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Tables:

Table S-1. Lake Erie total phosphorus (TP) targets and observed/target/expected spring offshore TP 
concentrations.

Table S-2. Mean values (Mean), standard deviation (SD), maximum (Max) and minimum (Min) values of 
the water and total phosphorus (TP) balance components used in this study.

Table S-3. Observed segment-specific total phosphorus (TP; µg P L-1) concentrations for Lake St. Clair 
and Lake Erie.

Table S-4. Model equations for calculating the mean annual TP concentrations for six segments of Lake 
St. Clair – Lake Erie system.

Table S-5. Definitions of abbreviations and variables in the model equations shown in Tables S-4 and S-8, 
as well as in Figures S-1 and S-2.

Table S-6. Coefficients to derive spring and summer total phosphorus (TP) concentrations from the 
simulated mean (spring and summer) values for the three basins of Lake Erie.

Table S-7. Summary of the responses of water quality indicators (Chlorophyll-a1: Chl-a; Secchi disk 
Depth1: SD; seasonal2 Primary Production: PP; annual Fish community Production3: FP; and, annual 
mean Fish community standing Biomass3: FB) to total Lake Erie total phosphorus (TP) load reductions 
from the previous target load of 11,000 MTA (IJC, 1978) to a new target load of 6,600 MTA (GLWQA, 
2016) derived from the load-response curves presented in Figures S-1 and S-2.

Table S-8. Mean offshore TP concentrations (µg P L-1) as a function of loads (per 1000 MTA) using the 
steady state response matrix (Table 2).

Table S-9. Steady state response matrix for the St. Clair Lake – Lake Erie continuum for the 2003- 
2016 period. The values indicate the contributions to the mean annual TP concentration (µg P L-1) in 
each segment (row) of the TP inflow from Lake Huron and those of the TP watershed load without 
accounting for the TP atmospheric deposition of the segment itself and any upstream segment.

Figures:

Figure S-1. Basin-specific load-response curves developed for Lake Erie for (a) summer Chlorophyll-a 
(Chl-a) concentration, (b) summer Secchi disk depth (SD), and (c) seasonal (May 1 – October 31) 
integral primary production by phytoplankton versus total Lake Erie total phosphorus (TP) loadings.

Figure S-2. Basin-specific and lake-wide (Lake Erie) load-response curves developed for Lake Erie for 
(a) fish community production (FP), and (b) for fish community standing biomass (FB) using global 
relationships between the seasonal average total phosphorus (TP) concentration (Fig. 4a this study) 
and FP and FB (Downing et al., 1990); (c) and (d) shows the same load-response curves as (a) and (b) 
but scaled to account for the entire basin or lake.
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Table S-4. Model equations for calculating the mean annual TP concentrations for six segments 
of Lake St. Clair – Lake Erie system.  See Table S-5 for the definitions of the symbols.  

I.D.# Segment Equation Eq. # 

1.1 St. Clair River 
(SCR) 𝑐𝑐𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑐𝑐𝑖𝑖𝑖𝑖𝑆𝑆𝑆𝑆𝑆𝑆  ∙  

𝑅𝑅𝑝𝑝
𝑆𝑆𝑆𝑆𝑆𝑆(𝐼𝐼𝐼𝐼)

𝑅𝑅𝑤𝑤
𝑆𝑆𝑆𝑆𝑆𝑆(𝐼𝐼𝐼𝐼) 

(9) 

1.2  
𝑐𝑐𝑖𝑖𝑖𝑖𝑆𝑆𝑆𝑆𝑆𝑆 =  𝑊𝑊𝑡𝑡

𝑆𝑆𝑆𝑆𝑆𝑆

𝑄𝑄𝑡𝑡𝑆𝑆𝑆𝑆𝑆𝑆
=  𝑊𝑊𝑠𝑠

𝐿𝐿𝐿𝐿 +𝑊𝑊𝑤𝑤
𝑆𝑆𝑆𝑆𝑆𝑆

𝑄𝑄𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 + 𝑄𝑄𝑤𝑤𝑆𝑆𝑆𝑆𝑆𝑆
 

(10) 

2.1 Lake St. Clair 
(LSC) 𝑐𝑐𝐿𝐿𝐿𝐿𝐿𝐿 = 𝑐𝑐𝑖𝑖𝑖𝑖𝐿𝐿𝐿𝐿𝐿𝐿  ∙  

𝑅𝑅𝑝𝑝
𝐿𝐿𝐿𝐿𝐿𝐿(𝐼𝐼𝐼𝐼)

𝑅𝑅𝑤𝑤
𝐿𝐿𝐿𝐿𝐿𝐿(𝐼𝐼𝐼𝐼) 

(11) 

2.2  
𝑐𝑐𝑖𝑖𝑖𝑖𝐿𝐿𝐿𝐿𝐿𝐿 =  𝑊𝑊𝑡𝑡

𝐿𝐿𝐿𝐿𝐿𝐿

𝑄𝑄𝑡𝑡𝐿𝐿𝐿𝐿𝐿𝐿
=  
𝑊𝑊𝑠𝑠

𝑆𝑆𝑆𝑆𝑆𝑆 +𝑊𝑊𝑤𝑤
𝐿𝐿𝐿𝐿𝐿𝐿 + 𝑊𝑊𝑎𝑎𝑎𝑎𝑎𝑎

𝐿𝐿𝐿𝐿𝐿𝐿 +𝑊𝑊𝑔𝑔𝑔𝑔𝐿𝐿𝐿𝐿𝐿𝐿
𝑄𝑄𝑠𝑠𝑆𝑆𝑆𝑆𝑆𝑆 + 𝑄𝑄𝑤𝑤𝑆𝑆𝑆𝑆𝑆𝑆 +𝑄𝑄𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆𝑆𝑆 + 𝑄𝑄𝑔𝑔𝑔𝑔𝑆𝑆𝑆𝑆𝑆𝑆

 
(12) 

3.1 Detroit River 
(DR) 𝑐𝑐𝐷𝐷𝐷𝐷 = 𝑐𝑐𝑖𝑖𝑖𝑖𝐷𝐷𝐷𝐷  ∙  

𝑅𝑅𝑝𝑝
𝐷𝐷𝐷𝐷(𝐼𝐼𝐼𝐼)

𝑅𝑅𝑤𝑤
𝐷𝐷𝐷𝐷(𝐼𝐼𝐼𝐼) 

(13) 

3.2  
𝑐𝑐𝑖𝑖𝑖𝑖𝐷𝐷𝐷𝐷 =  𝑊𝑊𝑡𝑡

𝐷𝐷𝐷𝐷

𝑄𝑄𝑡𝑡𝐷𝐷𝐷𝐷
=  
𝑊𝑊𝑠𝑠

𝐿𝐿𝐿𝐿𝐿𝐿 +𝑊𝑊𝑤𝑤
𝐿𝐿𝐿𝐿𝐿𝐿 + 𝑊𝑊𝑎𝑎𝑎𝑎𝑎𝑎

𝐿𝐿𝐿𝐿𝐿𝐿 +𝑊𝑊𝑔𝑔𝑔𝑔𝐿𝐿𝐿𝐿𝐿𝐿
𝑄𝑄𝑠𝑠𝐿𝐿𝐿𝐿𝐿𝐿 + 𝑄𝑄𝑤𝑤𝑆𝑆𝑆𝑆𝑆𝑆 +𝑄𝑄𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆𝑆𝑆 + 𝑄𝑄𝑔𝑔𝑔𝑔𝑆𝑆𝑆𝑆𝑆𝑆

 
(14) 

4.1 Western Basin 
(WB) 𝑐𝑐𝑊𝑊𝑊𝑊 = 𝑐𝑐𝑖𝑖𝑖𝑖𝑊𝑊𝑊𝑊  ∙  

𝑅𝑅𝑝𝑝
𝑊𝑊𝑊𝑊(𝐼𝐼𝐼𝐼)

𝑅𝑅𝑤𝑤
𝑊𝑊𝑊𝑊(𝐼𝐼𝐼𝐼) 

(15) 

4.2  
𝑐𝑐𝑖𝑖𝑖𝑖𝑊𝑊𝑊𝑊 =  𝑊𝑊𝑡𝑡

𝑊𝑊𝑊𝑊

𝑄𝑄𝑡𝑡𝑊𝑊𝑊𝑊 =  
𝑊𝑊𝑠𝑠

𝐷𝐷𝐷𝐷 +𝑊𝑊𝑤𝑤
𝑊𝑊𝑊𝑊 + 𝑊𝑊𝑎𝑎𝑎𝑎𝑎𝑎

𝑊𝑊𝑊𝑊 +𝑊𝑊𝑔𝑔𝑔𝑔𝑊𝑊𝑊𝑊

𝑄𝑄𝑠𝑠𝐷𝐷𝐷𝐷 + 𝑄𝑄𝑤𝑤𝑊𝑊𝑊𝑊 + 𝑄𝑄𝑝𝑝𝑝𝑝𝑊𝑊𝑊𝑊 +𝑄𝑄𝑔𝑔𝑔𝑔𝑊𝑊𝑊𝑊  
(16) 

5.1 Central Basin 
(CB) 𝑐𝑐𝐶𝐶𝐶𝐶 = 𝑐𝑐𝑖𝑖𝑖𝑖𝐶𝐶𝐶𝐶  ∙  

𝑅𝑅𝑝𝑝
𝐶𝐶𝐶𝐶(𝐼𝐼𝐼𝐼)

𝑅𝑅𝑤𝑤
𝐶𝐶𝐶𝐶(𝐼𝐼𝐼𝐼) 

(17) 

5.2  
𝑐𝑐𝑖𝑖𝑖𝑖𝐶𝐶𝐶𝐶 =  𝑊𝑊𝑡𝑡

𝐶𝐶𝐶𝐶

𝑄𝑄𝑡𝑡𝐶𝐶𝐶𝐶
=  
𝑊𝑊𝑠𝑠

𝑊𝑊𝑊𝑊/𝐶𝐶𝐶𝐶 +𝑊𝑊𝑤𝑤
𝐶𝐶𝐶𝐶 + 𝑊𝑊𝑎𝑎𝑎𝑎𝑎𝑎

𝐶𝐶𝐶𝐶 +𝑊𝑊𝑔𝑔𝑔𝑔𝐶𝐶𝐶𝐶

𝑄𝑄𝑠𝑠
𝑊𝑊𝑊𝑊/𝐶𝐶𝐶𝐶 + 𝑄𝑄𝑤𝑤𝐶𝐶𝐶𝐶 + 𝑄𝑄𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶 + 𝑄𝑄𝑔𝑔𝑔𝑔𝐶𝐶𝐶𝐶

 
(18) 

6.1 Eastern Basin 
(EB) 𝑐𝑐𝐸𝐸𝐸𝐸 = 𝑐𝑐𝑖𝑖𝑖𝑖𝐸𝐸𝐸𝐸  ∙  

𝑅𝑅𝑝𝑝
𝐸𝐸𝐸𝐸(𝐼𝐼𝐼𝐼)

𝑅𝑅𝑤𝑤
𝐸𝐸𝐸𝐸(𝐼𝐼𝐼𝐼) 

(19) 

6.2  
𝑐𝑐𝑖𝑖𝑖𝑖𝐸𝐸𝐸𝐸 =  𝑊𝑊𝑡𝑡

𝐸𝐸𝐸𝐸

𝑄𝑄𝑡𝑡𝐸𝐸𝐸𝐸
=  
𝑊𝑊𝑠𝑠

𝐶𝐶𝐶𝐶/𝐸𝐸𝐸𝐸 + 𝑊𝑊𝑤𝑤
𝐸𝐸𝐸𝐸 +𝑊𝑊𝑎𝑎𝑎𝑎𝑎𝑎

𝐸𝐸𝐸𝐸 + 𝑊𝑊𝑔𝑔𝑔𝑔𝐸𝐸𝐸𝐸

𝑄𝑄𝑠𝑠
𝐶𝐶𝐶𝐶/𝐸𝐸𝐸𝐸 + 𝑄𝑄𝑤𝑤𝐸𝐸𝐸𝐸 + 𝑄𝑄𝑝𝑝𝑝𝑝𝐸𝐸𝐸𝐸 + 𝑄𝑄𝑔𝑔𝑔𝑔𝐸𝐸𝐸𝐸

 
(20) 
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Table S-5. Definitions of notations, acronyms, and variables descriptions in the model equations 
shown in Tables S-4 and S-8, as well as in Figures S-1 and S-2.  

# Notations Explanation (units) 
 

1 TP Total Phosphorus 
2 MT Metric Tonnes 
3 MTA Metric Tonnes per Annum  
4 𝐶𝐶𝑖𝑖 TP concentration in segment i (mg m-3 or µg L-1) 
5 𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖  Mean TP concentration of the inflow to segment i (mg m-3 or µg L-1) 
6 LH, SCR, LSC Abbreviations for Lake Huron (LH), the St. Clair River (SCR), Lake St. Clair (LSC) 
7 DR, WB Abbreviations for the Detroit River (DR), Western Basin (WB) 
8 CB, EB Abbreviations for the Central Basin (CB) and the Eastern Basin (EB) 
9 WB/CB Abbreviation for the outflow/load from the western basin to the central basin 

10 CB/EB Abbreviation for the outflow/load from the central basin to the eastern basin 
11 𝑊𝑊𝑗𝑗

𝑖𝑖  TP load from segment i with subscript j representing a sub-segment component 
(MTA) 

12 𝑄𝑄𝑗𝑗𝑖𝑖  Water load to segment i with subscript j representing a sub-segment component j 
(km3) 

13 s Segment 
14 w Direct watershed  
15 atm Over-lake atmospheric deposition 
16 pr Over-lake precipitation  
17 gr Direct groundwater discharge (km3 yr-1) 
18 t Total water load or total TP load to the segment i  
19 𝑅𝑅𝑝𝑝

𝑖𝑖(𝑖𝑖𝑖𝑖) TP residence time in segment i (days) 
20 𝑅𝑅𝑤𝑤

𝑖𝑖(𝑖𝑖𝑖𝑖) Water residence time in segment i (days) 
21 Chl-a Chlorophyll-a (µg L-1) 
22 PP Seasonal (May 1 – October 31) integrated primary production (g C m-2 yr-1) 
23 SD Secchi disk depth (m) 
24 FP Fish community production (kg ha-1 yr-1) 
25 FB Annual mean fish community standing biomass (kg ha-1) 
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Table S-6. Coefficients to derive spring and summer total phosphorus (TP) concentrations from 
the simulated mean (spring and summer) values for the three basins of Lake Erie:  

Segment 
 

Mean (April & August) 
TP concentration 

 
(µgP L-1) 

Spring (April) 
TP concentration 

 
(µgP L-1) 

Summer (August) 
TP concentration 

 
(µgP L-1) 

 
Western Basin 
 

A 1.191 x A 0.809 x A 

Central Basin 
 B 1.254 x B 0.746 x B 

Eastern Basin 
 C 1.320 x C 0.680 x C 

Note: A, B, and C are arbitrary values for illustration purposes only. 
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Table S-7. Summary of the responses of water quality indicators (Chlorophyll-a: Chl-a; Secchi 
disk Depth: SD; seasonal2 Primary Production: PP; annual Fish community Production: FP; and, 
annual mean Fish community standing Biomass: FB) to total Lake Erie total phosphorus (TP) 
load reductions from the previous target load of 11,000 MTA (IJC, 1978) to a new target load 
of 6,600 MTA (GLWQA, 2016) derived from the load-response curves presented in Figures S-
1 and S-2.  

Water 
Quality 
Indicator 

Units Basin/ 
Lake 

Total Lake Erie Load 
(MTA) 

 Change 

11,000 6,600  Absolute Relative 
(as % change) 

Chl-a1  µg L-1 Western 3.5 2.2  -1.4 -38 
Central 2.2 1.4  -0.8 -35 
Eastern 1.7 1.1  -0.6 -35 

SD1 m Western 3.6 4.8  1.2 32 
Central 4.8 6.0  1.3 27 
Eastern 5.5 6.9  1.4 26 

PP  gC m-2 yr-1 Western 203 143  -61 -30 
Central 139 96  -43 -31 
Eastern 109 73  -35 -32 

FP kg ha-1 yr-1 Western 11.3 8.3  -3 -27 
Central 8.3 6.4  -1.9 -23 
Eastern 7.1 5.5  -1.6 -23 

103 MTA 
yr-1 

Western 3.7 2.7  -1.0 -26.6 
Central 13.4 10.3  -3.1 -23.3 
Eeastern 4.4 3.4  -1.0 -22.9 
Lake 
Erie 21.6 16.5  -5.1 -23.8 

FB  kg ha-1  Western 23.9 17.2  -5.7 -25 
Central 17.2 13.5  -3.7 -22 
Eastern 14.9 11.8  -3.2 -21 

103 MTA  Western 7.5 5.6  -1.9 -24.8 
Central 27.8 21.8  -6.0 -21.7 
Eastern 9.6 7.5  -2.1 -22.7 
Lake 
Erie 44.6 34.7  -9.9 -22.1 

1 Summer values; 2 May 1 to October 31. 
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Table S-8. Mean offshore TP concentrations (µgP L-1) as a function of loads (per 1000 MTA) 
using the steady state response matrix (Table 2). See Table S-5 for the definitions of 
abbreviations and variables.  

I.D.# Equation Eq. # 

1. 𝑐𝑐𝑆𝑆𝑆𝑆𝑆𝑆  = 6.2525 ∙ 𝑊𝑊𝑡𝑡
𝑆𝑆𝑆𝑆𝑆𝑆 = 6.2525 (𝑊𝑊𝑠𝑠

𝐿𝐿𝐿𝐿 +𝑊𝑊𝑤𝑤
𝑆𝑆𝑆𝑆𝑆𝑆) (21) 

2. 𝑐𝑐𝐿𝐿𝐿𝐿𝐿𝐿 = 4.9245 ∙ (𝑊𝑊𝑠𝑠
𝐿𝐿𝐿𝐿 + 𝑊𝑊𝑤𝑤

𝑆𝑆𝑆𝑆𝑆𝑆 + 𝑊𝑊𝑤𝑤
𝐿𝐿𝐿𝐿𝐿𝐿 + 52.2 + 0.3) (22) 

3. 𝑐𝑐𝐷𝐷𝐷𝐷  = 4.9035 ∙ (𝑊𝑊𝑠𝑠
𝐿𝐿𝐿𝐿 +𝑊𝑊𝑤𝑤

𝑆𝑆𝑆𝑆𝑆𝑆 +𝑊𝑊𝑤𝑤
𝐿𝐿𝐿𝐿𝐿𝐿 + 52.2 + 0.3) + 6.0535· 𝑊𝑊𝑤𝑤

𝐷𝐷𝐷𝐷  (23) 

4. 𝑐𝑐𝑊𝑊𝑊𝑊 = 2.5170 ∙ (𝑊𝑊𝑠𝑠
𝐿𝐿𝐿𝐿 +𝑊𝑊𝑤𝑤

𝑆𝑆𝑆𝑆𝑆𝑆 +𝑊𝑊𝑤𝑤
𝐿𝐿𝐿𝐿𝐿𝐿 + 52.2 + 0.3) + 3.1073 ∙ (𝑊𝑊𝑤𝑤

𝐷𝐷𝐷𝐷 +𝑊𝑊𝑤𝑤
𝑊𝑊𝑊𝑊 +

127.2 +  0.9) 
(24) 

5. 𝑐𝑐𝐶𝐶𝐶𝐶 = 0.7321 ∙ (𝑊𝑊𝑠𝑠
𝐿𝐿𝐿𝐿 +𝑊𝑊𝑤𝑤

𝑆𝑆𝑆𝑆𝑆𝑆 +𝑊𝑊𝑤𝑤
𝐿𝐿𝐿𝐿𝐿𝐿 + 52.2 + 0.3) + 0.9038 ∙ (𝑊𝑊𝑤𝑤

𝐷𝐷𝐷𝐷 +𝑊𝑊𝑤𝑤
𝑊𝑊𝑊𝑊 +

127.2 +  0.9) + + 1.4838 ∙ (𝑊𝑊𝑤𝑤
𝐶𝐶𝐶𝐶 + 624.0 + 4.5) 

(25) 

6. 𝑐𝑐𝐸𝐸𝐸𝐸 = 0.3620 ∙ (𝑊𝑊𝑠𝑠
𝐿𝐿𝐿𝐿 + 𝑊𝑊𝑤𝑤

𝑆𝑆𝑆𝑆𝑆𝑆 + 𝑊𝑊𝑤𝑤
𝐿𝐿𝐿𝐿𝐿𝐿 + 52.2 + 0.3) + 0.4469 ∙ (𝑊𝑊𝑤𝑤

𝐷𝐷𝐷𝐷 + 𝑊𝑊𝑤𝑤
𝑊𝑊𝑊𝑊 +

127.2 + 0.9) +  + 0.7322 ∙ (𝑊𝑊𝑤𝑤
𝐶𝐶𝐶𝐶 + 624.0 + 4.5) + 1.3063 ∙ (𝑊𝑊𝑤𝑤

𝐸𝐸𝐸𝐸 + 241.1 + 1.8) 

(26) 

Numbers used throughout equations have the following meaning:  
• 52.2, 127.2, 624.0 and 241.1, over-lake total atmospheric deposition of TP in MTA to Lake St. Clair, 

western basin, central basin, and eastern basin, respectively.  
• 0.3, 0.9, 4.5, and 1.8, TP load in MTA with the direct ground water discharge into Lake St. Clair, western 

basin, central basin, and eastern basin, respectively 
• All other numbers represent the equation coefficients 

 
  



Bocaniov et al. / Aquatic Ecosystem Health and Management 26 (2023) S7–S14S12

 
 

Table S-9. Steady state response matrix for the St. Clair Lake – Lake Erie continuum for the 
2003- 2016 period. The values indicate the contributions to the mean annual TP concentration 
(µg P L-1) in each segment (row) of the TP inflow from Lake Huron and those of the TP 
watershed load without accounting for the TP atmospheric deposition of the segment itself and 
any upstream segment. Abbreviations are the same as in Table 2.  

 Watershed load Total 
concentration LH SCR LSC DR WB CB EB 

Response         
    St. Clair River (SCR) 11.64 1.30      12.94 
    Lake St. Clair (LSC) 9.17 1.02 4.49     14.68 
    Detroit River (DR) 9.14 1.02 4.47 4.03    18.66 
    Western Basin (WB) 4.68 0.53 2.30 2.07 9.38   18.96 
    Central Basin (CB) 1.37 0.15 0.67 0.60 2.73 3.77  9.29 
    Eastern Basin (EB) 0.68 0.07 0.33 0.30 1.35 1.86 1.90 6.49 
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Figure S-1. Basin-specific load-response curves developed for Lake Erie for (a) summer 

Chlorophyll-a (Chl-a) concentration, (b) summer Secchi disk depth (SD), and (c) seasonal (May 

1 – October 31) integral primary production by phytoplankton (PP) versus total Lake Erie total 

phosphorus (TP) loadings using literature reported relationships between spring TP 

concentration (Fig. 4b this study) and summer Chl-a and SD (Dove and Chapra, 2015), and 

between mean seasonal TP concentration (Fig. 4a this work) and seasonal (May 1 – October 31) 

PP (Millard et al., 1996; Graham et al., 1996). WB, CB, and EB mean western, central and 

eastern basins of Lake Erie, respectively.  
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Figure S-2. Basin-specific and lake-wide (Lake Erie) load-response curves developed for Lake 

Erie for (a) fish community production (FP), and (b) for fish community standing biomass (FB) 

using global relationships between the season-averaged total phosphorus (TP) concentration 

(Fig. 4a this study) and FP and FB (Downing et al., 1990); (c) and (d) shows the same load-

response curves as (a) and (b) but scaled to account for the entire basin or lake. WB, CB, and 

EB mean western, central and eastern basins of Lake Erie, respectively, while Lake Erie means 

entire lake. 
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Total Lake Erie TP Load (1000 MTA)

CB: y = 5.4661 x0.4792

EB: y = 4.8582 x0.4687

WB: y = 2.6414 x0.6062

WB: y = 0.8674 x0.6062

Lake Erie: y = 13.78 x0.4899 

EB: y = 3.0291 x0.4687


