were 

consistent with bottom trawl results, as density and biomass 

increased for this size group in both surveys. However, 

results were not consistent for larger bloater; the acoustic 

estimate of biomass nearly doubled from 2011-2012, while 

the bottom trawl biomass estimate in 2012 was only 10% of 

the 2011 estimate. Neither acoustic or bottom trawl estimates 

for large bloater show any evidence of increased abundance 

resulting from recruitment of fish hatched in the previous 10 

years. 

 

 
Fig 7-Acoustic estimates of small bloater density and biomass in 

Lake Michigan in fall 1992-2012 

 

 
Fig 8-Acoustic estimates of large bloater density and biomass in 

Lake Michigan in fall 2001-2012 

 

Summary 
The results of the 2012 Lake Michigan acoustic survey 

indicate continued variability in alewife biomass as well as 

persistently low biomass of smelt and bloater. Peak alewife 

biomass occurred in 1995 and 1996, and the two highest 

values during 2001-2012 (2009-2010) were only half as high 

as in 1995-1996. Total prey fish biomass in 2012 was the 

second lowest ever observed (Fig 9).  

 

As with any survey, it is important to note that trawl or 

acoustic estimates of fish density are potentially biased and, 

when possible, we should describe the effects of any bias 

when interpreting results. With acoustic sampling, areas near 
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the bottom and the surface (0-3 m) are not sampled well or at 

all. The density of fish in these areas therefore is unknown. 

Air-water interface problems, technology limitations, as well 

as time limitations preclude the use of upward or side-

looking transducers. If one assumes that fish available to a 

bottom trawl with ≈ 1 m fishing height at night are not 

available to acoustic sampling, it is doubtful that the bottom 

dead zone contributes much bias for alewife and rainbow 

smelt because of their pelagic distribution at night. 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. After examining these data 

we found that night bottom trawl estimates of alewife density 

in August/September 1987 were only 6% of day estimates. 

 
Fig 9-Acoustic estimates of total prey fish biomass in Lake 

Michigan, 1992-2012 

 

Similarly, night bottom trawl estimates of rainbow smelt 

density were ≈ 6% of day estimates. Evidence suggests 

bloater tend to be more demersal; in Lake Superior, night 

acoustic/midwater trawl sampling may detect only 60% of 

bloater present. Day-night bottom trawl data from Lake 

Michigan in 1987 suggested that the availability of bloater to 

acoustic sampling at night was somewhat higher. Slimy 

sculpins and deepwater sculpins are poorly sampled 

acoustically and we must rely on bottom trawl estimates for 

these species. Alewife and rainbow smelt (primarily age-0) 

may occupy the upper 3 m of the water column and any 

density calculation in this area results in underestimation of 

water column and mean lakewide density. Depending on 

season, in inland New York lakes and Lake Ontario, 37-64% 

of total alewife catch in gill nets can occur in the upper-most 

3 m. However, highest alewife and rainbow smelt catches 

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

near the thermocline in Lake Michigan. 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 by Warner et al. (2012), this 

assumption was likely reasonable. 

 

Prey fish biomass in Lake Michigan remains at levels much 

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

biomass (31 kt) from acoustic sampling was the 2nd lowest 

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

biomass was relatively high (but still lower than in the 

1990s). This recent decline, resulting primarily from 

decreased alewife biomass, demonstrates the dynamic nature 

of the pelagic fish community in Lake Michigan. The large 

difference in prey fish biomass in the 1990s and 2000s 

resulted primarily from the decrease in large bloater 

abundance, but alewife and rainbow smelt declined as well. 

Bloater densities showed an increasing trend 2001-2009, 

with most of the increase driven by increases in small 

bloater. A similar pattern has been 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. Pelagic fish biomass was not evenly split among 

the species present in 2012, and limited recruitment of small 

bloater, along with the continued absence of other native 

species, suggests that little progress is being made toward 

meeting the Fish Community Objectives 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 

kiyi were found to be the most numerous species in 2011. As 

a result, large areas of Lake Michigan which were formerly 

occupied by fish are devoid of fish, and movement of energy 

and nutrients through 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 (Schaeffer et al. 

2008) 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. In 2012 total pelagic fish 

biomass in Lake Michigan (6.4 kg/ha) was similar to that in 

Lake Huron in 2012 (6.3 kg/ha as well as Lake Superior in 

2011 (6.8 kg/ha.  
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Status and Trends of Prey Fish Populations in Lake Michigan, 
2012(USGS) 

Abstract 
The surveys on relative 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 2012. The survey provides relative abundance 

and biomass estimates between the 5-m and 114-m depth 

contours of the lake (herein, lake-wide) for prey fish 

populations, as well as burbot, yellow perch, and the 

introduced dreissenid mussels. Lake-wide biomass of 

alewives in 2012 was estimated at 9 kilotonnes (kt, 1 kt = 

1000 metric tonnes), which continues the trend of unusually 

low alewife biomass since 2004 but represented a 20% 

increase from the 2011 estimate. The age distribution of 

alewives larger than 100 mm was dominated (i.e., 84%) by 

age-2. Record low biomass was observed for several species, 

including bloater (0.4 kt), rainbow smelt (0.1 kt), deepwater 

sculpin (1.5 kt), and ninespine stickleback (0.01 kt). Slimy 

sculpin lake-wide biomass was 0.73 kt in 2012, which was 

the third consecutive year revealing a decline. 

 

Fig 1-Established sampling locations for GLSC bottom trawls in 

Lake Michigan 

 

Estimated biomass of round goby increased by 79% to 3 kt. 

Burbot lake-wide biomass (0.5 kt in 2012) has remained 

below 3 kt since 2001. Numeric density of age-0 yellow 

perch (i.e., < 100 mm) was only 2 fish per ha, which is 

indicative of a relatively poor year-class. Lake-wide biomass 

estimates of dreissenid mussels have continued to increase 

from 2010, from 12 to 95 kt in 2012. 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 2012 was 15 kt, which 

represented the lowest total biomass of the time series. 

 

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. 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. 

 
Fig 2-Density of adult alewives as biomass in Lake Michigan, 

1973-2012 

 

Adult alewife biomass density was 1.4 kg per ha in 2012 

(Fig 2), which was only 20% of the long-term average 

biomass. Only 2010 yielded a lower adult alewife biomass 

estimate. Similarly, adult alewife numeric density in 2012 

(62.8 fish/ha) was only 27% of the long-term average. The 
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overall temporal trends in alewife recruitment to age 3 and 

subsequent adult biomass are likely driven by consumption 

by salmonines. 

 
Adult alewife density has remained at low levels during 

2004-2012 (Fig 2). This continued depression of adult 

alewife abundance may reflect a recently intensified amount 

of predation exerted on the alewife population by Chinook 

salmon due to four factors: (1) a relatively high percentage of 

wild Chinook salmon in Lake Michigan, (2) increased 

migration of Chinook salmon from Lake Huron in search of 

alewife, (3) increased importance of alewives in the diet of 

Chinook salmon in Lake Michigan between the 1990s and 

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

alewives during the late 1990s. 

Using an age-length key and a length distribution that 

corrected for densities, we estimated that 84% of adult 

alewives captured in the bottom trawl during 2012 were age 

2 and classified as the 2010 year-class (Fig 3). This 

unevenness in age composition was also observed in 2011, as 

the 2010 year-class comprised 83% of the adults captured. 

These two years are in stark contrast to the previous four 

years (2007-2010) when more evenness was estimated 

among the age-classes, as indicated by at least three age-

classes each contributing at least 10% to the catch. One 

additional change in recent years is a truncation in the age 

distribution. The maximum age sampled has decreased from 

age 9 in 2007 to age 7 in 2008-2009 to age 6 in 2010-2011 to 

age 4 in 2012. 

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

caught in bottom trawls in Lake Michigan, 2012. Smaller alewives 

were captured but were not included herein 

 

Our results for temporal trends in adult alewife density were 

in partial agreement with results from the lake-wide acoustic 

survey, which reported biomass of adult alewife during 

2004-2012 to be relatively low in comparison to the biomass 

during 1994-1996. Comparisons between the age 

distributions measured in the two surveys also exhibited 

commonality in the dominance of the 2010 year class among 

the adults (84% in the bottom trawl and 89% in the acoustic 

survey). The biomass estimate for adult alewife in the 

acoustic survey, however, is over three times higher than 

what was estimated in the bottom trawl survey. 

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 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 generally been declining since the late 1990s. 

 
Fig 4-biomass density of adult bloater in Lake Michigan, 1973-

2012 

 

Adult bloater biomass density was 0.11 kg per ha in 2012 

(Fig 4), which was only 0.5% of the long term average 

biomass and the lowest estimate of the time series. The 

estimate for 2012 was also 90% lower than that measured in 

2011. Similarly, adult bloater numeric density in 2012 (2.5 

fish/ha) was only 0.5% of the long-term average. Adult 

bloater numeric and biomass densities have shown an overall 

declining trend since 1989 (Fig 4). Numeric density of age-0 

bloaters (< 120 mm TL) was only 2 fish per ha in 2012. 2012 

was the third consecutive year of very low densities of age-0 

bloater following relatively high values in 2005, 2008, 2009. 

 

Results from the acoustic survey can provide some insight 

into catchability concerns raised above. With regard to 

bloater moving deeper than 110 m, the acoustic survey 

estimated bloater densities ranging 8-25 fish/ha in depths 

125-220m between 2003 & 2012. However, the survey also 

documented that the bulk of the bloater population was 

sampled in depths 30-100 m. In terms of comparing trends 

between the two surveys, for the adults an order of 

magnitude decrease between 1992-1996 and 2001-2012 was 

revealed by both surveys. Similarly, low densities of age-0 
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bloaters in the 1990s and strong inter-annual variability in 

the 2000s were detected in both surveys. However, the years 

(2005, 2008, 2009) in which relatively high age-0 densities 

were estimated by the bottom trawl survey were a subset of 

the high density years (2001, 2005, 2007-2009, 2012) 

estimated by the acoustic survey. 

 

Rainbow smelt  
Adult rainbow smelt are an important part of the diet for 

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

nearshore waters of Lake Michigan (Stewart et al. 1983; 

Madenjian et al. 1998; Jacobs et al. 2010). 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 

in all time periods. The rainbow smelt population supports 

commercial fisheries in Wisconsin and Michigan waters. 

 

Adult rainbow smelt biomass density was 0.02 kg per ha in 

2012 (Fig 5), which was only 1% of the long-term average 

biomass and the lowest estimate of the time series. The 

estimate for 2012 was also 81% lower than that measured in 

2011. Adult rainbow smelt numeric density in 2012 (3 

fish/ha) was only 2% of the long-term average. Adult 

rainbow smelt numeric density was highest from 1981 to 

1993, but then declined between 1993 and 2001, and has 

remained at a relatively low density, except in 2005, since 

2001. Age-0 rainbow smelt has been highly variable since 

2002. Age-0 numeric density in 2012 was 26 fish per ha, 

which was only 14% of the long-term average.  

 
Fig 5-Biomass density of adult (a) and age-0 (b) rainbow smelt in 

Lake Michigan, 1973-2012 

 

Temporal trends in rainbow smelt biomass from the acoustic 

and bottom trawl surveys in Lake Michigan have been 

similar since 2001. The bottom trawl survey has documented 

relatively low rainbow smelt biomass during 2001-2012, 

with a minor peak in 2005 (Fig 5). Similarly, biomass of 

rainbow smelt in the acoustic survey was relatively low 

during 2001-2012, with minor peaks occurring during 2005- 

2006 and 2008-2009. Results from both the acoustic and 

bottom trawl surveys indicated that rainbow smelt biomass in 

Lake Michigan during 1992-1996 was roughly four times 

higher than rainbow smelt biomass during 2001-2012. 

 

Sculpins 
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 nearshore regions of the lake, but is 

only a minor part of adult lake trout diets. Deepwater sculpin 

is an important diet constituent for burbot in Lake Michigan, 

especially in deeper waters. A recent study of burbot from 

northern Lake Michigan sites revealed sculpins to comprise 

11% of their diets. 

 

 
 

 
Fig 6-Biomass density for deepwater (a) and slimy sculpin (b) in 

Lake Michigan, 1973-2012 

 

Deepwater sculpin biomass density was 0.4 kg per ha in 

2012 (Fig 6a), which was only 5% of the long-term average 

biomass and the lowest estimate of the time series. For every 

year since 2009, this biomass estimate has reached a record 

low. Similarly, deepwater sculpin numeric density in 2012 

(44 fish/ha) was only 11% of the long-term average. During 

1990-2005, both deepwater sculpin biomass density and 

numeric density trended neither downward nor upward. 
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However, biomass of deepwater sculpin sampled in the 

bottom trawl has declined precipitously since 2005. 

Deepwater sculpins have been captured at increasingly 

greater depths since the 1980s. Therefore, one potential 

explanation for the recent declines in deepwater sculpin 

densities is that an increasing proportion of the population is 

now occupying depths deeper than those sampled by our 

survey (i.e., 110 m).  

 

Furthermore, because the deepwater sculpin occupies deeper 

depths than any of the other prey fishes of Lake Michigan, a 

shift to waters deeper than 110 m would seem to be a 

reasonable explanation for the recent declines in deepwater 

sculpin densities. Previous analysis of the time series 

indicated deepwater sculpin density is negatively influenced 

by alewife (predation on sculpin larvae) and burbot. Based 

on bottom trawl survey results, neither alewife nor burbot 

increased in abundance during 2007-2012 to account for this 

decline in deepwater sculpins. Which factor or factors could 

have driven the bulk of the deepwater sculpin population to 

move to waters deeper than 110 m during 2007-2011? This 

shift to deeper water by deepwater sculpins coincided with 

the population explosion of the profundal form of the quagga 

mussel in depths between 60 and 90 m. Perhaps some 

consequences of the colonization of deeper waters by quagga 

mussels prompted a move of deepwater sculpins to deeper 

water. If this hypothesis were correct, then a substantial 

decline in quagga mussel abundance in the 60-m to 90- m 

deep waters could lead to a shift of deepwater sculpins back 

to shallower waters. 

 

Slimy sculpin biomass density was 0.21 kg per ha in 2012 

(Fig 6b). Among all of the prey fishes that have been 

sampled since 1973, the biomass of slimy sculpin was closest 

to its long-term average of 0.48 kg/ha (i.e., 43% of the long-

term average biomass). Numeric density of slimy sculpin 

was 36 fish per ha in 2012, which was only 33% of the long-

term average. Biomass densities of slimy sculpins from 

2005-2006 were considerably higher than those estimated in 

the 1980s and even late 1990s, when slimy sculpins were 

recovering. Biomass of slimy sculpin has declined annually 

since 2009, however, with a marked 62% decline between 

2011 and 2012. The slimy sculpin decline since 2009 coincided 

with an increase in lake trout stocking rate. 

 

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 GLSC bottom trawl survey 

until 2003, however. By 2002, round gobies had become an 

integral component of yellow perch diet at nearshore sites 

(i.e., < 15 m depth) in southern Lake Michigan. Round 

gobies also had become an important constituent of the diet 

of burbot in northern Lake Michigan by 2005. 

 

Round goby biomass density was 0.9 kg per ha in 2012 (Fig 

7a). Numeric density was 121 fish per ha. The variability 

associated with the annual mean is extremely high in some 

years, such as 2010. Hence, biomass in 2012 did not appear 

to be substantively different from that measured in 2010 and 

2011. 

 

 
Fig 7-Biomass density of round goby (a) and ninespine 

stickleback (b) in Lake Michigan, 1973-2012 

 

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. Ninespine stickleback is generally 

captured in far greater densities than the threespine, 

especially in recent years.  Relative to other prey fishes, 

ninespine sticklebacks are of minor importance to lake trout 

and other salmonines. In northern Lake Michigan, for 

example, sticklebacks occur infrequently in the diet of lake 

trout (Elliott et al. 1996; Jacobs et al. 2010). Biomass density 

was 3 g per ha in 2012 (Fig 7b), the lowest value of the time 

series and only 0.9% of the long-term average. Mean 

numeric density was only 3 fish per ha. Biomass of ninespine 

stickleback remained fairly low from 1973-1995, increased 

dramatically in 1996-1997, and exhibited larger interannual 

variability between 1999 and 2007. Since 2008, however, 

biomass has been maintained at near record-low levels. An 

analysis of ninespine stickleback densities in lakes Michigan 

and Superior revealed that the increase in Lake Michigan in 

the mid-2000s coincided with the expansion of dreissenid 

mussels in the lake.  
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We estimated a total lake-wide biomass of prey fish available 

to the bottom trawl in 2012 of 15 kilotonnes (kt) (1 kt = 1000 

metric tonnes) (Fig 8a), which was the lowest value in the 

time series and only 10% of the long-term average total prey 

fish biomass. Total prey 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 (Fig 8a). This 

decline was largely driven by the dramatic decrease in 

bloater biomass. During 2002-2012, decreases in alewife and 

deepwater sculpin biomasses also contributed to the 

continued decrease in total prey fish biomass. Total biomass 

first dropped below 30 kt in 2007, and has remained below 

30 kt since that time. 

 

As Fig 8b depicts, the 2012 prey fish biomass was 

apportioned as: alewife 60.3% (9.2 kt), round goby 21.6% (3 

kt), deepwater sculpin 9.7% (1.5 kt), slimy sculpin 4.8% (0.7 

kt), bloater 2.7% (0.4 kt), rainbow smelt 0.9% (0.1 kt), and 

ninespine stickleback < 0.1% (0.01 kt)  

 

 
 

 
Fig 8-Estimated lake-wide biomass of prey fishes in Lake 

Michigan, 1973-2012(a) and species composition in 2012 (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 the burbot population in Lake 

Michigan however 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 covered by the bottom trawl survey. Burbot 

biomass density was 0.1 kg per ha in 2012, which was 15% 

of the long-term average. After a period of low numeric 

density in the 1970s, burbot showed a strong recovery in the 

1980s (Fig 9a). 

 
Fig 9-Biomass density of burbot in Lake Michigan, 1973-2012 
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Fig 10-Biomass density of age-0 yellow perch (b) in Lake 

Michigan, 1973-2012 

 

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 9b) and the 

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

Strong yellow perch recruitment in these recent years was 

likely attributable to a sufficient abundance of female 

spawners and favorable weather. Numeric density of the 

2012 year-class was only 2 fish per ha, indicative of a 

relatively weak year-class despite a warmer than average 

year. 

 

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. 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 10a), 

which followed an exponential like increase between 2004 

and 2006. The biomass density of dreissenid mussels in 2012 

was 27 kg per ha, the highest value estimated since the peak 

in 2007 (Fig 10a).  According to the results of the benthic 

macroinvertebrate survey, quagga mussel biomass density in 

Lake Michigan appears to have peaked sometime between 

2008 and 2010. This peaking may be in response to the 

exceeding of the carrying capacity, and a decline in quagga 

mussel biomass density may be expected in upcoming years. 

 

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 (Fig 11). The bulk of the decline in total prey fish 

biomass may be better explained by factors other than food-

web-induced effects by 

 
Fig 11-Bbiomass density of dreissenid mussels in the bottom trawl 

in Lake Michigan, between1999 and 2012. 

 

A comparison of the biomass density of dreissenid mussels 

(27 kg per ha) with biomass density of all species of fish (5 

kg per ha) caught in the bottom trawl in 2012 indicated that 

85% of the daytime benthic biomass available to the bottom 

trawl was dreissenid mussels (Fig 11). 

 

Summary 
Total prey fish biomass in 2012 was the lowest since our 

bottom trawl survey began in 1973, and follows five years of 

sustained, record low biomass estimates. These low prey fish 

biomass estimates for 2007- 2012 were probably due to a 

suite of factors. We can clearly identify two of these factors 

as: (1) a prolonged period of poor bloater recruitment since 

1992 and (2) intensified predation on alewives by Chinook 

salmon during the 2000s. Adult alewife density has been 

maintained at a relatively low level over the last nine 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 2012 was age 4. 

Whether or not the alewife population in Lake Michigan will 

undergo a collapse in coming years (similar to what occurred 

in Lake Huron) will depend on several factors. Primarily, the 

extent to which predation by salmonines influences the 

survival of the large 2010 year-class is critical. In addition, 

alewife sustainability will depend on the success of 2010 

year-class in producing another strong year-class in the next 

few years, which will at least partially depend on appropriate 

environmental factors being met. 

 

Scientists and managers continue to ask critical questions 

regarding the importance of “bottom-up” effects on prey fish 

biomass in Lake Michigan. For example, to what extent do 

1) ongoing declines in total phosphorus, 2) the proliferation 

in dreissenid mussels, and 3) the resultant diminishment of 
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the spring phytoplankton bloom reduce the capacity of Lake 

Michigan to produce the biomass of prey fish that was 

observed only two decades ago? We point out that Lake 

Michigan has already demonstrated its capacity to produce a 

strong year-class of alewives in 2010 despite the changes 

described above. Nonetheless, having a complete 

understanding of the answers to these questions will require 

additional years of surveillance, across-lake comparisons, 

and food-web analyses. 

 

The GLFC Fish Community Objective for planktivores is not 

being achieved according to the bottom trawl survey results. 

The Objective calls for a lake-wide biomass of 500-800 kt, 

and the total prey fish biomass estimated by the bottom trawl 

survey was only 15 kt. The Objective also calls for a 

diversity of prey species. The diversity in 2012 was far less 

than that measured in recent years, and we note that native 

prey fishes comprised only 18% of total prey fish biomass. In 

fact, native bloater, deepwater sculpin, and ninespine 

stickleback were at record-low levels in 2012 and native 

slimy sculpin has been trending downward since 2009. In 

2013, we plan to add deeper depths (out to 128 m at as many 

as three ports) to our survey to evaluate the extent to which 

some of these native species inhabit depths beyond 110 m.  

 

 

 

Evidence of Wild Juvenile Lake Trout Recruitment in Western Lake 
Michigan 

Abstract 
Lake Trout were extirpated from Lake Michigan by the early 

1950s, and as part of an effort to restore naturally 

reproducing populations, hatchery-reared fish have been 

stocked since the early 1960s. Stocked fish are marked with a 

fin clip to differentiate them from wild, lake-produced Lake 

Trout; marking error for the 2007–2010 year-classes of Lake 

Trout stocked by federal hatcheries averaged 3.0%. Egg 

deposition, emergent fry, and wild juvenile Lake Trout have 

previously been observed, but no sustained wild recruitment 

has been measured in assessment surveys or in sport and 

commercial fishery catches. In 2011 and 2012, we caught 

juvenile Lake Trout in gill-net and bottom trawl catches that 

were targeting Bloater in water depths greater than 80 m. 

Unclipped, wild Lake Trout represented 20% of all Lake 

Trout caught in a southern offshore region of Lake Michigan. 

In northwestern Lake Michigan wild recruits represented 

from 10% to 27% of the 2007–2009 year-classes and we 

recovered a small number of wild Lake Trout from the 2010 

year-class. This is the first evidence for consecutive year-

classes of naturally produced Lake Trout surviving beyond 

the fry stage in Lake Michigan. 

 

Lake Michigan once supported the world’s largest 

commercial fishery for Lake Trout, but in the 1950s all 

populations in Lake Michigan and in most other Great Lakes 

were extirpated due to predation by Sea Lamprey and 

overfishing. In 1960, the USFWS began stocking Lake Trout 

fingerlings and yearlings to restore self-sustaining 

populations in Lake Michigan; Illinois, Michigan, and 

Wisconsin state agencies also stocked Lake Trout in later 

years. Between 2000 and 2010, an average of 2.8 million 

fall-fingerling and yearling Lake Trout were stocked 

annually in Lake Michigan. Stocked fish have been marked 

by the removal of one or more fins; fin clips were rotated 

every 6 years to help differentiate year-classes at recapture. 

 

Also, a proportion of the 1984, 1985, 1988–2004, and 2009 

year-classes, and all fish in the 2010–2011 year-classes were 

 

 

 
Fig 1-Gill-net and trawl survey locations in 2011 and 2012  

where Lake Trout were captured in Bloater spawner surveys 

 

tagged with coded wire tags (CWT) and marked with an 

adipose fin clip. These marks and tags allowed stocked fish 

to be differentiated from wild fish. Fin clip marking error, 

measured as the percentage of fish that were unintentionally 

released without fin clips, averaged about 6% in federal 

hatcheries between 1990 and 2001 (Bronte et al. 2007). 

Despite nearly five decades of stocking, there has been no 

consistent wild juvenile Lake Trout recruitment in Lake 

Michigan as evidenced by the recovery of unclipped fish. 
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Stocked Lake Trout survive to spawn in Lake Michigan, and 

egg deposition fry emergence, and recruitment of wild age-1 

and older Lake Trout have been reported. However, 

recruitment of wild age-1 and older Lake Trout has been not 

been consistent. Population assessments performed between 

1983 and 1989 in Grand Traverse Bay and nearby Platte Bay 

in northeastern Lake Michigan documented that 15% of the 

1976 year-class, 8.9% of the 1981 year-class, and 5.7% of 

the 1983 year-class comprised unclipped, presumably wild 

Lake Trout, but none thereafter. 

 

Since 2010, the USFWS has collected Bloater gametes 

during winter at multiple deepwater (>80 m) locations in 

western Lake Michigan to support reintroduction efforts into 

Lake Ontario. As part of these collections, many juvenile 

Lake Trout were captured, and here we summarize the 

demographics of this bycatch that provide evidence of 

consecutive and consistent natural reproduction by Lake 

Trout in Lake Michigan. 

 

 
Fig 2-Stacked barplot showing length frequencies for fin-clipped 

and unclipped Lake Trout caught in gill-net and trawl sampling, 

2012. The top panel shows the total catch while the lower four 

panels show the proportion within each length bin by year-class. 

 

For the 2007–2010 year-classes of Lake Trout stocked in 

Lake Michigan, mean weighted lake-wide marking error 

averaged 3.0%, and was 2.5% for fish stocked near 

Milwaukee and <1% near Manitowoc and the northern Door 

Peninsula. Stocked Lake Trout from the 2010 year-class 

were marked with an adipose fin clip and tagged with a 

CWT. Loss of CWTs averaged 2.5% in the hatchery for the 

2010 year-class; hence, the probability that this year-class 

was stocked with no CWT and no fin clip was <0.09%. We 

inferred wild recruitment when the proportion of unclipped 

Lake Trout exceeded 3.0% of all Lake Trout caught, which 

we noted was a conservative estimate given that marking 

error in Wisconsin waters was lower than the lake-wide 

mean. 

 

In 2011, three gill-net lifts were made in southern Lake 

Michigan, but Lake Trout bycatch was only retained from the 

last lift on February 10. A total of 295 Lake Trout were 

caught resulting in a CPUE of 24.2 fish/km of net per night 

fished. Lake Trout mean TL was 385 mm (SD = 101 mm) 

and 93% of the fish were less than 500 mm. The percentage 

of unclipped fish was 20.0% (59 of 295) and no CWTs or fin 

regeneration were detected in these unclipped fish. The 

majority of the unclipped fish were probably from the 2006 

and 2007 year-classes based on the age–length frequencies of 

stocked fish. For fin-clipped fish less than 500 mm (n = 216), 

3.7% were from the 2005 year-class, 42.6% from the 2006 

yearclass, 45.8% from the 2007 year-class, and 6.0% were 

from the 2008 year-class. No Lake Trout less than 500 mm 

possessed an adipose fin clip or a CWT. 

 

In 2012, eight gill-net lifts off the northern Door Peninsula 

were made between January 21 and February 23. A total of 

180 Lake Trout were caught and the mean CPUE was 0.8 

(SD = 0.3). Lake Trout mean TL was 353 mm (SD =86 mm); 

14.4% (26 of 180) of all Lake Trout were unclipped and none 

of these fish contained CWTs. Six fin-clipped fish contained 

CWTs: two fish of the 2009 year-class and one fish of the 

2010 year-class all stocked in the Northern Refuge, and one 

each from the 1999, 2000, and 2003 year-classes stocked in 

the Southern Refuge. The single bottom trawl tow near 

Manitowoc caught four Lake Trout. Three fish were 

unclipped (75%) and had a mean length of 190 mm (SD = 13 

mm), while a 224-mm fin-clipped Lake Trout with a CWT 

code of the 2010 year-class stocked at multiple locations as 

fall fingerlings was also captured. The percentages of 

unclipped fish caught in 2012 were 22.7, 27.0, 10.0, and 

60.0% for the 2007, 2008, 2009, and 2010 year-classes, 

respectively (Fig 2). Size comparisons within year-classes 

indicate unclipped Lake Trout were smaller than fin-clipped 

fish at ages 2 and 3, but modal size was similar for fish 

captured at ages 4 and 5 (Fig 2). 

 

Summary 
We have provided the first evidence of consistent recruitment 

of wild age-1 and older Lake Trout in Lake Michigan based 

on the percent of unclipped Lake Trout that exceeded the 

3.0% lakewide marking error for Lake Trout stocked 

between 2007 and 2010. In northwestern Lake Michigan we 

observed contribution of wild recruits for the 2007 (22.7%), 

2008 (27.0%), 2009 (10.0%), and 2010 (60.0%) year-classes 

(though the sample size for the 2010 year-class was small). 

The length frequencies of these fish at ages 4 and 5 were 

similar between wild and stocked fish, which suggests we 

can be reasonably confident in our year-class assignments 
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where no otolith was available. Twenty percent of the Lake 

Trout we sampled in the southern offshore location in Lake 

Michigan were wild recruits, and length frequency 

comparisons suggested these were most probably age-5 fish 

from the 2006 year-class and age-4 fish from the 2007 year 

class. 

 

The occurrence of these wild fish is much higher than can be 

attributed to marking error and provides evidence of some 

successful Lake Trout natural reproduction during 2007–

2010 in northwestern Lake Michigan, in addition to the 2006 

and 2007 year-classes in the southern portion of the lake.  

 

Our findings are corroborated by a small yet notable increase 

in the mean percentage of unclipped Lake Trout caught in the 

standardized, multiagency, spring, graded-mesh gill net 

survey. The spring survey targets Lake Trout at depths 

between 15 and 61 m in nine nearshore areas and offshore in 

the Northern and Southern Refuges. Generally Lake Trout 

recruit to this survey’s graded mesh, beginning at age 3 with 

a modal age of 5. Between 1999 and 2010, <3% of the Lake 

Trout catch from all sites combined were unclipped. In 2011, 

4.3% of all Lake Trout caught in the spring survey were 

unclipped and these fish were smaller (mean = 563 mm) than 

fin-clipped fish (638 mm). Our Bloater surveys employed 

65-mm stretch mesh in deepwater (>80 m) habitats preferred 

by juvenile Lake Trout and we caught mostly small Lake 

Trout < 500 mm. The 2006 year-class of wild Lake Trout 

captured in our survey probably contributed to the 2011 

spring survey catch (as 5-year-old fish); however, later year-

classes were not yet fully recruited. We predict the 

percentage of wild fish will continue to increase as natural 

recruits from 2007 and later year-classes become vulnerable 

 to the spring survey, but the percentage of unclipped 

recoveries lakewide reflects both the proportion of wild 

recruits relative to stocked fish and the spatial scale over 

which natural recruits are produced.  

 

In 2011, 16 of 154 (10.4%) Lake Trout sampled in the spring 

survey near Waukegan, Illinois, were unclipped, which 

provides evidence that wild recruits are also being produced 

in Illinois waters in addition to the southern offshore and 

nearshore waters near Manitowoc and the northern Door 

Peninsula where we detected wild fish. 

 

Impediments to natural reproduction of Lake Trout in Lake 

Michigan have been evaluated and are summarized as having 

poor survival of early life stages, a lakewide population too 

low to overcome bottlenecks, and inappropriate stocking 

practices. Currently Lake Trout total and adult abundance 

remains below target levels. Thiamine deficiency complex 

has been implicated as the primary cause for poor survival of 

early life stages. This complex is linked to a maternal diet of 

Alewives that causes a thiamine deficiency in eggs that result 

in poor hatching success and high post hatch mortality 

among fry. In Lake Michigan, mean egg thiamine levels in 

Lake Trout have increased in recent years and are correlated 

with a concomitant decrease in Alewife abundance. Lake 

Trout eggs now exceed the 4-nmol/g thiamine concentration 

threshold level and meet the definition of viable eggs for 

restoration efforts at most sites; this may partially explain the 

recent detection of wild recruits. Based on our results, it 

appears that some reproduction of Lake Trout is now 

occurring in western Lake Michigan, albeit at a low level. As 

progress toward the abundance and egg quality targets for 

rehabilitation continues, we would expect increasing levels 

of wild recruitment to occur.  

 

 

 

 

 

Salmonid Stocking Totals for Lake Michigan 1976-2012 
The Great Lakes Fishery Commission’s fish stocking 

database is designed to summarize federal, provincial, state, 

and tribal fish stocking events. This database contains agency 

provided records dating back to the 1950’s 

(http://www.glfc.org/fishstocking/). The purpose of this 

report is to briefly summarize the information in the GLFC 

database for Lake Michigan federal lake trout stocking and 

stocking rates of all salmonids within state waters of Lake 

Michigan (Table 1).  

 

A summary of lake trout stocking locations, described by 

priority area in A Fisheries Management Implementation 

Strategy for the Rehabilitation of Lake Trout in Lake 

Michigan, is also included (Figure 1). Salmonid stocking 

totals for each state are described in Tables 2-5 (Wisconsin, 

Illinois, Indiana, and Michigan, respectively). 

 

 

 

  

http://www.glfc.org/fishstocking/
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Table 1-Millions of salmonids, fingerling and yearling stages combined, stocked between 1976 and 2012 
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Table 2-Number of fingerling and yearling salmonids, excluding USFWS stocked lake trout, stocked in Wisconsin waters, 1976 – 2011 
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Table 3-Number of fingerling and yearling salmonids, excluding 

USFWS stocked lake trout, stocked in Illinois waters, 1976 – 2012 

 

 

         
Fig 1-First and 2nd priority areas for Lake Trout in Lake 

Michigan 

 

 
Table 4-Number of fingerling and yearling salmonids, excluding 

USFWS stocked lake trout, stocked in Indiana waters, 1976 – 

2012 
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Table 5- Number of fingerling and yearling salmonids, excluding USFWS stocked lake trout, stocked in Michigan waters, 1976 – 2012 
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2012 Lake Michigan Lake Trout Working Group Report 
This report provides an overview of the status of lake trout 

populations and restoration efforts in Lake Michigan. It 

provides a quick, graphical representation of pertinent data, 

and is structured to review the population objectives 

articulated in A Lake Trout Restoration Guide for Lake 

Michigan. Graphical presentations provide current measures 

within a time series (when available) and compare current 

values with target values to gauge progress towards 

restoration. 

 

Overall Goal of Restoration efforts  
In targeted rehabilitation areas, reestablish genetically 

diverse populations of lake trout composed predominately of 

wild fish able to sustain fisheries.  

 

Objective 1: (Increase genetic diversity):  Increase the 

genetic diversity of lake trout by introducing morphotypes 

adapted to survive and reproduce in deep-water, offshore 

habitats, while continuing to stock shallow-water 

morphotypes.  

 

Results show the Klondike Reef strain from Lake Superior 

has been recommended for introduction to deep-water 

habitats; the LMC has decided that a limited number should 

be stocked experimentally in the near future. In 2012, about 

80,000 Klondike Reef strain yearlings were stocked on 

Northeast Reef in the Mid-lake Refuge (MLR), also known 

as the Southern Refuge. Lean lake trout from Seneca Lake 

(Finger Lakes, NY), Apostle Islands (Lake Superior), and 

Lewis Lake (Lake Michigan remnant) have been selected as 

the primary lean lake trout strains. Additionally, a remnant, 

nearshore form of lean lake trout from Parry Sound (Lake 

Huron) has been raised in USFWS hatcheries and is 

scheduled to be stocked into Lake Michigan during 2013.  

 

Objective 2: (Increase overall abundance): By 2014, 

increase densities of lake trout populations in targeted 

rehabilitation areas to levels observed in other Great Lakes 

locations where recruitment of wild fish to the adult 

population has occurred. To achieve this objective, CPUE in 

spring assessments should consistently exceed 25 lake 

trout/1000 feet of graded-mesh (2.0 – 6.0 inch) gill net 

fished.  

 

Results: Spring gill net assessments in 2012 indicated that 

overall abundance remains substantially below the target 

level of 25 lake trout/1000 ft of net (horizontal line) 

lakewide. In most areas, abundance was well below the 

target level. However, abundance has, at times, approached 

or exceeded the target level in a few statistical districts 

(Illinois waters, MM-5, MM-6, and WM-5) and in the MLR. 

According to the spring assessments, lakewide lake trout 

abundance decreased from about 9 fish/1000 ft in 2011 to 

about 7 fish/1000 fit in 2012. 

 

 

                     
Lake Michigan lakewide management zones 

 

Objective 3: (Increase adult abundance): By 2020, achieve 

densities of spawning adult lake trout in targeted 

rehabilitation areas comparable to those observed in other 

Great Lakes locations where recruitment of wild fish to the 

adult population has occurred. To achieve this objective, 

CPUE in fall assessments should consistently exceed 50 

fish/1000 ft of graded-mesh (4.5-6.0 inch) gill net fished.  

 

 
Fig. 1 - Abundance of lake trout spawners, by reef, 

2012 fall spawner surveys (4.5- 6.0 inch mesh gill nets).  

Horizontal black line represents the LTWG fall survey 

benchmark of 50 fish per 1000 ft of gill net 
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Results: Of the 12 spawning areas sampled during fall 2012, 

6 areas met or exceeded the target (Fig. 1). In some areas, 

abundance of adult fish is low and may not be adequate to 

result in egg deposition rates sufficiently high to overcome 

impediments to rehabilitation. The lowest spawner 

abundances were measured at Big Reef, Boulder Reef, and 

Gull Island Reef within the Northern Refuge. These low 

abundances could be attributed, at least in part, to reduced 

stocking rates within the Northern Refuge during 1995-

2008. 

 

Objective 4: (Build spawning populations): By 2024, 

spawning populations in targeted rehabilitation areas stocked 

prior to 2008 should be at least 25% females and contain 10 

or more age groups older than age 7. These milestones 

should be achieved by 2032 in areas stocked after 2008.  

 

Results: On average, the percentage of females in the fall 

spawner surveys conducted during 2012 exceeded the 

benchmark value of 25% (Fig. 2). Moreover, the percentage 

of females in the fall spawner catch during 2012 exceeded 

25% at 7 of the 12 locations included in the plot. 

 
Fig. 2 - Percentage of fall spawners that were female by location, 

fall 2012. Horizontal black line represents LTWG fall survey 

benchmark value of 25%. 

 

Objective 5: (Detect egg deposition): By 2021, detect a 

minimum density of 500 viable eggs/m2 (eggs with thiamine 

concentrations > 4 nmol/g) in previously stocked areas. This 

milestone should be achieved by 2025 in newly stocked 

areas.  

 

Results: Egg deposition rates have remained low at the sites 

where egg deposition has been measured in northern Lake 

Michigan during 2000-2009. Nearly all of the measured 

densities of lake trout eggs have been less than 60 eggs/m2 

(Fig 3). 

 
Fig.3 - Numbers of lake trout eggs observed per square meter 

 in northern Lake Michigan fall egg deposition surveys .Egg 

 deposition was measured using standard bag methodologies 

 

Objective 6: (Detect recruitment of wild fish): Consistent 

recruitment of wild lake trout in targeted rehabilitation areas 

should occur as follows: by 2022 detect age-1 fish in bottom 

trawls, by 2025 detect age-3 fish in spring graded-mesh-gill-

net assessments, and by 2028 consistently detect sub-adults.  

 

Results: In 2012, 5.0% of lake trout caught during the spring 

LWAP survey were fish that had no fin clip which is above 

the recently estimated 3.0% rate of marking error (fish 

released from the hatchery without a fin-clip). This suggests 

that natural reproduction is slowly increasing in at least 

some areas of Lake Michigan (Fig. 4).  

 

In 2011 and 2012, about 20% of the juvenile lake trout 

incidentally caught in gill nets set for bloaters off the Door 

Peninsula and Mid-lake reef in Wisconsin during February 

surveys were unclipped fish and most were <500 mm in 

length.  

    
Fig. 4 - Percentage of lake trout captured in spring  surveys 

without fin clips. Lack of a fin clip suggests  the fish were 

produced in the lake 
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In 2013, gillnet collections off Door Peninsula returned 22% 

(29 of 129) unclipped while bottom trawls near Manitowoc 

had an unclipped recovery rate of 21% (7 of 33). The most 

substantive evidence of natural reproduction was in 2012 fall 

spawn surveys in Illinois waters were 50% (262 of 528) of 

lake trout were unclipped. Lastly the USGS Great Lakes 

Science Center (GLSC) fall bottom trawl survey in 

September and October of 2012 caught 4 age-0 lake trout 

and 2 were wild. Since 2005, 18 of the 113 lake trout, or 

16% of the lake trout, caught in the GLSC bottom trawl 

survey were unclipped. Prior to 2005, less than 2% of the 

lake trout caught in the GLSC bottom trawl survey were 

unclipped. 

 

Lake trout stocking  
The U. S. Fish and Wildlife Service stocked 2.96 million 

yearling (14-16 months old) lake trout into Lake Michigan in 

2012. Stocking totals for each state jurisdiction were 

122,692 in Illinois, 42,420 in Indiana, 2,093,339 in 

Michigan, and 703,349 in Wisconsin (Fig. 5). All yearling 

fish received an AD fin clip paired with a coded wire tag. 

The stocked yearling lake trout consisted of four strains: 

Apostle Islands, Lewis Lake, Seneca Lake, and Klondike 

Reef. All Klondike Reef strain lake trout were stocked at 

Northeast Reef. Additionally, 552,847 fall fingerlings (Parry 

Sound, Lewis Lake, Apostle Islands, and Seneca Lake) were 

stocked into nearshore waters of Lake Michigan.  

 

End  

 

 

 

 
Fig. 5 - Spring yearling and fall fingerling lake trout  stocking 

 in Lake Michigan, 2012 

 

 

 


