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Supplementary Information Text 24 

Lipid correction model for δ13C. Lipid correction of δ13C is essential in fish with widely varying 25 

lipid content because the formation of lipids results in a negative δ13C fractionation which can 26 

affect the bulk signature when comparing between individual fish and species. To better 27 

ascertain the carbon energy pathways of the fish, various correctional methods are used based 28 

on either analytical or mathematical methods1,2. Here, the latter is used and in the absence of 29 

lipid content, C:Nbulk ratio is used as a proxy as suggested by Fry et al3. 30 

 31 

𝛅𝟏𝟑𝐂𝒍𝒊𝒑𝒊𝒅 𝒇𝒓𝒆𝒆 =  𝛅𝟏𝟑𝐂𝒃𝒖𝒍𝒌 + (𝜟𝛅𝟏𝟑𝐂𝒍𝒊𝒑𝒊𝒅 ∗ (𝑪: 𝑵𝒍𝒊𝒑𝒊𝒅 𝒇𝒓𝒆𝒆 − 𝑪: 𝑵𝒃𝒖𝒍𝒌))/𝑪: 𝑵𝒃𝒖𝒍𝒌 (Equation S1) 32 

 33 

Where the Δδ13Clipid  (-6.5 ‰) is the recommended constant for fish muscles with a C:Nbulk 34 

ranging 3.4 to 15.3 and C:Nlipid (3.4) is the molar ratio of free lipids. From this, percent lipids can 35 

be estimated using the molar C:N ratio1,2.  36 



 37 

 38 

Fig. S1. Total mercury (HgT ng g-1 dry weight [DW]) and mercury (Hg) accumulation rate (ng cm-39 
2 yr-1) for two cores collected in Lake Michigan.   40 

41 



 42 

Figure S2. (Top): Percent lipid content in lake trout calculated by the methods mentioned in 43 

supplemental text and elsewhere1,2. (Bottom): The measured δ13C in lake trout. Each data point 44 

represents a composite of 5 lake trout, and the boxplots were used when 3-5 unique 45 

composites were measured within a single year. Boxplots indicate the mean and quartiles of 46 

the fish composites sampled in a site and year. Whiskers represent the 10th and 90th 47 

percentiles. indicate the mean and quartiles of the fish composites sampled in a site and year. 48 

Plot color indicates site with gray, red and blue representing Charlevoix, Saugatuck and 49 

Sturgeon Bay respectively.   50 

 51 
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 53 

Fig. S3. Sampling map of the Great Lakes Fish Monitoring and Surveillance Program (GLFMSP) 54 

collection sites along with sediment coring sites and bathymetry.  55 

 56 
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 59 

Figure S4. A temporal comparison of the sediments and fish represented in Figure 2. Here, the 60 

slope of Δ199Hg:δ202Hg (traditionally = 2.4) is used to predict whether sediment Hg might 61 

contribute to fish Hg. This slope is resultant of the fractionation in Hg isotopes due to 62 

photochemical demethylation4-7. When the slope is 2.4, the prediction can be made that the 63 

source of Hg in fish is linked to sediments (typically as sedimentary flux of MeHg). Here, only in 64 

the recent 2010s does this slope reflect 2.4 but we hypothesize this is not because sedimentary 65 

fluxes of MeHg affect fish Hg isotope ratios but rather that remnant sedimentary Hg now most 66 

closely resembles Hg bioaccumulated in fish from the environment. Panels A and B emphasize 67 

that prior to 2010s lake sediments were poor predictors of fish Hg sources.  68 

 69 

  70 



 71 
Figure S5. The even-mass independent fractionation values for lake trout and 2 sediment cores. 72 

Each data point represents a composite of 5 lake trout and the boxplots were used when 3-5 73 

unique composites were measured within a single year. Box plots indicate the mean and 74 

quartiles of the fish composites sampled in a site and year. Plot color indicates site with gray, 75 

red, and blue representing Charlevoix, Saugatuck and Sturgeon Bay respectively.   76 

  77 



Table S1. Hg, C and N stable isotope ratios for the lake trout composites along with the d13C 78 

lipid free, C:Nbulk and length and weight measurements (next 3 pages) Site names LM-C, LM-St 79 

and LM-Sa represent Charlevoix, Sturgeon Bay and Saugatuck, respectively. USGS ID is the 80 

unique US Geological Survey identifier code.  81 

 82 
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Table S1. continued 84 

 85 



Table S1. continued 86 

 87 
  88 



Table S2. The Hg stable isotopes and HgT concentrations for 2 dated sediment cores collected 89 

in Lake Michigan.UW ID is the unique University fo Wisconsin Madison identifier code.  90 

 91 

  92 



Table S3. The HgT stable isotope ratio triplicates quality assurance and quality control data. 93 

Relative standard deviation and standard deviation are marked as RSD and sd respectively.  94 

 95 

  96 



Table S4. Triplicate quality assurance data for the carbon and nitrogen isotope analyses. 97 

 98 

99 

δ13C sd δ15N sd

MSC820AA -28.4 0.1 14.6 0.1

MSC850AA -27.3 0.1 14.3 0.1

MSC879AA -27.7 0.0 12.8 0.2

MSC870AA -27.2 0.2 13.9 0.2

MSC830AA -28.9 0.2 14.7 0.2

MSC860AA -27.8 0.1 15.1 0.3

MSC841AA -29.2 0.0 14.2 0.4



Table S5. Secchi depths for Lake Michigan. Raw data including locations may be found on the 100 

U.S. EPA GLNPO, Great Lakes Environmental Database (cdx.epa.gov). 101 

 102 

 103 

 104 
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 109 

 110 

 111 

Season Year 2-yr av sd Max Min Season Year 2-yr av sd Max Min

Spring 1983 9.6 2.1 11.6 7.5 Spring 2000 7.7 1.7 9.4 6.0

Summer 1983.5 9.8 1.8 11.7 8.0 Summer 2000.5 8.2 1.1 9.3 7.1

Spring 1984 9.8 2.6 12.4 7.2 Spring 2001 8.3 2.1 10.3 6.2

Summer 1984.5 9.9 3.1 13.1 6.8 Summer 2001.5 8.9 1.1 9.9 7.8

Spring 1985 10.4 1.9 12.4 8.5 Summer 2002.5 9.4 1.3 10.7 8.1

Summer 1985.5 10.3 3.0 13.3 7.4 Spring 2003 10.2 1.0 11.2 9.2

Spring 1986 9.9 2.2 12.1 7.7 Summer 2003.5 10.6 2.6 13.1 8.0

Summer 1986.5 9.5 3.8 13.3 5.8 Spring 2004 11.5 2.5 13.9 9.0

Spring 1987 9.1 2.6 11.8 6.5 Summer 2004.5 11.9 1.8 13.7 10.1

Summer 1987.5 9.4 1.3 10.7 8.0 Spring 2005 12.5 2.2 14.7 10.4

Spring 1988 8.8 1.3 10.1 7.5 Summer 2005.5 12.9 2.0 15.0 10.9

Summer 1988.5 8.5 1.5 9.9 7.0 Spring 2006 13.4 1.6 15.0 11.9

Spring 1989 8.3 1.4 9.8 6.9 Summer 2006.5 13.1 2.2 15.3 10.9

Summer 1989.5 8.8 2.0 10.8 6.9 Spring 2007 13.2 4.5 17.7 8.7

Spring 1990 8.5 2.3 10.7 6.2 Summer 2007.5 13.7 2.0 15.7 11.7

Summer 1990.5 8.4 2.3 10.6 6.1 Spring 2008 13.9 1.6 15.5 12.2

Spring 1991 7.5 1.9 9.4 5.6 Summer 2008.5 13.6 4.3 17.9 9.3

Summer 1991.5 7.8 1.1 8.9 6.6 Spring 2009 13.6 1.7 15.3 11.9

Spring 1992 7.3 2.5 9.9 4.8 Summer 2009.5 13.5 2.1 15.6 11.4

Summer 1992.5 7.2 1.4 8.5 5.8 Spring 2010 13.3 3.9 17.2 9.5

Spring 1993 6.9 2.4 9.4 4.5 Summer 2010.5 13.4 2.6 16.0 10.8

Summer 1993.5 7.1 1.0 8.1 6.2 Spring 2011 13.2 2.8 16.0 10.4

Spring 1994 7.1 1.2 8.3 6.0 Summer 2011.5 13.7 2.7 16.3 11.0

Summer 1994.5 7.6 1.6 9.2 6.0 Spring 2012 14.0 3.7 17.7 10.3

Spring 1995 7.8 1.1 8.9 6.7 Summer 2012.5 14.7 2.5 17.1 12.2

Summer 1995.5 8.5 1.5 10.0 7.1 Spring 2013 14.4 1.4 15.9 13.0

Spring 1996 8.4 8.4 8.4 Summer 2013.5 15.4 2.2 17.6 13.2

Summer 1996.5 8.4 1.9 10.3 6.5 Spring 2014 15.5 2.0 17.5 13.5

Spring 1997 8.2 2.3 10.4 5.9 Summer 2014.5 15.9 2.2 18.1 13.7

Summer 1997.5 8.3 1.4 9.7 6.9 Spring 2015 15.7 2.9 18.6 12.9

Spring 1998 7.9 3.0 10.9 4.9 Summer 2015.5 16.6 1.8 18.4 14.8

Summer 1998.5 7.8 2.2 10.0 5.5 Spring 2016 16.3 5.1 21.4 11.3

Spring 1999 7.6 1.9 9.5 5.6 Summer 2016.5 17.0 3.2 20.3 13.8

Summer 1999.5 7.9 1.0 8.9 7.0 Spring 2017 16.8 4.7 21.5 12.1
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