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Methods of water chemistry 

Samples of water were collected in brown glass bottles by holding them 0.5 m 

below the surface at each site and then stored at 0-4 °C in the dark. Samples were 

brought to the laboratory within 12 h and processed immediately. Parameters 

measured included chemical oxygen demand measured by use of the permanganate 

index (CODMn), total phosphorus (TP), phosphate (PO4
+
), total nitrogen (TN, all 

forms of nitrogen), nitrate (NO3
-
), nitrite (NO2

-
), total ammonia nitrogen (TAN), 

biochemical oxygen demand (BOD5) and Chlorophyll a (Chl a) following standard 

methods (EPA of china 2002). Water temperature (WT), pH, dissolved oxygen (DO), 

transparency and algal density were measured using YSI water quality sondes in situ 

(YSI Incorporated, Ohio, USA). The trophic level index (TLI) was used for 

quantitative evaluation of eutrophication level of lakes (Carlson and Robert 1977), 

and calculated with monitoring data from three seasons. TLI was calculated 

(Equations 1-5). 

TLI(Σ) = � ������j	

��              (1) 

TLI(Chl-a) = 10 (2 .46 +1 .091 ln (Chl-a))    (2) 

TLI(TP) = 10 (7 .109 +0 .946 ln(TP))        (3) 

TLI(TN) = 10 (4 .934 +1 .310 ln(TN))        (4) 

TLI(SD) = 10 (4 .311 -2 .120 ln(SD))        (5) 

Data accessibility: DNA sequences by NGS were uploaded to NCBI Sequence Read 

Archieve (SRA, SRR4241102) and to the dryad database (doi: 

http://datadryad.org/review?doi=doi:10.5061/dryad.979cq). 



 

Table S1. Latitude/Longitude and group information for each sampling site. Sampling sites were 

grouped according to type of water body into four categories: 1) Tai Lake, 2) Reservoir, 3) River 

and 4) Lake. Here, “Lake” means all the relatively smaller lakes around Tai Lake. 

 

Site Name longitude latitude Type Sampling Time 

S1 TH.ZSHN.3 120.0364 31.3731 Tai Lake 13.25 

S2 TH.ZS.3 120.2675 31.0136 Tai Lake 10.24 

S3 TH.XWL.3 120.2294 31.5014 Tai Lake 14.4 

S4 TH.XTG.3 119.9947 31.035 Tai Lake 12 

S5 TH.XSX.3 120.1495 31.14045 Tai Lake 15 

S6 TH.XMK.3 120.1023 30.9697 Tai Lake 8.11 

S7 TH.XHX.3 120.4 31.1717 Tai Lake 12.52 

S8 TH.XHN.3 120.4213 31.11528 Tai Lake 14.4 

S9 TH.WGS.3 120.229 31.3103 Tai Lake 10.15 

S10 TH.TS.3 120.1622 31.3919 Tai Lake 11.06 

S11 TH.SZ.3 120.2158 31.3992 Tai Lake 11.25 

S12 TH.STG.3 120.0375 31.43394 Tai Lake 11.28 

S13 TH.SHDB.3 120.1506 31.0628 Tai Lake 11.09 

S14 TH.SDG.3 120.4017 31.4422 Tai Lake 13.26 

S15 TH.QD.3 120.3811 30.9578 Tai Lake 11.35 

S16 TH.PZ.3 120.453 31.1858 Tai Lake 15.3 

S17 TH.PTS.3 120.1033 31.2258 Tai Lake 13.34 

S18 TH.MS.3 120.2811 31.2639 Tai Lake 10.26 

S19 TH.MG.3 120.461 31.0017 Tai Lake 12.39 

S20 TH.LJK.3 120.1468 31.49854 Tai Lake 15.2 

S21 TH.JSG.3 120.3608 31.3843 Tai Lake 12.3 

S22 TH.HX.3 120.2071 31.22508 Tai Lake 14.09 

S23 TH.DXTT.3 120.3433 31.08567 Tai Lake 14 

S24 TH.DTH.3 120.5067 31.07146 Tai Lake 10.37 

S25 TH.DPK.3 119.9381 31.3089 Tai Lake 11.2 

S26 TH.DLS.3 120.0119 31.1364 Tai Lake 12.36 

S27 TH.BDK.3 120.0447 31.47545 Tai Lake 14.44 

S28 SK.LZ.3 119.3006 31.59891 Reservoir 13 

S29 SK.LTSK.3 119.3823 32.06801 Reservoir 11.07 

S30 RE.ZX.3 119.3601 31.9388 River 12.07 

S31 RE.ZJQ.3 120.1626 31.87749 River 
 

S32 RE.ZGDQ.3 120.721 31.71582 River 9.5 

S33 RE.YLQ.3 121.0469 31.50611 River 8.2 

S34 RE.XFZ.3 119.5672 32.05335 River 11 

S35 RE.WMQ.3 119.947 31.57431 River 13.52 

S36 RE.TPZ.3 120.54 31.008 River 12.21 

S37 RE.TBQ.3 119.9801 31.87529 River 
 

S38 RE.SP.3 121.0678 31.2713 River 11.55 

S39 RE.ML.3 120.9266 31.60219 River 10.36 



 

S40 RE.LLDQ.3 121.1917 31.46734 River 13.35 

S41 RE.JX.3 119.4227 31.8625 River 11.12 

S42 RE.JLZ.3 120.874 31.3144 River 10.43 

S43 RE.JB.3 120.845 31.017 River 11.02 

S44 RE.HSQ2.3 120.3817 31.30113 River 11.45 

S45 RE.HNQ.3 119.6028 31.83278 River 14.4 

S46 RE.HLJ.3 120.1456 31.67362 River 10.4 

S47 RE.HHDQQ.3 119.9565 31.46926 River 10.42 

S48 RE.HGZ.3 120.471 31.228 River 14.41 

S49 RE.GJK.3 120.659 31.2 River 9.15 

S50 RE.FQD.3 121.1121 31.58811 River 9 

S51 RE.DZDQ.3 120.5528 31.57972 River 11.03 

S52 RE.DPQ.3 119.924 31.97396 River 11.08 

S53 RE.BQ.3 119.4615 31.55857 River 15.45 

S54 RE.BGDQ.3 120.5455 31.78323 River 8.23 

S55 HD.YD.3 120.8693 31.07007 Small lake 14.15 

S56 HD.YCZHB.3 120.8057 31.47272 Small lake 13.51 

S57 HD.YCXHN.3 120.7169 31.41228 Small lake 10.4 

S58 HD.YCDHN.3 120.8308 31.40869 Small lake 9.32 

S59 HD.XJDT.3 119.8823 31.53864 Small lake 11.08 

S60 HD.KLH.3 120.8604 31.40769 Small lake 13.51 

S61 HD.KCH.3 120.7436 31.58195 Small lake 15.2 

S62 HD.GD1.3 119.756 31.49916 Small lake 10.15 

S63 HD.EZD.3 120.5696 31.51263 Small lake 11.39 

S64 HD.DHG.3 119.8734 31.63365 Small lake 13.56 

S65 HD.CHN.3 120.8119 31.1973 Small lake 12 

S66 HD.CHD.3 120.8544 31.22309 Small lake 11.17 

S67 HD.BGHK.3 119.7743 31.57859 Small lake 13.12 

S68 HD.GD2.3 119.5936 31.6084 Small lake 10.15 

S69 RE.SHQ.3 120.2417 31.73556 River 
 

 

  



 

Table S2. Chemical-physical parameters measured. Chl a: Chlorophyll a, mg/m
3
; WT: water temperature; AD: algal density, 10k cells/L; TS: transparency, cm; 

CODMn: measure permanganate index, mg/L; BOD5: five-day biochemical oxygen demand, mg/L; TP: total phosphorus, mg/L; PO4
+
: phosphate, mg/L; TN: total 

nitrogen, mg/L; NO3: nitrate, mg/L; NO2: nitrite, mg/L; TAN: total ammonia nitrogen, mg/L. 

 

Site Chl a WT pH DO AD TS CODMn BOD5 TP PO4 TN TAN NO3 NO2 

S1 6.7 9.07 8.53 12.66 2960 35 6.36 7.02 0.05 0.03 1.74 0.039 1.1 0.015 

S2 8.6 8.32 7.84 10.5 406 10 2.98 4.02 0.05 0.001 0.52 0.186 0.08 0.005 

S3 9.7 9.23 8.52 11.42 2650 35 4.87 5.9 0.18 0.07 0.79 0.051 0.34 0.014 

S4 9.1 8.56 8.15 11.45 1570 10 3.25 4.21 0.08 0.04 2.09 0.211 0.95 0.011 

S5 8.9 9.1 8.24 11.23 2000 10 8.8 11.3 0.32 0.02 0.81 0.211 0.42 0.005 

S6 14.7 8.13 7.68 11.35 2350 10 3.26 2.24 0.09 0.03 1.82 0.312 0.61 0.011 

S7 2.1 8.28 7.26 11.41 670 5 3.59 4.33 0.14 0.02 0.62 0.272 0.001 0.008 

S8 12.5 8.26 8.29 11.6 630 30 2.83 3.66 0.17 0.03 0.4 0.308 0.001 0.004 

S9 6.1 8.35 7.94 8.28 660 25 4.48 5.46 0.06 0.05 1.05 0.254 0.001 0.008 

S10 5.3 8.69 8.22 8.63 870 20 5.47 6.97 0.06 0.02 1.07 0.122 0.54 0.009 

S11 4.9 8.78 8.25 8.31 540 25 4.83 5.89 0.04 0.02 1.07 0.191 0.15 0.008 

S12 18 9.16 8.27 15.72 425.5 40 4.63 5.63 0.06 0.03 3.74 1.11 2.02 0.071 

S13 10.7 8.61 8.07 11.48 2200 15 3.34 4.05 0.14 0.08 0.48 0.264 0.14 0.009 

S14 7.4 8.68 8.34 7.14 860 25 3.52 4.9 0.03 0.02 0.89 0.163 0.08 0.014 

S15 5.5 8.41 8.1 13.31 1380 10 4.95 5.92 0.07 0.03 0.98 0.297 0.16 0.007 

S16 2.1 9.99 8.57 11.37 100 
 

2.3 2.78 0.1 0.001 0.48 0.14 0.001 0.004 

S17 8.1 9.04 8.33 11.64 1050 20 4.31 5.25 0.06 0.03 1.01 0.143 0.23 0.006 

S18 13.7 8.28 7.69 11.41 1150 3 5.12 6.41 0.5 0.02 0.86 0.327 0.17 0.007 

S19 5.3 8.18 8.1 13.8 438 30 4.79 5.97 0.07 0.02 0.91 0.153 0.13 0.007 

S20 8.2 9.24 8.49 11.74 1327 30 4.03 5 0.06 0.02 0.69 0.024 0.15 0.007 

S21 4.8 8.82 8.29 7.05 380 15 4.12 5.3 0.02 0.001 0.77 0.12 0.1 0.008 



 

S22 7.7 9.03 8.32 11.55 1600 15 4.95 6.09 0.08 0.03 1.04 0.122 0.57 0.007 

S23 2.9 9.03 8.2 11.44 70 60 2.79 3.54 0.04 0.001 0.41 0.143 0.001 0.005 

S24 2.3 8.5 8.39 20.51 40 90 2.28 2.62 0.02 0.001 0.63 0.14 0.349 0.005 

S25 7.5 8.85 8.34 11.5 999.5 40 5.34 6.54 0.23 0.04 1.06 0.13 0.87 0.031 

S26 6.4 9.68 8.26 11.92 1100 10 3.77 4.65 0.06 0.02 0.71 0.148 0.001 0.007 

S27 8 10.37 8.12 14.98 249.7 35 3.97 4.68 0.12 0.07 4.09 1.6 1.81 0.36 

S28 6.2 10.03 8.49 10.55 161 
 

2.81 3.47 0.02 0.001 0.56 0.299 0.19 0.008 

S29 9.6 9.96 8.83 11.25 310 60 3.1 3.84 0.03 0.001 0.58 0.251 0.14 0.006 

S30 1.1 11.9 8.23 10.46 100 45 4.81 5.96 0.05 0.001 1 0.322 0.27 0.028 

S31 18.4 15.24 8.21 9.21 300 30 3.45 4.41 0.24 0.14 4.58 1.59 2.29 0.521 

S32 3.4 12.3 8.44 10.06 100 30 1.74 2.01 0.18 0.1 1.17 0.12 0.88 0.005 

S33 12.7 9.65 8.23 5.26 460 65 5.2 6.96 0.34 0.22 6.15 2.89 2.63 0.394 

S34 6 17.25 8.39 8.61 420 15 1.16 2.89 0.13 0.08 2.57 0.839 1.09 0.076 

S35 16 9.77 8.18 4.3 407.9 10 6.12 7.33 0.14 0.1 5.05 2.58 0.804 0.099 

S36 4 10.84 8.03 9.88 300 50 2.74 3.44 0.41 0.01 1.07 0.168 0.63 0.019 

S37 6 14.84 8.33 9.32 270 20 2.98 3.66 0.22 0.15 3.48 0.803 2.54 0.016 

S38 20.1 11.1 7.46 4.79 580 10 4.88 6.39 0.29 0.26 9.62 4.19 5 0.234 

S39 13.7 10.91 8.07 4.86 340 30 5.34 6.5 0.25 0.05 4.71 0.11 1.85 0.21 

S40 23.3 11.81 7.53 7.47 350 25 4.96 6.08 0.21 0.18 5 2.55 1.47 0.764 

S41 15.4 10.7 8.43 9.31 660 35 5.83 7.42 0.12 0.04 11 2.48 6.1 0.006 

S42 6.3 10.82 7.15 7.89 550 20 3.85 4.71 0.13 0.1 2.59 0.905 1.41 0.227 

S43 3.9 11.62 8.12 7.24 270 30 3.83 5.11 0.48 0.02 2.81 0.727 1.54 0.121 

S44 5.6 11.23 8.77 9.43 140 50 2.62 3.24 0.08 0.02 4.33 0.429 0.46 0.056 

S45 10.5 14.36 8.19 8.99 608 10 1.52 3.89 0.17 0.09 3.07 1.17 1.46 0.259 

S46 13.7 14.77 8.21 7.67 400 15 4.88 5.98 0.77 0.17 6.1 2.79 2.91 0.317 

S47 18.5 9.45 8.71 15.24 464.5 20 4.61 5.54 0.12 0.07 3.96 1.42 2.03 0.327 



 

S48 1.3 11.48 8.64 10.57 310 80 2.77 3.38 0.27 0.001 0.22 0.13 0.001 0.004 

S49 7.9 12.2 8.01 7.04 360 30 3.31 4.22 0.31 0.09 3.96 1.99 1.23 0.453 

S50 18.2 10.28 7.59 10.01 600 20 12.5 15.9 0.39 0.15 5.88 4.47 0.3 0.007 

S51 4.1 11.46 8.27 8.84 100 35 2.25 2.61 0.12 0.06 1.9 0.401 1.33 0.102 

S52 5.5 13.95 8.49 14.2 320.9 15 1.46 1.88 0.12 0.07 2.14 0.226 1.8 0.064 

S53 16 10.83 7.97 7.18 870 10 2.15 5.34 0.22 0.16 3.06 1.94 1.01 0.068 

S54 9.5 11.09 8.25 5.57 190 20 4.75 5.64 0.1 0.02 3.89 1.99 1.39 0.166 

S55 5.2 11.96 8.1 13.62 90 40 3.56 4.31 0.13 0.07 2.52 0.839 1.24 0.062 

S56 3.7 8.82 8.13 20.46 90 55 3.98 5 0.24 0.1 2.16 0.426 1.06 0.065 

S57 5.9 9.31 8.16 20.34 120 65 3.49 4.64 0.1 0.07 2.26 0.472 1.21 0.068 

S58 11.3 8.03 8.32 20.32 280 90 3.84 4.7 0.05 0.03 1.47 0.598 0.51 0.06 

S59 51.4 8.57 8.72 21.48 672.1 40 4.48 5.48 0.05 0.03 1.8 0.332 0.54 0.022 

S60 4 9.84 8.33 18.61 50 110 4.19 5.14 0.02 0.001 1.2 0.168 0.001 0.009 

S61 2.8 11.25 8.69 10.81 336 70 3.59 4.28 0.12 0.07 1.75 0.264 0.75 0.03 

S62 27.9 8.34 8.92 21.76 724.6 30 4.45 5.23 0.05 0.03 1.32 0.305 0.24 0.024 

S63 3.1 11.59 8.37 9.8 80 50 1.77 2.04 0.13 0.07 1.46 0.15 1.08 0.03 

S64 45.1 10.13 8.72 22.43 610.6 35 3.68 4.61 0.05 0.04 1.76 0.342 0.73 0.023 

S65 4.8 10.1 8.11 11.07 147 60 3 3.56 0.1 0.07 3.23 0.694 2.39 0.085 

S66 4.3 9.6 8.04 11.11 124 100 3.48 4.33 0.27 0.23 3.23 0.459 2.49 0.075 

S67 13.7 10.75 8.58 18.91 329.5 40 4.34 5.08 0.07 0.04 2.23 0.494 0.78 0.028 

S68 27.9 8.34 8.92 21.76 724.6 30 4.45 5.23 0.05 0.03 1.32 0.305 0.24 0.024 

S69 9.7 14.89 8.37 9.29 482 5 2.67 3.79 1.34 0.51 3.16 1.59 1.14 0.108 



 

Table.S3. Acute toxicity data of unionized ammonia for zooplankton by lab-based toxicity test. 

 

Taxa Species LC50 (mg/L) Duration (hour) PH Temperature Reference 

Copepod Nitokra sp 0.35-0.88 96 7.61-8.54 21-22 (Sousa, Zaroni et al. 2011) 

Copepod Nitokra sp 1.32-1.64 96 7.46-8.54 17-23 (Sousa, Zaroni et al. 2011) 

Copepod Nitokra sp 2.27-3.66 96 7.79-8.55 28-29 (Sousa, Zaroni et al. 2011) 

Copepod Nitokra sp 1.29-2.71 96 7.86-8.3 23 (Sousa, Zaroni et al. 2011) 

Copepod Nitocra spinipes 4.5 96 7.84 10 (Linden, Bengtsson et al. 1979) 

Copepod Bryocamptus zschokkei 0.287 96 7.84 10 (Marzio, Castaldo et al. 2008) 

Copepod Bryocamptus minutus 0.281 96 7.84 10 (Marzio, Castaldo et al. 2008) 

Copepod Bryocamptus pygmaeus 0.281 96 7.84 10 (Marzio, Castaldo et al. 2008) 

Copepod Attheyella crassa 0.274 96 7.84 10 (Marzio, Castaldo et al. 2008) 

Copepod Bryocamptus echinatus 0.225 96 7.84 10 (Marzio, Castaldo et al. 2008) 

Copepod Acartia tonsa Dana (larva) 0.22 72 8 17 (Jepsen, Andersen et al. 2013) 

Copepod Acartia tonsa Dana (adult) 0.77 72 8 17 (Jepsen, Andersen et al. 2013) 

Copepod Acartia clausi 0.91 24 (Buttino 1994) 

Copepod Acartia hudsonica 0.18-0.26 48 (Sullivan and Ritacco 1985) 

Copepod Acartia tonsa 0.18-0.224 48 (Sullivan and Ritacco 1985) 

Copepod Eucalanus spp. 0.65-0.92 96 

(Venkataramiah, Lakshmi et al. 

1982) 

Cladocera Ceriodaphnia dubia 1.73 24 8 25 (Andersen and Buckley 1998) 

Cladocera Ceriodaphnia dubia 1.18 48 8 25 (Andersen and Buckley 1998) 

Cladocera Simocephalus vetulus 1.27 96 8.1-8.3 20.4 (Arthur, West et al. 1987) 

Cladocera Duphnia magna 2.94 48 8.4 20.5 (Gersich and Hopkins 1986) 

Cladocera Ceriodaphnia acanthina 0.6 96 (Gersich and Hopkins 1986) 

Cladocera Dupknia pulicuria 1 96 (Gersich and Hopkins 1986) 



 

Cladocera Simocephalus vetulus 0.5 96 (Gersich and Hopkins 1986) 

Cladocera Ceriodaphnia dubia 1.22 48 25 (Bailey, Elphick et al. 2001) 

Cladocera Ceriodaphnia dubia 1.01 48 25 (Bailey, Elphick et al. 2001) 

Cladocera Ceriodaphnia dubia 1.54 24 25 (Bailey, Elphick et al. 2001) 

Cladocera Ceriodaphnia dubia 1.36 24 25 (Bailey, Elphick et al. 2001) 

Cladocera Moina mongolica 7.52 48 8.48 26 (An 1996) 

Cladocera Moina mongolica 9.89 24 8.48 26 (An 1996) 

Cladocera Moina mongolica 4.17 growth 8.48 26 (An 1996) 

Cladocera Moina mongolica 2.63 reproduction 8.48 26 (An 1996) 

Rotifer Brachionus plicatilis 17 24 7.3-7.8 23 (Yu and Hirayama 2008) 

Rotifer Brachionus plicatilis 13.2 growth 7.3-7.9 24 (Yu and Hirayama 2008) 

Rotifer Brachionus plicatilis 7.8 reproduction 7.3-7.10 25 (Yu and Hirayama 2008) 

Rotifer Brachionus plicatilis 15-25.6 24 7.7 25 (Snell and Persoone 1989) 

Rotifer Brachionus plicatilis 17-18.4 24 7.7 26 (Snell and Persoone 1989) 

Rotifer Brachionus rubens >5 48 (Schlüter and Groeneweg 1985) 

Rotifer Brachionus rubens 17 24 (Lincoln, Hall et al. 1983) 

Rotifer Brachionus rotundiformis 16.6-22.6 population 7.0-8.0 24-32 (Yoshimura, Iwata et al. 1995) 

Rotifer Brachionus calyciflorus 12 population 7.0-8.1 24-32 (Park, Lee et al. 2001) 

Rotifer Brachionus rotundiformis (Hawaii strain) 3.1 LOEC 24 (de Araujo, Hagiwara et al. 2001) 

Rotifer Brachionus rotundiformis (Langkawi strain) 7.4 LOEC 24 (de Araujo, Hagiwara et al. 2001) 

Rotifer Brachionus plicatilis >9.8 24 7.3-7.8 24 (de Araujo, Hagiwara et al. 2001) 

Rotifer Brachionus plicatilis 4.9 LOEC 7.3-7.9 24 (de Araujo, Hagiwara et al. 2001) 

Rotifer Brachionus calyciflorus 14.4 96 24 (Moor 1984) 

  



 

 

Fig.S1. Location of sampling sites of the Tai Lake basin of Jiangsu province, China. Sampling 

sites were grouped into four categories according to the type of water body: 1) Tai Lake, 2) 

Reservoir, 3) River and 4) Lake. Here, “Lake” means all the relatively smaller lakes around Tai 

Lake.



 

 

Fig.S2. Principal component analysis (PCA) of zooplankton community components based on 
CO1 OTUs. The samples were clustered according to the concentration of total ammonia. These 
high ammonia content (TAN > 0.5 mg/L) samples were shown in red.  

 



 

 

Fig.S3. Non-linear regression between TAN and relative abundance of clodocera, copepod and 

rotifer.  



 

Fig.S4. Relationships between diversity of two zooplankton species and total ammonia nitrogen. 

(A), Bosmina sp. (B), Sinocalanus dorrii. Colors designate types of samples; yellow: Tai Lake 

samples, blue: reservoir samples, green: river sample and red: lake samples. 

  



 

 

 

Fig.S5. Relationships between diversity of zooplankton and total ammonia nitrogen. (A), diversity 

of zooplankton community (including copepod, cladocera and rotifer). (B), the diversity of rotifer 

community. Colors designate types of samples; yellow: Tai Lake samples, blue: reservoir samples, 

green: river sample and red: lake samples. 
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Fig.S6. Ammonia sensitive OTUs in metabarcoding data. Sensitive OTUs were screened out by 

the quantile regression with the p < 0.1. The x-axis is concentration of total ammonia nitrogen, 

and the y-axis is relative abundance of each OTUs. Colors designate types of samples; yellow: Tai 

Lake samples, blue: reservoir samples, green: river sample and red: lake samples. 



 

 

Fig.S7. Ammonia sensitive species/taxon in traditional morphological monitoring data. Sensitive 

species were screened out by the quantile regression with the p < 0.1. The x-axis is concentration 

of total ammonia nitrogen, and the y-axis is density of each species or taxon. Colors designate 

types of samples; yellow: Tai Lake samples, blue: reservoir samples, green: river sample and red: 

lake samples.
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