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1. Phosphorus remains oxidized and, except for advective and physical removal processes, is 46 

conserved within aquatic ecosystems. In contrast, the quantity and composition of nitrogen 47 

(N) forms are affected by redox conditions and biogeochemical exchanges with 48 

atmospheric N2 via N fixation and denitrification, which add or remove available N, 49 

respectively. The relative importance of N and P in CyanoHAB dynamics in lakes is the 50 

subject of unresolved debate (1–7), although evidence is mounting for the importance of 51 

dual nutrient management strategies. 52 

2. The stoichiometric approach (8) reflects the recent history of plankton growth conditions 53 

(e.g., 9). It identifies the apparent ‘limiting’ nutrient(s), but does not account for co-54 

limitation (i.e., balanced growth) varying in space and time (4,10). Moreover, it does not 55 

account for the fact that organisms have genus (and often species) specific demands and 56 

abilities to assimilate nutrients (11,12). Nutrient addition and dilution experiments that 57 

overcome algal growth deficiency issues can provide meaningful insights into nutrient 58 

limitation and/or co-limitation at specific periods. However, experiments are time 59 

consuming and do not capture some ecosystem processes involved in controlling algal 60 

blooms (e.g., seasonal changes, sediment-water column nutrient exchange, predation, 61 

etc.).  62 

3. Water samples (ca. 10 ml) were collected from each bottle and filtered (0.2 µm pore size 63 

Nylon filter) immediately before and after each incubation. The first three ml of sample, at 64 

minimum, rinsed the filter, and the remaining seven ml of filtrate were frozen in an NH4
+-65 

free 8 ml glass vial (Wheaten; 13) for analysis by AIRTS-HPLC (14). Maumee Bay 66 

samples from 2015 were analyzed using OX/MIMS (15).   67 
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SI Table 1. Data used to compare the effects of temperature on CBAD measurements.   68 

Site Name Station Date Chl (mg/L) Temp (C) 
Lake Maracaibo 1.1 Sept 1995 22.0 31.2 
Lake Maracaibo 1.3 Sept 1995 13.5 30.8 
Lake Maracaibo 2.1 Sept 1995 4.1 31.2 
Lake Maracaibo 2.5 Sept 1995 4.5 30.5 
Lake Maracaibo 3.1 Sept 1995 3.5 30.3 
Lake Maracaibo 3.5 Sept 1995 3.7 30.3 
Lake Maracaibo 4.5 Sept 1995 ND 30.6 
Lake Maracaibo 5.1 Sept 1995 7.3 30.4 
Lake Maracaibo 5.5 Sept 1995 5.0 30.3 

Taihu Lake River May 2004 10.2 22.6 
Taihu Lake Mid Bay May 2004 16.5 22.1 
Taihu Lake Lower Bay May 2004 11.7 21.8 
Taihu Lake Open Lake May 2004 7.8 21.3 
Taihu Lake E1 May 2004 ND ND 
Taihu Lake E2 May 2004 ND 23.5 
Taihu Lake E3 May 2004 ND 25.0 
Taihu Lake E4 May 2004 ND 24.0 

W. Lake Erie River July 2004 4.5 26.5 
W. Lake Erie Mid Bay July 2004 6.8 22.1 
W. Lake Erie Open Lake July 2004 2.0 23.5 

Lake Erie HE Sept 2005 5.3 20.8 
Lake Erie AS Sept 2005 ND 20.9 
Lake Erie AE Sept 2005 3.7 19.4 
Lake Erie BW Sept 2005 ND 19.3 
Lake Erie 958 Sept 2005 3.7 ND 

W. Lake Erie WLE-6-S June 2015 1.63 23.6 
W. Lake Erie WLE-6-B June 2015 1.60 23.4 
W. Lake Erie WLE-2-S June 2015 3.84 23.3 
W. Lake Erie WLE-2-B June 2015 2.83 23 
W. Lake Erie WLE-4-S June 2015 1.01 21.4 
W. Lake Erie WLE-4-B June 2015 1.01 21.4 
W. Lake Erie WLE-6-S July 2015 26.00 22.3 
W. Lake Erie WLE-6-B July 2015 25.03 22.3 
W. Lake Erie WLE-6-S July 2015 6.59 23.5 
W. Lake Erie WLE-6-B July 2015 5.45 23.6 
W. Lake Erie WLE-2-S July 2015 5.93 21.8 
W. Lake Erie WLE-2-B July 2015 3.18 21.6 
W. Lake Erie WLE-2-S July 2015 2.88 21.9 
W. Lake Erie WLE-2-B July 2015 2.56 21.9 
W. Lake Erie WLE-4-S July 2015 119.72 24.2 
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W. Lake Erie WLE-4-B July 2015 ND 24.2 
W. Lake Erie WLE-6-S August 2015 352 24.1 
W. Lake Erie WLE-6-B August 2015 ND ND 
W. Lake Erie WLE-2-S August 2015 187 23.9 
W. Lake Erie WLE-2-B August 2015 81.3 23.9 
W. Lake Erie WLE-4-S August 2015 86.3 24.3 
W. Lake Erie WLE-4-B August 2015 ND ND 
W. Lake Erie WLE-6-S Sept 2015 54.99 20.5 
W. Lake Erie WLE-6-B Sept 2015 54.99 20.5 
W. Lake Erie WLE-2-S Sept 2015 27.95 20.5 
W. Lake Erie WLE-2-B Sept 2015 28.21 20.6 
W. Lake Erie WLE-4-S Sept 2015 22.15 21.2 
W. Lake Erie WLE-4-B Sept 2015 22.15 21.2 

Old Woman Creek Stream  July 2004 1.500 20.4 
Old Woman Creek Stream  July 2005 1.800 22.5 
Old Woman Creek Wetland July 2004 10.700 22.9 
Old Woman Creek Mouth July 2005 29.100 23.4 
Old Woman Creek Mouth July 2004 22.800 22.6 
Old Woman Creek Lake July 2005 1.400 20.2 
Old Woman Creek Lake July 2004 30.600 22.9 

Missisquoi Bay PRM July 2008 29.61 23.2 
Missisquoi Bay PRM July 2009 ND 19.8 
Missisquoi Bay PRM July 2008 10.9 23.9 
Missisquoi Bay PRM Aug 2008 28.24 ND 
Missisquoi Bay PRM Oct 2008 6.785 ND 
Missisquoi Bay MB May 2008 ND 14.5 
Missisquoi Bay MB June 2008 8.6 16 
Missisquoi Bay MB June 2007 8.5 20.7 
Missisquoi Bay MB June 2008 19.44 21.5 
Missisquoi Bay MB July 2008 9.05 23.1 
Missisquoi Bay MB July 2009 17.6 20.9 
Missisquoi Bay MB Aug 2008 8.64 23.7 
Missisquoi Bay MB Aug 2008 66.69 22.7 
Missisquoi Bay MB Aug 2007 2.619 ND 
Missisquoi Bay MB Seot 2009 6.2 ND 
Missisquoi Bay MB Oct 2008 16.063 11.4 
Lake Rotorua 7m Jan 2006 28 20.6 
Lake Rotorua 7m Jan 2006 28 20.6 
Lake Rotorua 7m Jan 2006 28 20.6 
Lake Rotorua 20m Jan 2006 25 20.8 
Lake Rotorua 20m Jan 2006 25 20.8 
Lake Rotorua 20m Jan 2006 25 20.8 
Lake Rotoiti 4.5m Jan 2006 11.6 22.1 
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Lake Rotoiti 4.5m Jan 2006 11.6 22.1 
Lake Rotoiti 4.5m Jan 2006 11.6 22.1 
Lake Rotoiti 100m Jan 2006 2.1 21.2 
Lake Rotoiti 100m Jan 2006 2.1 21.2 
Lake Rotoiti 100m Jan 2006 2.1 21.2 

Lake Michigan M15-5 March 1999 1.5 1.3 
Lake Michigan M45-5 March 1999 1.39 2.4 
Lake Michigan S15-5 March 1999 2.36 ND 
Lake Michigan J15-5 March 1999 3.41 1 
Lake Michigan J20-5 March 1999 3.24 0.9 
Lake Michigan J60-5 March 1999   ND 
Lake Michigan J80-5 March 1999 2.34 2.4 
Lake Michigan G20-5 March 1999 0.92 1.1 
Lake Michigan C15-5 March 1999 0.79 0.6 
Lake Michigan C80-5 March 1999 2.36 1.9 
Lake Michigan R15-5 March 1999 2.13 1.4 
Lake Michigan R80-5 March 1999 2.42 2.4 
Lake Michigan SJRM-5 March 2000 7.43 5.5 
Lake Michigan J15-5 March 2000 1.73 3.2 
Lake Michigan J30-5 March 2000 1.14 3 
Lake Michigan NB20-5 March 2000 1.85 3.7 
Lake Michigan G15-5 March 2000 0.91 4.2 
Lake Michigan G45-5 March 2000 1.52 2.5 
Lake Michigan C15-5 March 2000 0.47 2.8 
Lake Michigan C80-5 March 2000 1.48 3 
Lake Michigan M15-5 June 1999 1.58 11.3 
Lake Michigan M110-5 June 1999 1.29 10.2 
Lake Michigan M110-DCL June 1999 2.12 7 
Lake Michigan J15-5 June 1999 4.99 16.6 
Lake Michigan J80-5 June 1999 0.76 14 
Lake Michigan J80-DCL June 1999 2.49 6 
Lake Michigan C80-DCL June 1999 2.78 6.1 
Lake Michigan M45-5 May 2000 2.1 9.3 
Lake Michigan M45-DCL May-00 1.93 8 
Lake Michigan SJRM-5 May-00 18.36 17.5 
Lake Michigan J15-5 May-00 0.99 12.2 
Lake Michigan J30-5 May-00 0.72 9.7 
Lake Michigan NB15-5 May-00 0.8 11.5 
Lake Michigan G15-5 May-00 1.17 11.5 
Lake Michigan G45-5 May-00 1.37 8 

 69 

  70 



S6 
 

SI Figure 1.   Light (open bars)- and dark (closed bars)-CBAD from Lake Taihu sites in 71 

May 2004.  72 

 73 

  74 

  75 



S7 
 

SI Figure 2. Natural-light and dark CBAD at three sites in Maumee Bay, Lake Erie, July 76 
2004. MB1 = River Mouth; MB2 = mid bay; MB3 = Toward open lake. Note that the 77 
negative values of CBAD indicate that on average more NH4

+ was regenerated in the dark 78 
than the net (but not total) amount taken up during the normal light-dark cycle. Photic 79 
CBAD is calculated as Light CBAD minus Dark CBAD, assuming that natural-light and 80 
dark regeneration rates are equal.  81 
  82 

 83 
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 85 

 86 
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SI Figure 3.  Site Map for Lake Erie Stations for September 2005 (HE, ZD, BW, AS, and 958) 88 
and the temporal data taken surrounding the 2015 CyanoHAB in Maumee Bay (WE6, WE 2, and 89 
WE4).  Depths (m):  WE2: 5.0, WE6: 2.75, WE4: 8.0, AE: 21.8, AS: 21.1, BW: 24.0, HE: 15.6, 90 
958: 10.5. 91 

 92 

93 
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 Lake Erie SI Figure 4.  Light and Dark CBAD from Lake Erie sites in September 2005.  Note, 94 
the negative dark CBAD values, indicate higher dark LOM-N mineralization rates (to NH4

+) than 95 
net (but not total) light NH4

+ uptake rates.   They reflect active NH4
+ cycling dynamics. CBAD 96 

was not distinguishable from zero at central sites AS, AE, and BW, suggesting that NH4
+ was not 97 

limiting community production in these offshore lake stations. In contrast, Sites HE and Site 958 98 
(located near Cleveland, Ohio) had significant light CBAD values. 99 

 100 

 101 

  102 
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