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Table S1. Summary of Acute Toxicity Test Results for Selected Freshwater Species Exposed to Copper 

 

Chemical Class Order Family Genus Species Duration Criterion 
Test 

endpoint 
Value 
(ug/L) 

Test 
method 

ref. 

Cu Bivalvia Pteriomorphia Mytilidae Limnoperna L. fortunei 4d LC50 mortality 306.05  2 

Cu Gastropoda Architaenioglossa Pleuroceridae Semisulcospira S. gottschei 4d LC50 mortality 150.07  11 

Cu Bivalvia Veneroida Corbiculidae Corbicula C. leana 4d LC50 mortality 95.70  2 

Cu Malacostraca Amphipoda Gammaridae Gammarus G. sobaegensis 4d LC50 mortality 15.68  10 

Cu Branchiopoda Anostraca Moinidae Moina M. macrocopa 1d LC50 mortality 10.18  8 

Cu Crustacea Cyclopoida Cyclopidae Acanthocyclops A. vernalis 4d LC50 mortality 115.48  8 

Cu Gastropoda Basommatophora Lymnaeidae Radix R. auricularia 4d LC50 mortality 163.70  11 

Cu Gastropoda Architaenioglossa Ampullariidae Pomacea P. canaliculata 4d LC50 mortality 16.55  11 

Cu Branchiopoda Anostraca Branchiidae Branchinella B. kugenumaensis 1d LC50 mortality 10.64  8 

Cu Rotifera Monogononta Brachionidae Brachionus B. calyciflorus 1d LC50 mortality 31.74  1 

Cu Diptera Chironomidae Chironomidae Glyptotendipes G. tokunagai 4d LC50 mortality 492.20  9 

Cu Diptera Chironomidae Chironomidae Chironomus C. flaviplumus 4d LC50 mortality 327.80  9 

Cu Trichoptera Hydropsychidae Hydropsychidae Lepidostoma L. albardanum 4d LC50 mortality 8.20  3, 5 

Cu Trichoptera Hydropsychidae Hydropsychidae Hydropsyche H. orientalis 4d LC50 mortality 12.30  3, 5 

Cu Insecta Ephemeroptera Baetidae Baetis B. fuscatus 4d LC50 mortality 40.20  3, 4, 6 

Cu Insecta Ephemeroptera Ephemeridae Ephemera E. orientalis 4d LC50 mortality 53.70  3, 4, 6 

Cu Insecta Ephemeroptera Heptageniidae Epeorus E. pellucidus 4d LC50 mortality 70.40  3, 4, 6 

Cu Insecta Odonata Aeshnidae Anax A. parthenope 4d LC50 mortality 155.20  3 

Cu Insecta Odonata Gomphidae Sieboldius S. albardae 4d LC50 mortality 370.70  3 

Cu Insecta Odonata Gomphidae Ophiogomphus O. obscurus 4d LC50 mortality 420.70  3 

 



Table S2. Summary of results for the fixed factors of the mixed effect modela 

 

Fixed effect Estimate MCMC mean 
HPD 95% Cis 

p(MCMC) 
- + 

SAs(spe) 0.03  0.03 -0.37  0.43  0.55 

SCd(spe) 0.09  0.09 -0.21  0.39  0.73 

SCo(spe) 0.36  0.36 -0.09  0.81  0.94 

SCr(spe) 0.32  0.32 0.01  0.64  0.98 

SCu(spe) 0.22  0.22 -0.08  0.52  0.93 

SFe(spe) 0.07  0.06 -0.30  0.43  0.64 

SHg(spe) 0.18  0.18 -0.14  0.49  0.86 

SNi(spe) 0.49  0.48 0.15  0.82  0.97 

SPb(spe) 0.14  0.14 -0.17  0.46  0.81 

SSe(spe) 0.32  0.32 -0.11  0.74  0.93 

SZn(spe) 0.26  0.25 -0.05  0.56  0.95 

 

aParameters are presented by model estimate calculated (Estimate), mean estimate across Markov Chain Monte Carlo (MCMC) samples 

(MCMC mean), lower () and upper (þ) 95% highest posterior density (HPD) confidence intervals (CIs), and p values based on the 

posterior distribution (p(MCMC)). 

 

 

 

 

  



Table S3. Physiological sensitivity (S) values for As, Cd, Co, Cr, Cu, Fe, Hg, Ni, Pb, Se and Zn for each taxonomic levelb 

 

Class Order Family Genus Taxon As Cd Co Cr Cu Fe Hg Ni Pb Se Zn HM 

Clitellata Crassiclitellata Aeolosomatidae Aeolosoma A. headleyi   -0.45    0.30  0.78            0.28  0.29  

Clitellata Hirudinida Erpobdellidae Erpobdella E. octoculata   0.20          0.36        0.19  0.20  

Clitellata Hirudinida Erpobdellidae Erpobdella N. obscura   -0.97                2.25  -0.03  -0.03  

Clitellata Hirudinida Hirudinidae Poecilobdella P. viridis         0.93    0.94          0.93  

Clitellata Lumbriculida Lumbriculidae Lumbriculus L. variegatus   -0.27  0.69  0.78  0.00  -0.36  0.50  0.22  0.29    0.28  0.28  

Clitellata Lumbriculida Lumbriculidae Stylodrilus S. heringianus   -0.18          0.25          0.04  

Clitellata Lumbriculida Lumbriculidae Trichodrilus T. tenuis   -0.70                    -0.70  

Clitellata Rhynchobdellida Glossiphoniidae Glossiphonia G. complanata   0.00                    0.00  

Clitellata Tubificida Naididae Branchiura B. sowerbyi   0.21  1.48    -0.05  2.87  0.28        -1.11  0.24  

Clitellata Tubificida Naididae Dero D. digitata         -0.64              -0.64  

Clitellata Tubificida Naididae Ilyodrilus I. frantzi             -0.09          -0.09  

Clitellata Tubificida Naididae Limnodrilus L. hoffmeisteri   -0.74      -0.49    0.27        -1.29  -0.62  

Clitellata Tubificida Naididae Nais N. communis             -0.48          -0.48  

Clitellata Tubificida Naididae Nais N. elinguis   0.17      0.22  -0.06    0.82  0.54    1.09  0.38  

Clitellata Tubificida Naididae Nais N. sp.   0.37    0.89  0.29    0.99  0.78      0.91  0.84  

Clitellata Tubificida Naididae Peloscolex P. ferox   -0.61          0.00          -0.30  

Clitellata Tubificida Naididae Pristina P. leidyi   -1.04                    -1.04  

Clitellata Tubificida Naididae Quistadrilus Q. multisetosus   0.07          0.87          0.47  

Clitellata Tubificida Naididae Rhyacodrilus R. montanus   -0.34          -0.21          -0.28  

Clitellata Tubificida Naididae Spirosperma S. nikolskyi   0.26          1.17          0.72  

Clitellata Tubificida Naididae Tubifex T. tubifex 0.26  -0.34    0.22  -0.47    0.38  0.23  0.22    0.20  0.22  

Clitellata Tubificida Naididae   Tubificidae   0.25      0.40    0.16    -0.10    0.30  0.25  

Clitellata       Oligochaeta   -0.38          -0.24          -0.31  



Class Order Family Genus Taxon As Cd Co Cr Cu Fe Hg Ni Pb Se Zn HM 

Polychaeta Phyllodocida Nereididae Hediste H. diversicolor   2.37      0.11            1.47  1.47  

Polychaeta Phyllodocida Nereididae Nereis N. diversicolor                     0.17  0.17  

Arachnida       Acarina   1.98                    1.98  

Branchiopoda Anostraca Streptocephalidae Streptocephalus S. proboscideus -0.83  -0.65    -0.54  -0.14  0.14  -0.23        -0.88  -0.54  

Branchiopoda Anostraca Streptocephalidae Streptocephalus S. rubricaudatus   -0.02    0.06  0.41            -0.31  0.02  

Branchiopoda Anostraca Streptocephalidae Streptocephalus S. texanus   -0.07    -0.15  0.32            -0.38  -0.11  

Branchiopoda Anostraca Thamnocephalidae Thamnocephalus T. platyurus   0.00    -0.15  1.16    0.42        -0.15  0.00  

Branchiopoda Diplostraca Bosminidae Bosmina B. longirostris         -0.41              -0.41  

Branchiopoda Diplostraca Chydoridae Alonella Alonella sp. 1.22                      1.22  

Branchiopoda Diplostraca Chydoridae Chydorus C. sphaericus         -0.11            -0.73  -0.42  

Branchiopoda Diplostraca Daphniidae Ceriodaphnia C. affinis                   -1.08    -1.08  

Branchiopoda Diplostraca Daphniidae Ceriodaphnia C. dubia -1.43  -0.81  -1.22  -0.81  -0.73  -1.25  -1.39  -1.31  -1.05  -0.30  -1.48  -1.22  

Branchiopoda Diplostraca Daphniidae Ceriodaphnia C. reticulata -0.66  -0.13    -0.48  -0.04        -0.43    -0.69  -0.45  

Branchiopoda Diplostraca Daphniidae Ceriodaphnia C. rigaudi   -1.06    -2.21  -0.42            -1.15  -1.11  

Branchiopoda Diplostraca Daphniidae Ceriodaphnia Ceriodaphnia sp.         0.35              0.35  

Branchiopoda Diplostraca Daphniidae Daphnia D. ambigua         -0.91              -0.91  

Branchiopoda Diplostraca Daphniidae Daphnia D. carinata   -0.51    0.93  -1.37        -0.46    -1.17  -0.51  

Branchiopoda Diplostraca Daphniidae Daphnia D. cucullata   -0.55          -1.17          -0.86  

Branchiopoda Diplostraca Daphniidae Daphnia D. galeata         -0.19              -0.19  

Branchiopoda Diplostraca Daphniidae Daphnia D. hyalina   -0.65  -0.51  -0.62  -0.65    -0.89  -0.05  -0.75    -1.26  -0.65  

Branchiopoda Diplostraca Daphniidae Daphnia D. longispina         -0.01              -0.01  

Branchiopoda Diplostraca Daphniidae Daphnia D. lumholtzi   -0.24      -0.28            -0.10  -0.24  

Branchiopoda Diplostraca Daphniidae Daphnia D. magna -0.60  -0.69  -1.00  -0.65  -0.63  -1.16  -0.77  -0.67  -0.85  -0.55  -0.66  -0.67  

Branchiopoda Diplostraca Daphniidae Daphnia D. obtusa       -0.76                -0.76  

Branchiopoda Diplostraca Daphniidae Daphnia D. pulex -0.77  -0.51  -1.64  -0.05  -0.74  -0.41  -0.97  -1.25  -0.24  -0.45  -0.49  -0.51  

Branchiopoda Diplostraca Daphniidae Daphnia D. pulicaria     -0.43    -0.36      -0.38    -1.80    -0.40  



Class Order Family Genus Taxon As Cd Co Cr Cu Fe Hg Ni Pb Se Zn HM 

Branchiopoda Diplostraca Daphniidae Daphnia D. similis       -0.75  -1.22    -1.09    -1.76    -1.50  -1.22  

Branchiopoda Diplostraca Daphniidae Daphnia Daphnia sp.   -0.83      -0.70    -0.88    -1.25    -1.14  -0.88  

Branchiopoda Diplostraca Daphniidae Moinodaphnia M. macleayi   -0.76    -2.12  -0.74              -0.76  

Branchiopoda Diplostraca Daphniidae Scapholeberis Scapholeberis sp.         -0.38              -0.38  

Branchiopoda Diplostraca Daphniidae Simocephalus S. serrulatus -1.07  -0.12                    -0.59  

Branchiopoda Diplostraca Daphniidae Simocephalus S. vetulus -0.67  -0.71    -0.30  0.25        0.02      -0.30  

Branchiopoda Diplostraca Leptodoridae Leptodora L. kindtii   -0.35      0.23            -0.12  -0.12  

Branchiopoda Diplostraca Macrotrichidae Echinisca E. triserialis   -0.62                    -0.62  

Branchiopoda Diplostraca Moinidae Moina M. macrocopa   -0.96    -0.16  -0.23    -0.52  0.10  0.05    -0.48  -0.23  

Branchiopoda Diplostraca Sididae Diaphanosoma D. brachyurum   -0.66    -2.12  -0.39            -1.05  -0.86  

Branchiopoda Diplostraca Sididae Pseudosida P. ramosa   -0.86    -0.83                -0.84  

Branchiopoda Diplostraca Sididae Sida S. crystallina       -0.02                -0.02  

Hexanauplia Calanoida Diaptomidae Diaptomus D. forbesi   -1.03  -1.51      0.55      0.44      -0.30  

Hexanauplia Calanoida Diaptomidae Diaptomus Diaptomus sp. 1.21                      1.21  

Hexanauplia Calanoida Diaptomidae Eudiaptomus E. padanus ssp. padanus       0.52                0.52  

Hexanauplia Calanoida Diaptomidae Heliodiaptomus H. viduus   -0.59              -0.66    -0.62  -0.62  

Hexanauplia Calanoida Diaptomidae Notodiaptomus N. conifer       -0.26  0.16              -0.05  

Hexanauplia Cyclopoida Cyclopidae Acanthocyclops A. viridis   -1.07                    -1.07  

Hexanauplia Cyclopoida Cyclopidae Cyclops C. abyssorum ssp. prealpinus       0.52                0.52  

Hexanauplia Cyclopoida Cyclopidae Cyclops Cyclops sp.       0.33  1.36    0.76        -0.09  0.55  

Hexanauplia Cyclopoida Cyclopidae Cyclops C. strenuus             0.67          0.67  

Hexanauplia Cyclopoida Cyclopidae Cyclops C. viridis         -0.18  1.09          -0.03  -0.03  

Hexanauplia Cyclopoida Cyclopidae Eucyclops Eucyclops sp. 1.44                      1.44  

Hexanauplia Cyclopoida Cyclopidae Megacyclops M. viridis   -1.07                    -1.07  

Hexanauplia Cyclopoida Cyclopidae Mesocyclops M. hyalinus   -0.06              0.20    -0.49  -0.06  

Hexanauplia Cyclopoida Cyclopidae Mesocyclops M. pehpeiensis       -0.28  -0.03      -0.16      -0.76  -0.22  



Class Order Family Genus Taxon As Cd Co Cr Cu Fe Hg Ni Pb Se Zn HM 

Hexanauplia Cyclopoida Cyclopidae Thermocyclops T. oblongatus                     -0.87  -0.87  

Hexanauplia Harpacticoida Ameiridae Nitokra N. spinipes -0.58  -0.40    0.39  -0.20    -1.31        -0.61  -0.49  

Hexanauplia Harpacticoida Canthocamptidae Attheyella A. crassa       -0.05                -0.05  

Hexanauplia Harpacticoida Canthocamptidae Bryocamptus B. echinatus       -0.54                -0.54  

Hexanauplia Harpacticoida Canthocamptidae Bryocamptus B. minutus       -0.08                -0.08  

Hexanauplia Harpacticoida Canthocamptidae Bryocamptus B. pygmaeus       -0.09                -0.09  

Hexanauplia Harpacticoida Canthocamptidae Bryocamptus B. zschokkei       -0.37              -1.26  -0.82  

Hexanauplia Harpacticoida Canthocamptidae Canthocamptus Canthocamptus sp.         0.38              0.38  

Hexanauplia Harpacticoida Parastenocarididae Parastenocaris P. germanica   0.49                  -0.08  0.21  

Insecta Coleoptera Dytiscidae   Dytiscidae                 -0.32      -0.32  

Insecta Diptera Ceratopogonidae Culicoides C. furens   -0.32    0.02  1.57    -0.53  -1.08  -1.02    0.49  -0.32  

Insecta Diptera Chironomidae Chironomus C. crassiforceps         0.68              0.68  

Insecta Diptera Chironomidae Chironomus C. decorus         0.53          0.16    0.34  

Insecta Diptera Chironomidae Chironomus C. dilutus -1.29              0.85  0.28      0.28  

Insecta Diptera Chironomidae Chironomus C. javanus   0.47      1.41  0.87    1.91  1.08    1.88  1.24  

Insecta Diptera Chironomidae Chironomus C. luridus         1.02              1.02  

Insecta Diptera Chironomidae Chironomus C. maddeni         1.09              1.09  

Insecta Diptera Chironomidae Chironomus C. plumosus   -0.27    0.46  0.81    1.21  -0.03  0.07    0.87  0.46  

Insecta Diptera Chironomidae Chironomus C. ramosus         0.36              0.36  

Insecta Diptera Chironomidae Chironomus C. riparius   0.01      -0.46    -0.97  0.84  0.58  -0.55  0.42  0.01  

Insecta Diptera Chironomidae Chironomus Chironomus sp. 0.50  0.93    1.28  0.81    -0.60  0.63  0.27    1.13  0.72  

Insecta Diptera Chironomidae Chironomus C. tentans   -0.80      0.50    -0.86    -0.14      -0.47  

Insecta Diptera Chironomidae Chironomus C. zealandicus 0.79                      0.79  

Insecta Diptera Chironomidae Clunio C. gerlachi   0.17      0.84    0.43        1.03  0.63  

Insecta Diptera Chironomidae Gymnometriocnemus G. mahensis   0.17      0.84    0.50        0.84  0.67  

Insecta Diptera Chironomidae Larsia Larsia sp.   0.19      0.85    0.57        0.86  0.71  



Class Order Family Genus Taxon As Cd Co Cr Cu Fe Hg Ni Pb Se Zn HM 

Insecta Diptera Chironomidae Polypedilum P. nubifer         0.72              0.72  

Insecta Diptera Chironomidae Polypedilum Polypedilum sp. 0.67                      0.67  

Insecta Diptera Chironomidae Tanypus T. complanatus   0.17      0.84    0.58        0.84  0.71  

Insecta Diptera Chironomidae Tanytarsus T. dissimilis 0.03      0.78          0.56  0.83    0.67  

Insecta Diptera Chironomidae Zavrelimyia P. minima   0.19      0.86    0.50        1.05  0.68  

Insecta Diptera Chironomidae   Tanytarsini                 0.10      0.10  

Insecta Diptera Culicidae Aedes A. aegypti   0.31    0.80  0.94    1.15        0.52  0.80  

Insecta Diptera Culicidae Culex C. pipiens   0.33          0.94          0.64  

Insecta Diptera Culicidae Culex C. quinquefasciatus       0.59            0.16    0.37  

Insecta Diptera Simuliidae Simulium Simulium sp.                 -0.20      -0.20  

Insecta Diptera Tipulidae Tipula Tipula sp.                 -0.32      -0.32  

Insecta Ephemeroptera Baetidae Baetis B. tricaudatus   -1.04              0.01    1.84  0.01  

Insecta Ephemeroptera Baetidae Cloeon C. dipterum   0.68      -0.35  -1.43  -0.08        0.13  -0.08  

Insecta Ephemeroptera Baetidae Neocloeon N. triangulifer                     -0.73  -0.73  

Insecta Ephemeroptera Ephemerellidae Drunella D. grandis                 -0.10      -0.10  

Insecta Ephemeroptera Ephemerellidae Drunella Drunella sp.                 -0.12      -0.12  

Insecta Ephemeroptera Ephemerellidae Ephemerella E. subvaria   0.19  0.95    0.32  -1.99  1.19  0.19        0.26  

Insecta Ephemeroptera Ephemeridae Hexagenia H. rigida   0.47                    0.47  

Insecta Ephemeroptera Ephemeridae Hexagenia Hexagenia sp.         -1.98              -1.98  

Insecta Ephemeroptera Heptageniidae Epeorus Epeorus sp.                 0.56      0.56  

Insecta Ephemeroptera Heptageniidae Rhithrogena Rhithrogena sp.   -0.82              0.36    0.61  0.36  

Insecta Ephemeroptera Heptageniidae Stenonema S. rubrum       0.34                0.34  

Insecta Ephemeroptera Heptageniidae Stenonema Stenonema sp.         -0.33              -0.33  

Insecta Ephemeroptera Isonychiidae Isonychia I. bicolor         -0.50              -0.50  

Insecta Ephemeroptera Leptophlebiidae Adenophlebia A. auriculata                     1.23  1.23  

Insecta Ephemeroptera Leptophlebiidae Atalophlebia A. australis   1.63                    1.63  



Class Order Family Genus Taxon As Cd Co Cr Cu Fe Hg Ni Pb Se Zn HM 

Insecta Ephemeroptera Leptophlebiidae Leptophlebia L. marginata           1.64      -0.21      0.72  

Insecta Ephemeroptera Leptophlebiidae Paraleptophlebia P. praepedita   -0.77                    -0.77  

Insecta Ephemeroptera Leptophlebiidae Paraleptophlebia Paraleptophlebia sp.                 0.75      0.75  

Insecta Ephemeroptera Polymitarcyidae Ephoron E. virgo         -0.83              -0.83  

Insecta Hemiptera Aphelocheiridae Aphelocheirus A. aestivalis   2.20                    2.20  

Insecta Hemiptera Belostomatidae Lethocerus Lethocerus sp.                 -0.52      -0.52  

Insecta Hemiptera Corixidae Corixa C. punctata   0.74          0.23          0.49  

Insecta Hemiptera Corixidae Sigara S. dorsalis   1.60                    1.60  

Insecta Hemiptera Nepidae Laccotrephes Laccotrephes sp.             0.75          0.75  

Insecta Hemiptera Nepidae Ranatra R. elongata   -1.21                  -1.25  -1.23  

Insecta Megaloptera Sialidae Sialis S. lutaria   1.22                    1.22  

Insecta Odonata Calopterygidae Calopteryx C. splendens   2.12                    2.12  

Insecta Odonata Coenagrionidae Enallagma E. aspersum       1.69                1.69  

Insecta Odonata Coenagrionidae Enallagma E. cyathigerum   1.96                    1.96  

Insecta Odonata Coenagrionidae Enallagma Enallagma sp.   2.28              2.91      2.59  

Insecta Odonata Coenagrionidae Ischnura I. elegans   0.74          1.50          1.12  

Insecta Odonata Coenagrionidae Ischnura I. heterosticta   3.15                    3.15  

Insecta Odonata Macromiidae Macromia Macromia sp.   0.49                    0.49  

Insecta Odonata     Zygoptera   0.77    1.31  1.34    1.09  0.90      1.04  1.06  

Insecta Plecoptera Chloroperlidae Sweltsa Sweltsa sp.   1.44              0.14      0.79  

Insecta Plecoptera Nemouridae Nemoura N. cinerea   0.71          0.15          0.43  

Insecta Plecoptera Perlidae Acroneuria A. lycorias         1.41    1.19  1.19        1.19  

Insecta Plecoptera Perlidae Agnetina A. capitata       2.85                2.85  

Insecta Plecoptera Perlidae Dinocras D. cephalotes   2.28                    2.28  

Insecta Plecoptera Perlodidae Clioperla C. clio       1.74                1.74  

Insecta Plecoptera Perlodidae Isoperla I. grammatica   1.18                    1.18  



Class Order Family Genus Taxon As Cd Co Cr Cu Fe Hg Ni Pb Se Zn HM 

Insecta Plecoptera Pteronarcyidae Pteronarcys P. californica 0.05                      0.05  

Insecta Trichoptera Hydropsychidae Arctopsyche Arctopsyche sp.   0.24              0.53    1.84  0.53  

Insecta Trichoptera Hydropsychidae Hydropsyche H. angustipennis         0.23              0.23  

Insecta Trichoptera Hydropsychidae Hydropsyche H. betteni             1.19          1.19  

Insecta Trichoptera Hydropsychidae Hydropsyche Hydropsyche sp.       1.32                1.32  

Insecta Trichoptera Lepidostomatidae Lepidostoma Lepidostoma sp.                     1.55  1.55  

Insecta Trichoptera Rhyacophilidae Rhyacophila R. dorsalis   1.70                    1.70  

Insecta Trichoptera     Trichoptera   0.53    1.23  1.42    1.14  1.02      1.31  1.18  

Malacostraca Amphipoda Chiltoniidae Austrochiltonia A. subtenuis   0.24                    0.24  

Malacostraca Amphipoda Corophiidae Corophium Corophium sp.         -0.75              -0.75  

Malacostraca Amphipoda Gammaridae Echinogammarus E. berilloni         0.37            0.41  0.39  

Malacostraca Amphipoda Gammaridae Echinogammarus E. echinosetosus   0.30                    0.30  

Malacostraca Amphipoda Gammaridae Echinogammarus E. meridionalis         0.21              0.21  

Malacostraca Amphipoda Gammaridae Gammarus G. fasciatus 0.67    0.69  -2.09  -1.24  -0.36    0.67      -0.59  -0.36  

Malacostraca Amphipoda Gammaridae Gammarus G. fossarum   -0.85                    -0.85  

Malacostraca Amphipoda Gammaridae Gammarus G. italicus   0.28      0.52              0.40  

Malacostraca Amphipoda Gammaridae Gammarus G. lacustris                   -0.94    -0.94  

Malacostraca Amphipoda Gammaridae Gammarus G. pseudolimnaeus   -1.54    -0.79  -0.95        -1.33  -0.44  -1.25  -1.10  

Malacostraca Amphipoda Gammaridae Gammarus G. pulex   -1.55      -0.85    -0.79    -1.22    -0.31  -0.85  

Malacostraca Amphipoda Gammaridae Gammarus Gammarus sp.   -0.56    0.62  -0.91    -0.79  0.75      0.63  0.03  

Malacostraca Amphipoda Haustoriidae Diporeia Diporeia sp.   0.16                    0.16  

Malacostraca Amphipoda Hyalellidae Hyalella H. azteca -2.01  -1.85      -0.51      -0.85  -2.91  -1.17  -1.21  -1.21  

Malacostraca Amphipoda Hyalellidae Hyalella H. curvispina       -1.67  0.28            -0.97  -0.97  

Malacostraca Amphipoda Hyalellidae Hyalella Hyalella sp.   -0.15      -0.63              -0.39  

Malacostraca Amphipoda Niphargidae Niphargus N. aquilex   -0.28                    -0.28  

Malacostraca Decapoda Astacidae Astacus A. astacus         2.37              2.37  
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Malacostraca Decapoda Astacidae Austropotamobius A. pallipes                 -0.73      -0.73  

Malacostraca Decapoda Astacidae Austropotamobius A. pallipes ssp. pallipes   -0.76  0.65    -0.57  0.63  -1.86  0.18  -0.16    1.68  0.01  

Malacostraca Decapoda Atyidae Caridina C. africana         0.00              0.00  

Malacostraca Decapoda Atyidae Caridina C. laevis         -0.06              -0.06  

Malacostraca Decapoda Atyidae Caridina C. nilotica   -1.88      -0.42  0.16      1.33    0.24  0.16  

Malacostraca Decapoda Atyidae Caridina C. rajadhari   -0.06          -0.99          -0.52  

Malacostraca Decapoda Atyidae Caridina Caridina sp.         0.29              0.29  

Malacostraca Decapoda Atyidae Neocaridina N. denticulata   -0.83    0.14  -0.41    -0.47        -0.39  -0.41  

Malacostraca Decapoda Atyidae Paratya P. australiensis   0.67      0.69            1.67  0.69  

Malacostraca Decapoda Atyidae Paratya P. compressa ssp. improvisa   -0.57      -0.26            -0.43  -0.43  

Malacostraca Decapoda Cambaridae Cambarus C. robustus         0.45              0.45  

Malacostraca Decapoda Cambaridae Orconectes O. limosus   -0.49  0.76    0.21  0.99  -1.25  0.47  -0.03    1.74  0.34  

Malacostraca Decapoda Cambaridae Orconectes O. rusticus       1.79                1.79  

Malacostraca Decapoda Cambaridae Orconectes Orconectes sp.         0.08              0.08  

Malacostraca Decapoda Cambaridae Procambarus P. clarkii 1.68  1.16      3.26              1.68  

Malacostraca Decapoda Cambaridae Procambarus Procambarus sp. 0.88  1.35          1.73          1.35  

Malacostraca Decapoda Carcinidae Carcinus C. maenas       1.28  2.75              2.01  

Malacostraca Decapoda Diogenidae Clibanarius C. africanus   0.54      0.44        2.10    1.05  0.80  

Malacostraca Decapoda Dotillidae Ilyoplax I. gangetica             -0.52          -0.52  

Malacostraca Decapoda Gecarcinucidae Barytelphusa B. cunicularis         2.21    0.61          1.41  

Malacostraca Decapoda Gecarcinucidae Barytelphusa B. guerini   -0.10                    -0.10  

Malacostraca Decapoda Palaemonidae Macrobrachium M. carcinus         -0.75            -1.51  -1.13  

Malacostraca Decapoda Palaemonidae Macrobrachium M. hendersodayanus   -1.62      0.65    -1.05        0.53  -0.26  

Malacostraca Decapoda Palaemonidae Macrobrachium M. kistnensis   -0.08      0.29    -0.35          -0.08  

Malacostraca Decapoda Palaemonidae Macrobrachium M. lamarrei   -0.60    -1.15  -0.25    -0.22        -0.31  -0.31  

Malacostraca Decapoda Palaemonidae Macrobrachium M. lanchesteri   -0.24      0.89        -0.09    1.05  0.40  
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Malacostraca Decapoda Palaemonidae Macrobrachium M. malcolmsonii                 -0.21      -0.21  

Malacostraca Decapoda Palaemonidae Macrobrachium M. rosenbergii   -0.77      -0.22    0.17    -1.30    -0.72  -0.72  

Malacostraca Decapoda Palaemonidae Macrobrachium M. rude   -2.05    -0.95  -1.34            -1.17  -1.25  

Malacostraca Decapoda Palaemonidae Macrobrachium Macrobrachium sp.         1.70        0.98    1.15  1.15  

Malacostraca Decapoda Palaemonidae Palaemon P. paludosus         0.50              0.50  

Malacostraca Decapoda Palaemonidae Palaemon P. varians       1.14                1.14  

Malacostraca Decapoda Parastacidae Cherax C. destructor   -0.09      0.38  0.59    1.56        0.48  

Malacostraca Decapoda Parastacidae Cherax C. tenuimanus                     2.13  2.13  

Malacostraca Decapoda Parathelphusidae Oziotelphusa O. senex ssp. senex         1.57              1.57  

Malacostraca Decapoda Parathelphusidae Spiralothelphusa P. hydrodromus   -0.74          0.19    -0.55      -0.55  

Malacostraca Decapoda Parathelphusidae Spiralothelphusa S. hydrodroma         2.24              2.24  

Malacostraca Decapoda Penaeidae Penaeus F. duorarum   0.54                    0.54  

Malacostraca Decapoda Penaeidae Penaeus P. indicus                 0.00      0.00  

Malacostraca Decapoda Portunidae Callinectes C. amnicola         0.90        0.61      0.75  

Malacostraca Decapoda Portunidae Callinectes C. sapidus   -0.26    0.78  0.30              0.30  

Malacostraca Decapoda Sesarmidae Sesarma S. huzardi   1.56      2.39            2.65  2.39  

Malacostraca Decapoda Varunidae Chasmagnathus C. granulata   0.39                  0.92  0.65  

Malacostraca Decapoda     Decapoda                     0.83  0.83  

Malacostraca Isopoda Asellidae Asellus A. aquaticus   -0.47      1.45  1.05  0.20        0.46  0.46  

Malacostraca Isopoda Asellidae Asellus A. intermedius     0.69  -0.37  0.90  -0.36    0.60      -0.17  0.22  

Malacostraca Isopoda Asellidae Asellus A. meridianus         1.42        0.35      0.89  

Malacostraca Isopoda Asellidae Asellus Asellus sp.   -0.72                    -0.72  

Malacostraca Isopoda Asellidae Lirceus L. fontinalis           0.23            0.23  

Maxillopoda       Maxillopoda   -0.12                    -0.12  

Ostracoda Podocopida Cyclocyprididae Cyclocypris Cyclocypris sp.                   -0.07    -0.07  

Ostracoda Podocopida Cyclocyprididae Cypria C. ophthalmica       0.54                0.54  
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Ostracoda Podocopida Cyclocyprididae Cypria Cypria sp. 1.44                      1.44  

Ostracoda Podocopida Cyprididae Cypretta C. seurati                     -0.55  -0.55  

Ostracoda Podocopida Cyprididae Cypridopsis Cypridopsis sp.   0.22                    0.22  

Ostracoda Podocopida Cyprididae Cypris Cypris sp.   -0.05          -0.97    -1.37    -1.16  -1.07  

Ostracoda Podocopida Cyprididae Cypris C. subglobosa   0.26      0.85            0.79  0.79  

Ostracoda Podocopida Cyprididae Diacypris D. compacta   0.61      0.26        -0.16    -0.21  0.05  

Ostracoda Podocopida Cyprididae Stenocypris S. major   0.06      0.69  0.55    2.07  0.94    1.32  0.81  

Ostracoda Podocopida Cyprididae Stenocypris S. malcolmsoni   0.81              -1.56    0.49  0.49  

Ostracoda Podocopida Ilyocyprididae Ilyocypris I. dentifera                     -0.60  -0.60  

Hydrozoa Anthoathecata Hydridae Hydra H. oligactis   0.10          -0.02          0.04  

Hydrozoa Anthoathecata Hydridae Hydra Hydra sp.                   0.25    0.25  

Hydrozoa Anthoathecata Hydridae Hydra H. viridissima   -1.65      -1.95            0.75  -1.65  

Hydrozoa Anthoathecata Hydridae Hydra H. vulgaris   -0.87    -1.81  -1.19            0.14  -1.03  

Bivalvia Myida Dreissenidae Dreissena D. bugensis         0.76              0.76  

Bivalvia Myida Dreissenidae Dreissena D. polymorpha   -0.59      -0.26    -1.44  -1.46  -0.88    -0.23  -0.74  

Bivalvia Ostreida Ostreidae Crassostrea C. rhizophorae   1.29                    1.29  

Bivalvia Ostreida     Ostreoida                     -0.31  -0.31  

Bivalvia Unionida Mycetopodidae Anodontites A. trapesialis   -2.28      -1.24            -1.88  -1.88  

Bivalvia Unionida Unionidae Actinonaias A. ligamentina         -1.34              -1.34  

Bivalvia Unionida Unionidae Actinonaias A. pectorosa   -1.96      -1.29      -1.27      -1.86  -1.58  

Bivalvia Unionida Unionidae Alasmidonta A. heterodon         -1.21              -1.21  

Bivalvia Unionida Unionidae Anodonta A. cygnea   -0.76      -0.52            -0.86  -0.76  

Bivalvia Unionida Unionidae Anodonta A. imbecillis   -1.64    -0.76  -0.76    -1.00  -1.41      -1.57  -1.21  

Bivalvia Unionida Unionidae Epioblasma E. brevidens             -1.00          -1.00  

Bivalvia Unionida Unionidae Epioblasma E. capsaeformis         -2.03    -1.00  -0.82      -1.73  -1.36  

Bivalvia Unionida Unionidae Epioblasma E. rangiana         -0.13              -0.13  
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Bivalvia Unionida Unionidae Epioblasma E. triquetra         -0.32              -0.32  

Bivalvia Unionida Unionidae Fusconaia F. masoni   -0.75                    -0.75  

Bivalvia Unionida Unionidae Hyriopsis H. cumingii       0.62                0.62  

Bivalvia Unionida Unionidae Lamellidens L. marginalis   1.21      1.40    2.23          1.40  

Bivalvia Unionida Unionidae Lampsilis L. abrupta         -1.75              -1.75  

Bivalvia Unionida Unionidae Lampsilis L. cardium         -0.85              -0.85  

Bivalvia Unionida Unionidae Lampsilis L. fasciola         -1.17    -0.66          -0.91  

Bivalvia Unionida Unionidae Lampsilis L. rafinesqueana         -1.87              -1.87  

Bivalvia Unionida Unionidae Lampsilis L. siliquoidea         -1.87              -1.87  

Bivalvia Unionida Unionidae Lampsilis L. straminea ssp. claibornensis   -1.31      -1.54      -1.43      -0.94  -1.37  

Bivalvia Unionida Unionidae Lampsilis L. teres   -1.37      -0.97              -1.17  

Bivalvia Unionida Unionidae Lasmigona L. subviridis   -1.39      -0.89              -1.14  

Bivalvia Unionida Unionidae Leptodea L. fragilis         -0.95              -0.95  

Bivalvia Unionida Unionidae Leptodea L. leptodon         -2.00              -2.00  

Bivalvia Unionida Unionidae Ligumia L. recta         0.57              0.57  

Bivalvia Unionida Unionidae Ligumia L. subrostrata         -0.89              -0.89  

Bivalvia Unionida Unionidae Medionidus M. conradicus         -1.25              -1.25  

Bivalvia Unionida Unionidae Megalonaias M. nervosa         -0.87              -0.87  

Bivalvia Unionida Unionidae Obliquaria O. reflexa         1.60              1.60  

Bivalvia Unionida Unionidae Obovaria O. subrotunda         -0.10              -0.10  

Bivalvia Unionida Unionidae Parreysia P. cylindrica         0.88    1.20        1.48  1.20  

Bivalvia Unionida Unionidae Parreysia P. favidens   0.53      0.98    1.08          0.98  

Bivalvia Unionida Unionidae Potamilus P. ohiensis         -1.57              -1.57  

Bivalvia Unionida Unionidae Ptychobranchus P. fasciolaris         -0.35              -0.35  

Bivalvia Unionida Unionidae Pyganodon P. grandis         -0.68              -0.68  

Bivalvia Unionida Unionidae Unio U. elongatulus         0.05    -0.10          -0.03  
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Bivalvia Unionida Unionidae Utterbackia U. imbecillis   -1.45      -1.25      -1.43        -1.43  

Bivalvia Unionida Unionidae Venustaconcha V. ellipsiformis         -1.63              -1.63  

Bivalvia Unionida Unionidae Villosa V. fabalis         -0.25              -0.25  

Bivalvia Unionida Unionidae Villosa V. iris         -1.43  0.81  -1.88          -1.43  

Bivalvia Unionida Unionidae Villosa V. vibex   -1.97      -1.51      -0.72      -1.16  -1.33  

Bivalvia Venerida Cyrenidae Corbicula C. fluminea         -0.57        1.22    0.05  0.05  

Bivalvia Venerida Cyrenidae Corbicula C. manilensis         1.61              1.61  

Bivalvia Venerida Cyrenidae Villorita V. cyprinoides ssp. cochiensis   -2.89    -2.03  -2.90    -3.54  -1.79        -2.89  

Bivalvia Venerida Mactridae Rangia R. cuneata       -0.69  0.05    0.86          0.05  

Bivalvia Venerida Sphaeriidae Pisidium P. casertanum   -0.18              1.04      0.43  

Bivalvia Venerida Sphaeriidae Pisidium P. compressum   1.19              2.37      1.78  

Gastropoda Architaenioglossa Ampullariidae Pila P. globosa         0.09              0.09  

Gastropoda Architaenioglossa Ampullariidae Pomacea P. paludosa         -1.63            -1.67  -1.65  

Gastropoda Architaenioglossa Viviparidae Bellamya B. bengalensis         -0.67            0.93  0.13  

Gastropoda Architaenioglossa Viviparidae Cipangopaludina C. malleata         0.69  0.33  0.60        0.07  0.46  

Gastropoda Architaenioglossa Viviparidae Filopaludina Filopaludina sp.                 1.11      1.11  

Gastropoda Architaenioglossa Viviparidae Viviparus V. bengalensis   -1.23    -1.37  -1.19    0.57  -0.95  -1.81    -2.19  -1.23  

Gastropoda Littorinimorpha Amnicolidae Amnicola A. limosa   0.57              0.57      0.57  

Gastropoda Littorinimorpha Amnicolidae Amnicola Amnicola sp.   0.67    0.92  1.14    0.72  1.05      0.89  0.90  

Gastropoda   Ancylidae Ancylus A. fluviatilis                     0.13  0.13  

Gastropoda   Lymnaeidae Lymnaea L. acuminata         0.48              0.48  

Gastropoda   Lymnaeidae Lymnaea L. emarginata ssp. angulata       -0.67  -0.73        -1.42    -1.56  -1.07  

Gastropoda   Lymnaeidae Lymnaea Lymnaea sp.         0.54              0.54  

Gastropoda   Lymnaeidae Lymnaea L. stagnalis   0.00      0.55    0.71        0.31  0.43  

Gastropoda   Lymnaeidae Radix R. luteola   -1.41    -1.30  -2.13    -2.99  -1.67      -1.16  -1.54  

Gastropoda   Lymnaeidae Radix R. natalensis         0.35              0.35  
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Gastropoda   Lymnaeidae Radix R. plicatula   0.35                    0.35  

Gastropoda   Pachychilidae Brotia Brotia sp.   0.53      -0.38              0.08  

Gastropoda   Physidae Aplexa A. hypnorum 0.16            0.07      1.56    0.16  

Gastropoda   Physidae Physa P. gyrina   0.20        -0.92            -0.36  

Gastropoda   Physidae Physa P. heterostropha       1.66  -0.54            -0.38  -0.38  

Gastropoda   Physidae Physa P. integra       -1.26              -1.53  -1.40  

Gastropoda   Physidae Physa Physa sp.                 0.48  0.48    0.48  

Gastropoda   Physidae Physella P. acuta         0.34  -0.57  0.57        0.28  0.31  

Gastropoda   Physidae Physella P. gyrina         -2.58              -2.58  

Gastropoda   Physidae Physella P. heterostropha       0.84              -0.50  0.17  

Gastropoda   Physidae Physella Physella sp.         -0.67              -0.67  

Gastropoda   Planorbidae Biomphalaria B. alexandrina         0.63  0.09          0.32  0.32  

Gastropoda   Planorbidae Biomphalaria B. glabrata   -0.98    0.06  -0.02              -0.02  

Gastropoda   Planorbidae Bulinus B. globosus         0.67              0.67  

Gastropoda   Planorbidae Bulinus B. truncatus         0.95              0.95  

Gastropoda   Planorbidae Gyraulus Gyraulus sp.   0.13              0.12    0.48  0.13  

Gastropoda   Planorbidae Helisoma H. duryi         0.85              0.85  

Gastropoda   Planorbidae Indoplanorbis I. exustus         0.21  -0.55  0.67        0.29  0.25  

Gastropoda   Planorbidae Isidorella I. newcombi         0.38              0.38  

Gastropoda   Planorbidae Physastra P. gibbosa         -1.27            1.13  -0.07  

Gastropoda   Planorbidae Planorbarius Planorbarius sp.         1.48  0.48          0.78  0.78  

Gastropoda   Planorbidae Planorbella P. campanulata                     0.02  0.02  

Gastropoda   Planorbidae Planorbella P. trivolvis     0.69  -0.03  -1.34  -0.36    -0.96      -0.01  -0.20  

Gastropoda   Planorbidae Planorbis P. planorbis         0.41              0.41  

Gastropoda   Pleuroceridae Elimia E. livescens       -1.06  -0.73        -1.19    -1.30  -1.13  

Gastropoda   Pleuroceridae Leptoxis L. dilatata                     -0.17  -0.17  
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Gastropoda   Pleuroceridae Leptoxis L. praerosa         -1.91              -1.91  

Gastropoda   Pleuroceridae Leptoxis Leptoxis sp.       0.32  0.79            0.08  0.32  

Gastropoda   Potamididae Tympanotonus T. fuscatus         1.28              1.28  

Gastropoda   Potamididae Tympanotonus T. fuscatus var. radula   0.88      1.51        2.36    1.62  1.57  

Gastropoda   Semisulcospiridae Semisulcospira S. libertina         0.47  -0.62  0.56        0.47  0.47  

Gastropoda   Thiaridae Melanoides M. tuberculata   0.63      0.32  0.06    0.53  0.05    0.23  0.27  

Gastropoda       Basommatophora         -0.63              -0.63  

Polyplacophora Chitonida Ischnochitonidae Ischnochiton I. hakodadensis   -0.29      0.46            -0.66  -0.29  

Chromadorea Plectida Plectidae Plectus P. communis   0.79                    0.79  

Chromadorea Rhabditida Aphelenchidae Aphelenchus A. avenae   2.22      0.32    0.86  -0.03  0.31    1.07  0.59  

Chromadorea Rhabditida Cephalobidae Acrobeloides A. buetschlii   1.15                    1.15  

Chromadorea Rhabditida Cephalobidae Cephalobus C. persegnis   0.72      0.43      0.56  -0.14    1.74  0.56  

Chromadorea Rhabditida Diplogasteridae Diplogasteritus Diplogasteritus sp.   0.44                    0.44  

Chromadorea Rhabditida Panagrolaimidae Panagrellus P. silusiae   0.68    1.04  0.58    1.20  0.99  -0.18    0.73  0.73  

Chromadorea Rhabditida Rhabditidae Rhabditis Rhabditis sp.   0.82                    0.82  

Chromadorea Rhabditida Tylenchidae Tylenchus T. elegans   2.22                    2.22  

Enoplea Dorylaimida Aporcelaimidae Aporcelaimellus A. obtusicaudatus   0.98                    0.98  

Enoplea Dorylaimida Dorylaimidae Dorylaimus D. stagnalis   0.78                    0.78  

Enoplea Mononchida Mononchidae Prionchulus P. punctatus   0.52                    0.52  

Enoplea Triplonchida Tobrilidae Tobrilus T. gracilis   0.80                    0.80  

Rhabditophora Tricladida Dendrocoelidae Dendrocoelum D. lacteum   0.83                    0.83  

Rhabditophora Tricladida Dugesiidae Dugesia D. bengalensis             -2.09          -2.09  

Rhabditophora Tricladida Dugesiidae Dugesia D. dorotocephala         0.34          1.24    0.79  

Rhabditophora Tricladida Dugesiidae Dugesia D. lugubris   0.74          -0.13          0.31  

Rhabditophora Tricladida Dugesiidae Dugesia D. schubarti         0.94              0.94  

Rhabditophora Tricladida Dugesiidae Dugesia Dugesia sp.   1.71                    1.71  
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Rhabditophora Tricladida Dugesiidae Girardia G. tigrina   0.48  -0.29  0.14  0.28  -0.36  -0.54  0.42  2.13    0.25  0.25  

Rhabditophora Tricladida Planariidae Polycelis P. felina   0.96                    0.96  

Eurotatoria Philodinida Philodinidae Philodina P. acuticornis       0.59  0.69            -0.33  0.59  

Eurotatoria Philodinida Philodinidae Philodina P. roseola -0.29      0.60                0.15  

Eurotatoria Philodinida Philodinidae Philodina Philodina sp.       -0.23                -0.23  

Eurotatoria Ploima Brachionidae Brachionus B. calyciflorus -0.80  0.14    0.49  0.37  -0.16  0.46  0.15  -0.32  0.44  -0.06  0.15  

Eurotatoria Ploima Brachionidae Brachionus B. havanaensis   0.00                  -0.10  -0.05  

Eurotatoria Ploima Brachionidae Brachionus B. koreanus         0.76              0.76  

Eurotatoria Ploima Brachionidae Brachionus B. patulus   0.02      0.61    0.50          0.50  

Eurotatoria Ploima Brachionidae Brachionus B. plicatilis         -0.03    0.85        0.11  0.11  

Eurotatoria Ploima Brachionidae Brachionus B. rubens   -0.59      -0.48              -0.54  

Eurotatoria Ploima Lecanidae Lecane L. hamata       -0.07  -0.25              -0.16  

Eurotatoria Ploima Lecanidae Lecane L. luna       -0.14  -0.57              -0.35  

Eurotatoria Ploima Lecanidae Lecane L. quadridentata       -0.06  -0.16  -2.23          -1.81  -0.98  

  Rotifera       Rotifera         0.55              0.55  

 

bSmetal is the median of the eleven heavy metal sensitivity values for each taxonomic level. S values in the higher taxonomic levels equal the S values in the lower 

taxonomic levels, when only one lower taxon is present. Negative values indicate more sensitive taxa and positive values indicate less sensitive taxa. 

 

 

 

 

 



Table S4. Summary of site-specific environmental parameters, macroinvertebrate community indicesc, and toxicity values in the Upper Nakdong River 

Site 
SPEARmetal-

2012 
(Malaj et al., 

2012) 

SPEARmetal-
2024 

(This study) 

Community indices 
Toxic values 

Environmental parameters 
Fresh water Sediment 

Names Season TR EPT H' BMI Sum of HQ MAX HQ mPELq Hardness Temp DO pH Alkalinity Conductivity NTU TOC DOC 

ST1 Spring 0.77  0.45  26  13 2.20  76.29  0.12  0.06  0.93  34.67  5.40  15.53  9.12  59.00  335.50  1.57  1.53  0.93  

ST1 Fall 0.85  0.54  22  14 2.54  80.74  0.20  0.09  1.41  189.63  20.40  10.51  8.65  72.00  412.30  0.74  1.95  1.07  

ST2 Spring 0.49  0.29  14  11 1.90  88.10  2.66  1.39  6.55  31.17  5.90  13.60  9.13  49.00  367.90  1.70  1.54  0.94  

ST2 Fall 0.47  0.14  11  9 1.90  86.40  4.40  3.11  2.58  171.17  20.30  9.58  8.34  64.00  449.80  0.81  1.17  1.29  

ST3 Spring 0.50  0.36  13  11 1.80  88.40  4.65  2.46  5.06  29.38  3.90  12.88  8.01  48.00  353.30  0.75  1.56  0.95  

ST3 Fall 0.66  0.29  10  7 1.40  88.70  4.48  2.77  2.13  173.94  20.30  9.20  8.26  65.00  448.90  0.50  0.90  1.15  

ST4 Spring 0.60  0.37  17  12 2.27  76.34  2.74  1.50  3.86  27.70  4.00  13.20  7.67  44.00  326.60  0.85  1.70  1.05  

ST4 Fall 0.64  0.37  10  9 1.66  92.50  1.34  0.87  2.15  148.54  22.40  8.69  8.78  62.00  391.10  0.42  2.64  2.07  

ST5 Spring 0.78  0.67  30  20 2.44  85.01  2.26  1.29  2.66  24.25  3.70  13.42  7.69  44.00  287.10  0.55  1.52  0.93  

ST5 Fall 0.51  0.53  17  11 1.85  80.27  0.75  0.50  1.69  125.99  23.10  9.50  8.86  50.00  327.30  3.32  2.21  1.69  

ST6 Spring 0.52  0.44  23  17 2.22  90.17  0.88  0.44  2.15  20.21  4.20  13.14  7.45  43.00  202.60  23.34  2.99  1.88  

ST6 Fall 0.75  0.59  22  17 2.77  86.40  0.30  0.16  2.04  92.08  25.00  8.79  8.92  46.00  244.70  1.15  1.56  1.50  

ST7 Spring 0.58  0.45  51  32 2.54  82.20  0.69  0.36  0.56  19.98  4.80  13.21  7.54  31.00  212.00  17.87  2.51  1.57  

ST7 Fall 0.67  0.56  45  31 2.64  82.78  0.23  0.09  1.00  89.81  25.40  10.35  9.08  43.00  230.90  1.35  3.50  2.52  

UT1 Spring 0.73  0.49  42  24 2.78  70.86  0.18  0.13  1.83  23.41  6.00  12.74  8.17  93.00  289.00  1.37  1.12  0.67  

UT1 Fall 0.70  0.47  43  26 2.65  80.15  0.19  0.08  1.97  144.44  19.70  9.33  8.39  91.00  318.80  1.45  1.90  1.92  

UT2 Spring 0.84  0.77  24  19 2.74  95.70  0.21  0.11  1.11  9.63  3.60  13.38  8.39  20.00  110.30  1.28  0.83  0.48  

UT2 Fall 0.76  0.79  19  15 2.04  92.86  0.21  0.09  1.00  43.75  19.40  9.13  8.46  40.00  112.30  0.43  2.49  1.99  

UT3 Spring 0.63  0.60  41  31 2.80  88.47  0.19  0.07  1.23  5.17  5.60  12.64  8.65  19.00  54.90  1.63  5.42  3.46  

UT3 Fall 0.73  0.66  28  21 2.66  86.61  0.17  0.07  1.47  21.43  20.50  9.08  8.39  20.00  64.90  1.33  3.10  2.31  

UT4 Spring 0.65  0.61  87  65 3.51  92.29  0.06  0.02  0.42  4.26  3.60  12.68  7.85  17.00  41.20  2.31  3.39  2.14  

UT4 Fall 0.71  0.56  63  47 3.18  90.84  0.12  0.04  0.46  14.00  18.70  8.95  8.44  18.00  46.90  0.50  2.47  2.41  

UT5 Spring 0.70  0.69  54  35 2.85  88.76  0.20  0.07  1.24  9.67  3.00  13.22  7.76  27.00  98.40  1.95  4.76  3.03  

UT5 Fall 0.70  0.59  37 27 2.83  91.96  0.27  0.12  0.80  32.06  21.60  8.93  8.64  29.00  91.20  0.45  2.73  2.12  

UT6 Spring 0.81  0.77  63 42 2.91  87.87  0.19  0.07  0.43  10.95  3.60  13.22  7.76  18.00  159.30  4.27  1.22  0.73  

UT6 Fall 0.83  0.74  58 39 2.70  89.59  0.10  0.05  0.63  26.75  23.00  9.29  8.59  18.00  82.00  0.31  2.44  1.96  

UT7 Spring 0.68  0.63  66 46 3.32  93.36  0.13  0.08  0.42  11.74  3.20  13.28  7.82  18.00  68.20  1.68  2.88  1.81  

UT7 Fall 0.76  0.71  63 44 3.04  89.06  0.10  0.04  0.36  21.90  20.30  9.67  8.75  15.00  70.50  0.34  1.89  1.69  

UT8 Spring 0.72  0.50  55 35 2.82  80.85  0.13  0.08  0.65  12.80  4.20  13.35  7.84  56.00  111.90  21.49  12.81  8.24  

UT8 Fall 0.76  0.54  49 31 2.68  73.93  0.18  0.13  1.35  76.90  26.60  10.59  9.03  61.00  186.70  4.98  8.53  4.27  

UT9 Spring 0.68  0.52  53 34 2.91  78.92  0.17  0.09  0.19  18.24  4.90  13.29  7.29  40.00  173.10  13.96  10.48  6.74  

UT9 Fall 0.69  0.55  49 29 2.77  77.02  0.15  0.09  0.44  70.11  24.90  10.70  9.50  41.00  191.30  1.18  2.91  1.54  

UT10 Spring 0.74  0.59  37  29 2.89  90.43  0.04  0.03  0.16  7.87  5.50  12.80  7.44  36.00  95.20  8.89  8.41  5.40  

UT10 Fall 0.82  0.77  23  15 2.58  85.70  0.05  0.03  0.20  53.09  21.00  6.12  8.48  47.00  120.40  1.01  2.38  1.93  

UT11 Spring 0.80  0.57  65 41 2.85  78.42  0.13  0.10  0.14  16.90  6.40  13.04  7.90  57.00  144.30  17.55  5.70  3.64  

UT11 Fall 0.79  0.61  58 31 2.79  71.58  0.18  0.11  0.16  89.59  26.60  8.71  8.84  57.00  246.10  1.38  5.11  5.07  



c The macroinvertebrate community indices include taxa richness (TR), Shannon diversity (H’), Ephemeroptera, Plecoptera, and Trichoptera taxa (EPT), Benthic 

Macroinvertebrate Index (BMI), and the SPEAR index for metals. The SPEAR index was calculated using both the existing taxon-specific metal sensitivity from 

SPEARmetal-2012(Malaj et al., 2012) and the newly updated sensitivity from SPEARmetal-2024(This study). 

  



Table S5. Information on benthic macroinvertebrate species found in the upper Nakdong River 

Species_name 
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Acentrella gnom                 12    4  4  19  34    4      8        7    4  15    4    141  74  94          

Acentrella sibirica       4  7    11        130  8  105  22  37  70          4  37  8  8  215  115  4  63  296  67  78  4  56  19  11  15  

Agapetus KUa                                                   4                      

Alboglossiphonia heteroclita                                                                     4    

Alboglossiphonia lata                         8    4  7                                4      7  23  

Ameletus costalis                                         12            7                    

Ameletus montanus                         4                15            4                    

Amphinemura KUa                                   8  8    142    4        8  4            4      

Amphinemura KUb                                         15                                

Amphinemura coreana     4                                    7  7          22  41          8  4      

Anisogomphus maacki                                           4        4    4                  

Antocha KUa 137  30  7  63  4  33  52    12    4  4  82  52  600  652      7    79  196  53  11  52  19  64  56  215  85  101    155    333  52  

Apatania KUa                                         4                4            7    

Apatania KUb                                                                 4    4    

Arctopsyche ladogensis                                     4                                    

Asellus sp.                   4                                                      

Assiminea lutea                                                             4            

Atherix KUa                                         7                                

Atrocalopteryx atrata                                                             37        8    

Austropeplea ollula                                         4                                

Baetiella tuberculata 944      63  4  
27
0  

22  93  160  7  15  19  171  363  646  874  7  49  74  67  30  
125

8  
175  

23
0  

1396  974  60  
36
3  

97  19  800  685  26  4  19  23  

Baetis fuscatus 30  15          31      11  167  27  972  844  700  570  19  8  11  
15
2  

356  104  112  
29
3  

822  330  23  
10
4  

763  
150
6  

235  371  48  82  2506  755  

Baetis silvaticus                                 8        518        189    241          5      30    

Baetis ursinus 323  12      4    4    30    8    123  60  194  41      30  4    19  67  15  4      4  59  34  123  119  4    37  19  

Caenis KUa   4              433      4  33  126  30  44          15    26    30  7  4  4    19  67  37      552  
155
7  

Caenis sp.                                                                     19    

Calopteryx japonica                                                 8      4                  

Ceraclea KUb                     4    4                                        4        

Ceraclea KUc                   4                                                      
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Ceratopogonidae sp.                             11              4  4    7  4    4  7    4  4      4  4  

Chaetogaster limnaei                             70  19          126                                

Chaoborus KUa                                                                     7    

Cheumatopsyche KUa                   19    4  12  60    8                                15        4  

Cheumatopsyche KUb                         156  8    15                    15        7    52        7  

Cheumatopsyche 
brevilineata 

429  34  104  44  63  19  8  8  15  
13
8  

189  16  1737  511  300  
131
9  

  4  59    41  30  19  38  97  90  37  30  870  792  718  774      578  262  

Chironomidae spp.(red type)     4              4      93  22  248  944          22  30      44  11  11  22  1047  614  370  259      1151  132  

Chironomidae spp.(non-red 
type) 

1150  97    
22
6  

  
17
4  

69  16  364  15  53  27  786  488  1478  574  8    105  8  168  271  288  
42
9  

566  138  392  38  1198  
146
0  

1108  861  171  27  1272  811  

Chloroperlidae sp.                                     8                                    

Choroterpes (Euthraulus) 
altioculus 

                      12    26      4      4    4  152  
48
9  

44  78      11    161  124      44  155  

Cincticostella levanidovae     15    4            4    4    23  4  37    75    89  15      89  4  181  
12
3  

    11      8  22    

Cincticostella orientalis                                 4    12    167  122      30    7    4    11            

Cinygmula grandifolia                                         19          7  4    4                

Cinygmula hirasana                                     4                                    

Cloeon dipterum                                                                       23  

Corbicula (Corbiculina) 
fluminea 

                                                                      15  

Crocothemis servilia 
mariannae 

                                                        26                

Culicidae sp.                                                           4            4  

Davidius lunatus                             4      7  4  23  4  26  4  7    4  11  12            15      

Dicranota KUa                                         11        7      4                  

Dolichopodidae sp. 8                                        8        7        4                

Drunella aculea                               4  37    30    268  30  49    330  30  171  59  19  7  7    4  4      

Drunella ishiyamana 19                  4      4        7      93  8  323  375  
15
2  

245  4  571  78  52    75            

Drunella triacantha                                     100    4  152  8      4  56            4        

Dugesia japonica                         7  30  78  70          26  67      19  30  15  56  122  170  48  26      178  45  

Dugesia sp. 422  38          8            26  12  182  90  7    153  23  185  8  12  8  19  12  23    86    4    90  4  148  44  

Ecdyonurus bajkovae   4  4                      7  4  19  19  8    4  30  89      189  97  48  15  59  48  4        4  22  

Ecdyonurus dracon 8                        7  4              67    15    15  33  19  19      33    15    7    

Ecdyonurus joernensis                 48    34  15  311  135        67      11                  4  7      4  53  19  

Ecdyonurus kibunensis   37            4  4  16    4  137  226  59  122  52  37  19  
13
8  

334  209  1167  
31
1  

2536  
158
8  

474  
79
0  

200  255  141  118  189  12  407  79  

Ecdyonurus levis 15  41  19    4      4  41      38  61  105  241  108  12            33  56  196  11  7    159  300  100  97    7  67  337  
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Ecdyonurus sp.                 4                                      4                  

Ecnomus tenellus                                                 26                        

Eisenia sp. 45                      4      8  4      22                    8      26          

Elmidae sp.                         30  8              15  4  19                        149  4  

Elmidae sp. (larva)                         48  11    15            7  33  19          11  11  11  37      292  100  

Epeorus aesculus                                         8                                

Epeorus nipponicus                 4                4    71  8  648  226  7  4  378  155  407  86  26  11  4    60    4    

Epeorus pellucidus 16  8  4  4  7  4    37  4  4  30  19  68  41  253  281  52  
29
3  

78  42  204  726  263  
22
6  

1129  867  467  
95
2  

652  637  333  418  74  26  144  11  

Ephemera orientalis               4  19        8  19  4                19  7  19  8    67    4    4      75  70  

Ephemera separigata                                         12              4                  

Ephemera strigata 4    7    4                  4    15    53    15  8  142      4  30  123  
21
5  

26  11    4  4  22  11  163  

Ephemerella atagosana                         4        4    19    44      11      15    4  7  4        7    

Ephemerella imanishii                                           4                              

Ephemerella kozhovi                                         49        7                12        

Ephemerella sp.                                         7                                

Erpobdella lineata   4                          7  15                  11        16  15    15      4  11  

Eubrianax ramicornis   4                8                                12    4    4        12      

Gammarus sp.                                             4          4            4      

Gerris sp.                                                                 4        

Glossiphonia complanata                               4                                          

Glossosoma KUa         4                11        11  4  4  12  34  56  8    52  33  67  22      104  48  33    8    

Goera japonica                                         26  89            4          22    7  7  

Goera parvula                                                       12  4  4              

Gomphidia confluens                       4                                                  

Gumaga orientalis                                                   8                      

Gyraulus convexiusculus 4                            4          4                                  

Helochares (Hydrobaticus) 
nipponicus 

                  4                                                      

Hemiclepsis marginata                                                                       4  

Heptagenia kyotoensis                                           4            23                  

Hexatoma KUa                 4                        22  53  26  19  4  11  11  7  26  11              

Hexatoma KUb                                                 26  19  4                    
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Hexatoma KUc                                 4      4  45  71  4    4  34  15  8                  

Hydatophylax nigrovittatus                                       12  4                                

Hydrophilidae sp.                                                           7              

Hydropsyche KD                           12                                              

Hydropsyche KUb             4                                                    52        

Hydropsyche 
kozhantschikovi 

  4  67  26  52  11  70  41    38  190  12  1444  
134
3  

1310  
241
0  

  16      56  174  115  90  64  159  107  19  1525  974  1218  571  52    385  216  

Hydropsyche orientalis   4  4  37    15  4        11    26    48  30    33  152  23  697  267    
13
7  

238  23  227  85  26    30  19      4    

Hydropsyche valvata 474    4  52  4    4  4  115    340  8  800  730  1140  840                20  11  11  8    196  407  407  708      89  18  

Hydroptila KUa                               7                  4            4  4      11  22  

Ischnura asiatica                                                                       4  

Isoperla KUa                                     8    49            4                    

Kamimuria coreana                         4            60  8  105  100          113  90  48  26              

Labiobaetis atrebatinus                       15    96    4                    4    7    7    4        4  

Laccobius (Laccobius) bedeli                           4                                              

Lamelligomphus ringens                                                       7      8  7      19  4  

Lepidostoma KUa                                                             4            

Lepidostoma KUb 4                        4        12    8    12  4  15    37  15  38  
10
4  

        15  4  8    

Limnephilus KUa                                         11                                

Limnodrilus gotoi 441  
11
1  

        4    67        11  64  264  74      12  7  59  15  30    123  48  15  52  75  255  78  133  19  4  331  176  

Macrostemum radiatum                           4                                              

Malacopsephenoides 
japonicus 

                        8                    15  26    4  4    7      4      7  33  

Mataeopsephus japonicus                                                   4                      

Micrasema KUa                                                       63                  

Micronecta sp.                 7        15      4                                        22  

Mystacides KUa                 15                                4                4    8    

Nemoura KUa                                         7                                

Nemoura KUb                                         26        7        7  7      8        

Nemoura tau                                         8                                

Neoperla coreensis                                         4  4  7  11  23                        

Neophylax ussuriensis                                 4    19    93            159                4    

Nigrobaetis bacillus 15  53              30  4  8    22  111  249  138        4  8    60  12  34  15  45  4    7  145  45      93  52  
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Nothopsyche KUa                             7                            11            182  15  

Oecetis sp.                 4                                      4                  

Oreodytes natrix                                                 4        4        4        

Oyamia nigribasis                                         45  15  8    4                        

Paracapnia recta                                                       4                  

Parachauliodes asahinai                                         4    4  4  26          4        4  7    

Paragnetina flavotincta                           4              26  41          22    11                

Paraleptophlebia japonica             8                    4    348    245    815    708    482  19  70    41    23        

Pedicia KUa                                         8  4  8        41                    

Perlomyia mahunkai                                       52                                  

Phagocata sp.                                           4                              

Physa acuta 4                          4  11  4                          22  30  11  7        3  

Platycnemis phyllopoda                                                                       4  

Plectrocnemia KUa                                             8      4                  4    

Pomacea canaliculata                                                           7              

Potamanthus formosus                           30                      4        4    12  24          

Potamyia KUb                                                                     4    

Procloeon maritimum                 30      7                    11              4  78              

Procloeon pennulatum                           34                        8        4  4        53  82  

Protohermes xanthodes                 4        19          4          4                  4          

Psephenoides KUa                 30                            30    34  19            23        4  

Psilotreta kisoensis                                         41  100    30    4    4                  

Psilotreta locumtenens                                         15    67            59                

Psychomyia KUa     7                    38  11  4              4                  41  15      48  36  

Radix auricularia 4                7        4  4  8  4                      8    78  34    4      86  14  

Rhithrogena japonica                                           23    12        
13
0  

                

Rhithrogena na                                   4    15  4  212    4    141    
17
8  

                

Rhoenanthus coreanus                                                                       11  

Rhyacophila KUa                                                   11                      

Rhyacophila brevicephala                                         8  4                              

Rhyacophila impar                                           4          4                    
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Rhyacophila lata             4                26            23  4          12                    

Rhyacophila narvae                                         4                                

Rhyacophila nigrocephala 33  4    22    11  15    12    4    31  4  230  96      31  4  93  108  23  15  111  67  108  41  4  11  38  11  7  4  11  7  

Rhyacophila retracta                                         7  15  7        11    4                

Rhyacophila shikotsuensis                                         7          7  4                    

Rhyacophila yamanakensis       15    4    4      19    4    15  8      15    7  4  67  30  19    11  4    4    8  4        

Scirtes KUa                                         26                                

Scirtidae sp.                                     8                8                    

Semisulcospira forticosta 4                                                            30  4      4  10  

Semisulcospira libertina 30  71  7                    22  15  475  234  4  19    38  181    22  19  633  304  256  
26
4  

97  97  22  44  4  49  374  330  

Serratella setigera   4              19        4  7  130  12    4  4  11  70  211  104  90  197  349  100  49  41    56  15  41  4  152  11  

Sialis KUa                                                       4                  

Sieboldius albardae         4            4                        4        7  8              4    

Simulium sp. 56          7  4    93    12  4  4    8  386  4  34  4    19  27  222  
26
4  

82  126  78  15  100  78  33  26  204    122    

Siphlonurus chankae                                                                 4        

Stavsolus KUa                                     8                                33  11  

Stavsolus japonicus                                           15                              

Stenelmis montana                 4                                                        

Stenelmis nipponica   4                8  4    8  19                              4  30  12  23          

Stenelmis sp.                         12  12                          4        35  30        7  

Stenelmis vulgaris                     8    15                15          7  8        8        22    

Stenelmis vulgaris                     8    15                15          7  8        8        22    

Stenopsyche bergeri                             7        7  4  41  81  12                            

Stenopsyche marmorata                                     7    8  30  78  52  8        41  30              

Suragina KUb                                     4    12        8    15                    

Sweltsa KUa                                           7                              

Sweltsa colorata                                         41  19          48  11                  

Tabanidae sp.                                     4                                    

Tabanus kinoshitai                         4                                              11  

Taenionema KUb                                                 4    7                    

Taenionema KUc                                         4                                
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Teloganopsis punctisetae   19              300  
18
6  

15  48  919  907  34  311  7  4  441  8  72  163  427  
14
6  

334  81  160  97  190  141  404  
115
1  

15    1710  272  

Tipula KUb                             7                    7            4        7    

Whitmania acranulata                                                                       1  

Wormaldia KUa                                         4  19  11  4      70  59          4        

Zaitzevia sp. 4                                                                        
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