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Supplementary material 

This supplement contains: 

• Table S1: Toxicity of Glyphosate and AMPA to aquatic microorganisms.  

• Table S2: Toxicity of Glyphosate and AMPA to aquatic invertebrates.  

• Table S3: Toxicity of Glyphosate and AMPA to fish. 

• Table S4: Toxicity of Glyphosate and AMPA to amphibians. 

•  Table S5: Toxicity of Glyphosate and AMPA to aquatic macrophytes. 

• Table S6: Toxicity of Glyphosate to benthic organisms. 

• References of supplementary material.
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Table S1: Toxicity of Glyphosate and AMPA to aquatic microorganisms.  

 

AQUATIC MICROORGANISMS 

Glyphosate 

Species Test duration  

IC50 / EC50  NOEC  

Formulation Reference (mg a.i L-1) (mg RU L-1) (mg a.e L-1) (mg a.i L-1) (mg RU L-1) (mg a.e L-1) 

Anabaena flos-aquae   7 d   15   9.7 Glyphosate Malcolm Pirnie, 1987a  

Ankistrodesmus sp.  4 d 412 309 20 15.0 Glyphosate (tested as IPA salt) Gardner et al., 1997 

Chlamydomonas eugametos  4 d   > 169    16.9 Glyphosate Hess, 1980 

Chlorella pyrenoidosa 4 d   3.53     Glyphosate (TC: technical product) Ma, 2002 

Chlorella pyrenoidosa  4 d   590     Glyphosate Maule and Wright, 1984 

Chlorella pyrenoidosa   7 d   189 58.6     Roundup® Hernando et al., 1989 

Chlorella saccharophila 3 d   26     Glyphosate (Analytical Standard) Vendrell et al., 2009 

Chlorella sorokiniana    4 d   3 0.9   2 0.6 Roundup® Christy et al., 1981 

Chlorella vulgaris  3 d   24.5     Glyphosate (Analytical Standard) Vendrell et al., 2009 

Chlorococcum hypnosporum   4 d   68     Glyphosate Maule and Wright, 1984 

Navicula pelliculosa  7 d   42   33.6 Glyphosate Malcolm Pirnie, 1987c 

Scenedesmus acutus 4 d   10.2   2 Glyphosate Saenz et al., 1997 

Scenedesmus acutus 3 d   40.6     Glyphosate (Analytical Standard) Vendrell et al., 2009 

Scenedesmus oblicuos 4 d   55.85     Glyphosate (TC: technical product) Ma, 2002 

Scenedesmus quadricauda  4 d   7.2   0.77 Glyphosate Saenz et al., 1997 

Scenedesmus subspicatus 3 d   41.7     Glyphosate (Analytical Standard) Vendrell et al., 2009 

Scenedesmus subspicatus 3 d 72.9 54.7 10.5 7.88 Glyphosate (tested as IPA salt) Dengler and Mende, 1994b 

Scenedesmus subspicatus 3 d 166 125 26.4 19.80 Glyphosate (tested as IPA salt) Dengler and Mende, 1994b 

Selenastrum capricomutum 4 d   2.6 0.8     Roundup® Thomas et al., 1990 

Selenastrum capricomutum  3 d   2.1 0.7   0.73 0.23 Roundup® LISEC, 1989 

Selenastrum capricomutum 3 d   8 2.5     Roundup® LISEC, 1989 

Selenastrum capricornutum 4 d   5.81     Roundup®  Tsui and Chu, 2003 

Selenastrum capricornutum 4 d   24.7     Glyphosate Technical grade Tsui and Chu, 2003 

Selenastrum capricornutum 4 d   41     Glyphosate (tested as IPA salt) Tsui and Chu, 2003 

Selenastrum capricornutum  4 d   21.8 or 26.3     Glyphosate Bozeman et al., 1989 

Selenastrum capricornutum  3 d   485   45 Glyphosate NATEC, 1990 
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AQUATIC MICROORGANISMS 

Glyphosate 

Species Test duration  

IC50 / EC50  NOEC  

Formulation Reference (mg a.i L-1) (mg RU L-1) (mg a.e L-1) (mg a.i L-1) (mg RU L-1) (mg a.e L-1) 

Selenastrum capricornutum  7 d   13.8   10.6 Glyphosate Malcolm Pimie, 1987b 

Tetrahymena pyriformis 40 h   29.5     Roundup®  Tsui and Chu, 2003 

Tetrahymena pyriformis 40 h   648     Glyphosate Technical grade Tsui and Chu, 2003 

Tetrahymena pyriformis 40 h   386     Glyphosate (tested as IPA salt) Tsui and Chu, 2003 

Tetrahymena pyriformis 9 h      >500        Glyphosate (Fluka) Bonnet et al., 2007 

AMPA 

Species Test Duration 

IC50 / EC50 NOEC  

Formulation Reference (mg AMPA L-1) (mg AMPA L-1) 

Scenedesmus subspicatus 3 d 90 7,9 AMPA (Analytical Standard) Dengler and Mende, 1994a 

Tetrahymena pyriformis  9 h  >5000    AMPA (Analytical Standard, Fluka) Bonnet, 2007 

 

IC50: median inhibitory concentration, EC50: median effective concentration, NOEC: no observed effects concentration, RU: Roundup. Bold value indicates lower 
NOEC for aquatic organisms.   
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Table S2: Toxicity of Glyphosate and AMPA to aquatic microorganisms.  

AQUATIC INVERTEBRATES 

Glyphosate 

Species Life stage 
Test 

duration  

LC50 / EC50 NOEC  

Formulation Reference (mg a.i L-1) (mg RU L-1) (mg a.e L-1) (mg a.i L-1) (mg RU L-1) (mg a.e L-1) 

Anopheles quadrimaculatus Larvae 1 d   673.4 208.8       Roundup® Holck and Meek, 1987 

Ceriodaphnia dubia 2 d   5.39     Roundup® Tsui and Chu 2003 

Ceriodaphnia dubia 2 d   147     Glyphosate Technical grade Tsui and Chu 2003 

Ceriodaphnia dubia 2 d   415     Glyphosate (tested as IPA salt) Tsui and Chu, 2003 

Daphnia magna 2 d   24 7   7.8 2.4 Roundup® EG & G Bionomics, 1980f 

Daphnia magna 2 d   12.9 4.0   4.6 1.4 Roundup® EG & G Bionomics, 1980e 

Daphnia magna 2 d   780   560 Glyphosate (tested as acid) ABC Inc., 1978a 

Daphnia magna 2 d 930 698 320 240 Glyphosate (tested as IPA salt) ABC Inc., 1981a 

Daphnia magna 21 d       3.2 1.0 Roundup® ABC Inc., 1989b 

Daphnia magna 21 d       100 GIyphosate ABC Inc., 1989c 

Daphnia magna 21 d       50 GIyphosate ABC Inc., 1982d 

Daphnia magna  2 d   9.7 3.0     Roundup® Folmar et al., 1979 

Daphnia pulex 2 d   19 6     Roundup® 
Hartman and Martin, 
1984 

Daphnia pulex 4 d   25.5 7.9     Roundup® Servizi et al., 1987 

Gammarus pseudolimnaeus 2 d   42 13   4.4 1.4 Roundup® ABC Inc., 1982b 

Gammarus pseudolimnaeus 2 d   200 62     Roundup® Folmar et al., 1979 

Gammarus pseudolimnaeus 4 d   138.7 43.0     Roundup® Folmar et al., 1979 

Hyalella azteca 10 d >530  397.5 265 199 Glyphosate (tested as IPA salt) Beyers, 1993 

Lampsilis siliquiodea Glochidia 24 h   3     Roundup® Bringolf et al., 2007 

Lampsilis siliquiodea Glochidia 48 h   2.9     Roundup® Bringolf et al., 2007 

Lampsilis siliquiodea Juvenile 48 h   5.9     Roundup® Bringolf et al., 2007 

Lampsilis siliquiodea Juvenile 96 h   5.9     Roundup® Bringolf et al., 2007 

Lampsilis siliquiodea Juvenile 7 d   >7.4      Roundup® Bringolf et al., 2007 

Lampsilis siliquiodea Juvenile 14 d   >7.4      Roundup® Bringolf et al., 2007 

Lampsilis siliquiodea Juvenile 21 d   6     Roundup® Bringolf et al., 2007 
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AQUATIC INVERTEBRATES 

Glyphosate 

Species Life stage 
Test 

duration  

LC50 / EC50 NOEC  

Formulation Reference (mg a.i L-1) (mg RU L-1) (mg a.e L-1) (mg a.i L-1) (mg RU L-1) (mg a.e L-1) 

Lampsilis siliquiodea Juvenile 28 d   3.7     Roundup® Bringolf et al., 2007 

Lampsilis siliquiodea Glochidia 24 h   >148      
Aqua Star (active ingredient: 53.8% 
glyphosate IPA salt) Bringolf et al., 2007 

Lampsilis siliquiodea Glochidia 48 h   >148      
Aqua Star (active ingredient: 53.8% 
glyphosate IPA salt) Bringolf et al., 2007 

Lampsilis siliquiodea Juvenile 48 h   >148      
Aqua Star (active ingredient: 53.8% 
glyphosate IPA salt) Bringolf et al., 2007 

Lampsilis siliquiodea Juvenile 96 h   >148      
Aqua Star (active ingredient: 53.8% 
glyphosate IPA salt) Bringolf et al., 2007 

Lampsilis siliquiodea Juvenile 7 d   >148      
Aqua Star (active ingredient: 53.8% 
glyphosate IPA salt) Bringolf et al., 2007 

Lampsilis siliquiodea Juvenile 14 d   >148      
Aqua Star (active ingredient: 53.8% 
glyphosate IPA salt) Bringolf et al., 2007 

Lampsilis siliquiodea Juvenile 21 d   957.3     
Aqua Star (active ingredient: 53.8% 
glyphosate IPA salt) Bringolf et al., 2007 

Lampsilis siliquiodea Juvenile 28 d   43.8     
Aqua Star (active ingredient: 53.8% 
glyphosate IPA salt) Bringolf et al., 2007 

Lampsilis siliquiodea Glochidia 24 h   >200      Glyphosate (technical grade) Bringolf et al., 2007 

Lampsilis siliquiodea Glochidia 48 h   >200      Glyphosate (technical grade) Bringolf et al., 2007 

Lampsilis siliquiodea Juvenile 48 h   >200      Glyphosate (technical grade) Bringolf et al., 2007 

Lampsilis siliquiodea Juvenile 96 h   >200      Glyphosate (technical grade) Bringolf et al., 2007 

Lampsilis siliquiodea Juvenile 7 d   >200      Glyphosate (technical grade) Bringolf et al., 2007 

Lampsilis siliquiodea Juvenile 14 d   >200      Glyphosate (technical grade) Bringolf et al., 2007 

Lampsilis siliquiodea Juvenile 21 d   >200      Glyphosate (technical grade) Bringolf et al., 2007 

Lampsilis siliquiodea Glochidia 24 h   5.9     Glyphosate IPA (technical grade) Bringolf et al., 2007 

Lampsilis siliquiodea Glochidia 48 h   5     Glyphosate IPA (technical grade) Bringolf et al., 2007 

Lampsilis siliquiodea Juvenile 48 h   8.3     Glyphosate IPA (technical grade) Bringolf et al., 2007 

Lampsilis siliquiodea Juvenile 96 h   7.2     Glyphosate IPA (technical grade) Bringolf et al., 2007 

Lampsilis siliquiodea Juvenile 7 d   7.6     Glyphosate IPA (technical grade) Bringolf et al., 2007 

Lampsilis siliquiodea Juvenile 14 d   6.9     Glyphosate IPA (technical grade) Bringolf et al., 2007 

Lampsilis siliquiodea Juvenile 21 d   5.4     Glyphosate IPA (technical grade) Bringolf et al., 2007 

Lampsilis siliquiodea Juvenile 28 d   4.8     Glyphosate IPA (technical grade) Bringolf et al., 2007 

Lampsilis siliquiodea Glochidia 24 h   6     Glyphosate (tested as IPA salt) Bringolf et al., 2007 

Lampsilis siliquiodea Glochidia 48 h   4.6     Glyphosate (tested as IPA salt) Bringolf et al., 2007 



33 
 

AQUATIC INVERTEBRATES 

Glyphosate 

Species Life stage 
Test 

duration  

LC50 / EC50  NOEC  

Formulation Reference (mg a.i L-1) (mg RU L-1) (mg a.e L-1) (mg a.i L-1) (mg RU L-1) (mg a.e L-1) 

Lampsilis siliquiodea Juvenile 48 h   9.9     Glyphosate (tested as IPA salt) Bringolf et al., 2007 

Lampsilis siliquiodea Juvenile 96 h   6.3     Glyphosate (tested as IPA salt) Bringolf et al., 2007 

Orconectes nais 4 d   7 2     Roundup® 
Mayer and Ellersieck, 
1986 

Procambarus clarkii 4 d   47.3 14.7     Roundup® Holck and Meek, 1987 

Pseudosuccinea columella n.r   98.9     Glyphosate (tested as acid) Thompson, 1989 

Scapholeberis kingi   0,125 d   61 19       Roundup® Sun, 1987 

AMPA 

Species Life stage 
Test 

Duration 

LC50 / EC50 NOEC  

Formulation Reference (mg AMPA L-1) (mg AMPA L-1) 

Daphnia magna   2 dias 690 320 AMPA (Analytical Standard) ABC Inc., 1991a 

 
LC50: median lethal concentration, EC50: median effective concentration, NOEC: no observed effects concentration, RU: Roundup. Bold value indicates lower 
NOEC for aquatic invertebrates.   
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Table S3: Toxicity of Glyphosate and AMPA to fish. 

FISH 

Glyphosate 

Species Life stage Test 
duration  

LC50 NOEC  
Formulation Reference 

(mg a.i L-1) (mg RU L-1) (mg a.e L-1) (mg a.i L-1) (mg RU L-1) (mg a.e L-1) 

Cyprinodon variegatus   4 d     >1000      1000 Glyphosate (tested as acid) EG & G Bionomics, 1978 

Cyprinus carpio   4 d   10 3   5.6 1.7 Roundup® Liong et aI., 1988 

Cyprinus carpio   4 d   15 5     Roundup® Tooby et aI., 1980 

Cyprinus carpio    4 d   26 8     Roundup® Sun, 1987 

Gambusia affinis   2 d   15 5     Roundup® Sun, 1987 
Hybognathus placitus   4 d >648  >486 648 486 Glyphosate (tested as IPA salt) Beyers, 1995 

Ictalurus punctatus Adult 4 d   42 13     Roundup® Folmar et aI., 1979 

Ictalurus punctatus Fry 4 d   10.6 3.3     Roundup® Folmar et aI., 1979 

Ictalurus punctatus    4 d   39 12   23 7 Roundup®  EG & G Bionomics, 1980a 

Jenynsia multidentata   96h   19.02 5.8962     Roundup® Hued et al., 2012 

Lepomis macrochirus   4 d   16.1 5.0     Roundup® Folmar et aI., 1979 

Lepomis macrochirus   2 d   >24    24 Glyphosate (tested as acid) Bionomics, 1973 

Lepomis macrochirus   4 d   120   100 Glyphosate (tested as acid) ABC Inc., 1978c 

Lepomis macrochirus   4 d 140-220  105-165     Glyphosate (tested as IPA salt) Folmar et al., 1979 

Lepomis macrochirus   4 d >1000  >750 560 420 Glyphosate (tested as IPA salt) ABC Inc., 1981b 

Lepomis macrochirus    4 d   34 11   21 7 Roundup® EG & G Bionomics, 1980b 

Lepomis macrochirus    4 d   5.8 1.8   2.2 0.7 Roundup®  ABC Inc., 1982a 

letalurus punctatus    4 d 130 97.5     Glyphosate (tested as IPA salt) Folmar et al., 1979 

lordanella jloridae  Juvenile 4 d   >30      Glyphosate (tested as acid) Holdway and Dixon, 1988 
Oncorhynchus gorbuscha 
(hard water)   4 d   14 4     Roundup® Wan et al., 1989 
Oncorhynchus gorbuscha 
(soft water)   4 d   31 10     Roundup® Wan et al., 1989 
Oncorhynchus gorbuscha( 
hard water)   4 d   190     Glyphosate (tested as acid) Wan et al., 1989 
Oncorhynchus gorbuscha 
(soft water)   4 d   23     Glyphosate (tested as acid) Wan et al., 1989 
Oncorhynchus keta (hard 
water)   4 d   11 3.4     Roundup® Wan et aI., 1989 
Oncorhynchus keta (soft 
water)   4d   19 6     Roundup® Wan et aI., 1989 
Oncorhynchus keta (hard 
water)   4 d   148     Glyphosate (tested as acid) Wan et al., 1989 
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FISH 

Glyphosate 

Species Life stage Test 
duration  

LC50 NOEC  
Formulation Reference 

(mg a.i L-1) (mg RU L-1) (mg a.e L-1) (mg a.i L-1) (mg RU L-1) (mg a.e L-1) 
Oncorhynchus keta (soft 
water)   4 d   22     Glyphosate (tested as acid) Wan et al., 1989 

Oncorhynchus kisutch  Fry 4 d   42 13     Roundup® Servizi et al., 1987 

Oncorhynchus kisutch     4 d   22 7     Roundup® Mitchell et aI., 1987 
Oncorhynchus kisutch (hard 
water)   4 d   174     Glyphosate (tested as acid) Wan et al., 1989 
Oncorhynchus kisutch (soft 
water)   4 d   36     Glyphosate (tested as acid) Wan et al., 1989 
Oncorhynchus kisutch (hard 
water)   4 d   13 4.0     Roundup® Wan et al., 1989 
Oncorhynchus kisutch (soft 
water)   4 d   27 8.4     Roundup® Wan et al., 1989 

Oncorhynchus mykiss   4 d   8.2 2.5   6.4 
             

2.0  Roundup® ABC Inc., 1982c 

Oncorhynchus mykiss   4 d   22 7   8 
             

2.5  Roundup® EG & G Bionomics 1980g 

Oncorhynchus mykiss   4 d   27 8   6.75 
             

2.1  Roundup® Morgan et aI., 1991 

Oncorhynchus mykiss   4 d   27 8   21.4 6.6 Roundup® EG & G Bionomics,  1980c 

Oncorhynchus mykiss 
     

Fingerling  4 d   4.2-27   1.3-8.4     Roundup® Folmar et aI., 1979 

Oncorhynchus mykiss   4 d   52 16     Roundup® Hildebrand et aI., 1982 

Oncorhynchus mykiss   4 d   15 5     Roundup® Mitchell et al., 1987 

Oncorhynchus mykiss   4 d   33.6 10.4     Roundup® Morgan and Kiceniuk, 1992 

Oncorhynchus mykiss   4 d   86   42 Glyphosate (tested as acid) ABC Inc., 1978b 

Oncorhynchus mykiss   4 d >1000  >750 1000 750 Glyphosate (tested as IPA salt) ABC Inc., 1981c 

Oncorhynchus mykiss   4 d 140-240  105-180     Glyphosate (tested as IPA salt) Folmar et al., 1979 

Oncorhynchus mykiss   21 d       2.4 0.744 Roundup® ABC Inc., 1989d 

Oncorhynchus mykiss   21 d       52 Glyphosate ABC Inc. 1989a 
Oncorhynchus mykiss (hard 
water)   4 d   197     Glyphosate (tested as acid) Wan et al., 1989 
Oncorhynchus mykiss (soft 
water)   4 d   22     Glyphosate (tested as acid) Wan et al., 1989 
Oncorhynchus mykiss (hard 
water)   4 d   14 4     Roundup® Wan et al., 1989 
Oncorhynchus mykiss (soft 
water)   4 d   15 5     Roundup® Wan et al., 1989 

Oncorhynchus nerka    4 d   26.7 8.3     Roundup® Servizi et al., 1987 
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FISH 

Glyphosate 

Species Life stage Test 
duration  

LC50 NOEC  
Formulation Reference 

(mg a.i L-1) (mg RU L-1) (mg a.e L-1) (mg a.i L-1) (mg RU L-1) (mg a.e L-1) 

Oncorhynchus tshawytsha   4 d   20 6     Roundup® Mitchell et al., 1987 
Oncorhynchus tshawytsha 
(soft water)   4d   27 8     Roundup® Wan et aI., 1989 
Oncorhynchus tshawytsha 
(hard water)   4 d   17 5     Roundup® Wan et aI., 1989 
Oncorhynchus tshawytsha 
(hard water)   4 d   211     Glyphosate (tested as acid) Wan et al., 1989 
Oncorhynchus tshawytsha 
(soft water)   4 d   30     Glyphosate (tested as acid) Wan et al., 1989 

Pimephales promelas   4 d   23 7   13.6 4.2 Roundup® EG & G Bionomics, 198Od 

Pimephales promelas   4 d 97 72.75     Glyphosate (tested as IPA salt) Folmar et al., 1979 

Pimephales promelas   255 d       26 Glyphosate EG & G Bionomics, 1975 

Pimephales promelas    4 d   7.4 2.3     Roundup® Folmar et aI., 1979 

Pimephales promelas   4 d >648 >486 648 486 Glyphosate (tested as IPA salt) Beyers, 1995 

Prochilodus lineatus Juvenile 6 h   20.8 6.5     Roundup® Langiano and Martinez, 2008 

Prochilodus lineatus Juvenile 24 h   17.3 5.4     Roundup® Langiano and Martinez, 2008 

Prochilodus lineatus Juvenile 96 h   13.7 4.2     Roundup® Langiano and Martinez, 2008 

Rasbora heteromorpha   4 d   168   <100  Glyphosate (tested as acid) HRC, 1977 

Rhamdia quelen Fingerlings 96h   7.3     Roundup® Kreutz et al., 2008 

Tilapia sp.    4 d   7.4 2.3   1 0.31 Roundup® Liong et al., 1988 

AMPA 

Species Life stage Test Duration 
LC50 NOEC  

Formulation Reference 
(mg AMPA L-1) (mg AMPA L-1) 

Oncorhynchus mykiss   4 d 520 33 AMPA ABC Inc., 1991b 

 
LC50: median lethal concentration, NOEC: no observed effects concentration, RU: Roundup. Bold value indicates lower NOEC for fish.   
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Table S4: Toxicity of Glyphosate and AMPA to amphibians. 

 
AMPHIBIANS

  

Glyphosate 

Species Life stage Test duration 
LC50 NOEC  LOEC 

Formulation Reference (mg a.i L-1) (mg RU L-1) (mg a.e L-1) (mg a.i L-1) (mg RU L-1) (mg a.e L-1) (mg a.e L-1)
Ambystoma gracile   96 h   2.8     Roundup Original Max Relyea and Jones, 2009 
Ambystoma laterale    96 h   3.2     Roundup Original Max Relyea and Jones, 2009 
Ambystoma maculatum   96 h   2.8     Roundup Original Max Relyea and Jones, 2009 
American toads  Tadpole 16 d 2.52 1.89 Roundup® Relyea, 2005 
Bufo americanus Larvae  24 h 4.2 Roundup Original Howe et al., 2004 
Bufo americanus Larvae  96 h   <4     Roundup Original Howe et al., 2004 
Bufo americanus Embryo  24 h   >8     Roundup Original Howe et al., 2004 
Bufo americanus Embryo  96 h   8     Roundup Original Howe et al., 2004 
Bufo americanus Embryo 96 h (pH=6)   4.8     Vision (glyphosate-based 

herbicide containing a 15% 
(weight:weight) polyethoxylated 
tallow amine surfactant blend) 

Edginton et al., 2004 

Bufo americanus Embryo  96 h (pH=7.5)   6.4     Vision (glyphosate-based 
herbicide containing a 15% 
(weight:weight) polyethoxylated 
tallow amine surfactant blend) 

Edginton et al., 2004 

Bufo americanus Larvae 96 h (pH=6)   2.9     Vision (glyphosate-based 
herbicide containing a 15% 
(weight:weight) polyethoxylated 
tallow amine surfactant blend) 

Edginton et al., 2004 

Bufo americanus Larvae 96 h (pH=7.5)   1.7     Vision (glyphosate-based 
herbicide containing a 15% 
(weight:weight) polyethoxylated 
tallow amine surfactant blend) 

Edginton et al., 2004 

Bufo americanus  Larvae  96 h 
  1.6     

Roundup Original Max Relyea and Jones, 2009 
Bufo boreas Larvae  96 h   2     Roundup Original Max Relyea and Jones, 2009 
Bufo fowleri Larvae 96 h   4.21   3.4  Roundup® Moore et al., 2012 
Bufo fowleri  Larvae  96 h 4.21 3.4 3.95 Roundup Original Fuentes et al., 2011 
Bufo fowleri  Larvae  96 h 1.96 1.54 1.56 Roundup WeatherMAX Fuentes et al., 2011 
Crinia insignifera Tadpole 2 d 10 3 Roundup® Mann and Bidwell, 1999 

Crinia insignifera 
Newly 
emerged 2 d 

 144 45     
Roundup® Mann and Bidwell, 1999 

Crinia insignifera Adult 2 d  137 42     Roundup® Mann and Bidwell, 1999 
Crinia insignifera Tadpole 2 d  <54.9 <17     Roundup® Bidwell and Gorrie, 1995 
Crinia insignifera Adult  4 d  96.8 30.0  54 16.74  Roundup® Bidwell and Gorrie, 1995 

Crinia insignifera 
Newly 
emerged  2 d 

  83.6     
Glyphosate (tested as acid) Mann and Bidwell, 1999 

Crinia insignifera Adult 4 d   78   45  Glyphosate (tested as acid)  Bidwell and Gorrie, 1995 
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AMPHIBIANS 
 

Glyphosate

Species Life stage Test duration 
LC50 NOEC LOEC 

Formulation Reference (mg a.i L-1) (mg RU L-1) (mg a.e L-1) (mg a.i L-1) (mg RU L-1) (mg a.e L-1) (mg a.e L-1)

Crinia insignifera Tadpole 2 d >466 >350 Glyphosate (tested as IPA salt) Mann and Bidwell, 1999 
Heleioporus eyrei Tadpole 2 d 17.5 5.4 Roundup® Mann and Bidwell, 1999 
Heleioporus eyrei tadpole  2 d >373  >279     Glyphosate (tested as IPA salt) Mann and Bidwell, 1999 
Hyla chrysoscelis  Larvae 96 h   2.5   1.74  Roundup® Moore et al., 2012 
Hyla chrysoscelis  Larvae  96h   3.26   2.48 2.87 Roundup WeatherMAX Fuentes et al., 2011 
Hyla chrysoscelis   Larvae  96h 2.5 1.74 2.1 Roundup Original Fuentes et al., 2011 
Hyla versicolor  Larvae  96 h 1.7 Roundup Original Max Relyea and Jones, 2009 
Hyla versicolor  Tadpole 16 d 1.35 1.01 Roundup® Relyea, 2005 
Leopard frogs  Tadpole 16 d 2.46  1.85     Roundup® Relyea, 2005 
Limnodynastes dorsalis Tadpole 2 d  8.3 2.60     Roundup® Mann and Bidwell, 1999 
Limnodynastes dorsalis Tadpole  2 d >400  >300     Glyphosate (tested as IPA salt) Mann and Bidwell, 1999 
Litoria moorei Tadpole 2 d 8.1 2.5 Roundup® Mann and Bidwell, 1999 
Litoria moorei Tadpole 2 d 32.2 10.0 Roundup® Mann and Bidwell, 1999 
Litoria moorei Tadpole 4 d 18.7 5.8 5.5 1.705 Roundup® Bidwell and Gorrie, 1995 
Litoria moorei Adult  4 d  >165 >51  165 51  Roundup® Bidwell and Gorrie, 1995 
Litoria moorei Tadpole  2 d   121     Glyphosate (tested as acid) Mann and Bidwell, 1999 
Litoria moorei Tadpole 2 d   81.2     Glyphosate (tested as acid) Mann and Bidwell, 1999 
Litoria moorei Tadpole  4 d   111     Glyphosate (tested as acid)  Bidwell and Gorrie, 1995 
Litoria moorei Adult 4 d >180 180 Glyphosate (tested as acid)  Bidwell and Gorrie, 1995 
Litoria moorei Tadpole 2 d >343 >257 Glyphosate (tested as IPA salt) Mann and Bidwell, 1999 
Notophthalmus viridescens   96 h 2.7 Roundup Original Max Relyea and Jones, 2009 
Pseudacris crucifer Larvae  96 h   0.8     Roundup Original Max Relyea and Jones, 2009 
Rana cascadae Larvae  96 h   1.7     Roundup Original Max Relyea and Jones, 2009 
Rana catesbeiana Larvae 96 h   2.77   2.02  Roundup® Moore et al., 2012 
Rana catesbeiana  Larvae 96 h 0.8 Roundup Original Max Relyea and Jones, 2009 
Rana catesbeiana  Larvae 96 h 2.77 2.02 2.52 Roundup Original Fuentes et al., 2011 
Rana catesbeiana  Larvae  96h 1.97 1.33 1.37 Roundup WeatherMAX Fuentes et al., 2011 
Rana clamitans Larvae 24 h   2     Roundup Original Howe et al., 2004 
Rana clamitans Larvae 96 h   2     Roundup Original Howe et al., 2004 
Rana clamitans Embryo  24 h   >8     Roundup Original Howe et al., 2004 
Rana clamitans Embryo 96 h   7.1     Roundup Original Howe et al., 2004 
Rana clamitans Larvae 24 h >17.9 Roundup Biactive Howe et al., 2004 
Rana clamitans Larvae 96 h >17.9 Roundup Biactive Howe et al., 2004 
Rana clamitans Larvae 24 h >17.9 Touchdown Howe et al., 2004 
Rana clamitans Larvae 96 h   >17.9     Touchdown Howe et al., 2004 
Rana clamitans Larvae 24 h   >17.9     Glyfos BIO Howe et al., 2004 
Rana clamitans Larvae 96 h   >17.9     Glyfos BIO Howe et al., 2004 
Rana clamitans Larvae 24 h 9 Glyfos AU Howe et al., 2004 
Rana clamitans Larvae 96 h 8.9 Glyfos AU Howe et al., 2004 
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AMPHIBIANS 
 

Glyphosate

Species Life stage Test duration
LC50 NOEC LOEC 

Formulation Reference (mg a.i L-1) (mg RU L-1) (mg a.e L-1) (mg a.i L-1) (mg RU L-1) (mg a.e L-1) (mg a.e L-1)

Rana clamitans Larvae 24 h 2.3 Roundup Transorb Howe et al., 2004 
Rana clamitans Larvae 96 h 2.2 Roundup Transorb Howe et al., 2004 
Rana clamitans Embryo  96 h (pH=6)   5.3     Vision (glyphosate-based 

herbicide containing a 15% 
(weight:weight) polyethoxylated 
tallow amine surfactant blend) 

Edginton et al., 2004 

Rana clamitans Embryo  96 h (pH=7.5)   4.1     Vision (glyphosate-based 
herbicide containing a 15% 
(weight:weight) polyethoxylated 
tallow amine surfactant blend) 

Edginton et al., 2004 

Rana clamitans Larvae 96 h (pH=6) 3.5 Vision (glyphosate-based 
herbicide containing a 15% 
(weight:weight) polyethoxylated 
tallow amine surfactant blend) 

Edginton et al., 2004 

Rana clamitans Larvae 96 h (pH=7.5) 1.4 Vision (glyphosate-based 
herbicide containing a 15% 
(weight:weight) polyethoxylated 
tallow amine surfactant blend) 

Edginton et al., 2004 

Rana clamitans Larvae  96h 4.22 3.27 3.68 Roundup Original Fuentes et al., 2011 
Rana clamitans Larvae 24 h >17.9 Glyphosate Technical Howe et al., 2004 
Rana clamitans Larvae 96 h   >17.9     Glyphosate Technical Howe et al., 2004 
Rana clamitans  Tadpole 16 d 2.17  1.6275     Roundup® Relyea, 2005 
Rana clamitans  Larvae  96 h   1.4     Roundup Original Max Relyea and Jones, 2009 
Rana clamitans Larvae 96 h 4.34 Vision (glyphosate, 356 mg acid 

equivalents (a.e.)/L) Wojtaszek et al., 2004 
Rana clamitans  Larvae 96 h   2.7     Vision (glyphosate, 356 mg acid 

equivalents (a.e.)/L) 
Wojtaszek et al., 2004 

Rana clamitans  Larvae  96 h   2.77   1.91 2.37 Roundup WeatherMAX Fuentes et al., 2011 
Rana clamitans   Larvae 96 h 4.22 3.27 Roundup® Moore et al., 2012 
Rana pipiens Larvae  24 h 3.7 Roundup Original Howe et al., 2004 
Rana pipiens Larvae  96 h 2.9 Roundup Original Howe et al., 2004 
Rana pipiens Embryo  24 h   >8     Roundup Original Howe et al., 2004 
Rana pipiens Embryo  96 h   6.5     Roundup Original Howe et al., 2004 
Rana pipiens Embryo  96 h (pH=6)   15.1     Vision (glyphosate-based 

herbicide containing a 15% 
(weight:weight) polyethoxylated 
tallow amine surfactant blend) 

Edginton et al., 2004 

Rana pipiens Embryo  96 h (pH=7.5)   7.5     Vision (glyphosate-based 
herbicide containing a 15% 
(weight:weight) polyethoxylated 
tallow amine surfactant blend) 

Edginton et al., 2004 
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AMPHIBIANS 
 

Glyphosate

Species Life stage Test duration
LC50 NOEC LOEC 

Formulation Reference (mg a.i L-1) (mg RU L-1) (mg a.e L-1) (mg a.i L-1) (mg RU L-1) (mg a.e L-1) (mg a.e L-1)

Rana pipiens Larvae 96 h (pH=6) 1.8 Vision (glyphosate-based 
herbicide containing a 15% 
(weight:weight) polyethoxylated 
tallow amine surfactant blend) 

Edginton et al., 2004 

Rana pipiens Larvae 96 h (pH=7.5) 1.1 Vision (glyphosate-based 
herbicide containing a 15% 
(weight:weight) polyethoxylated 
tallow amine surfactant blend) 

Edginton et al., 2004 

Rana pipiens Larvae 96 h 11.47 Vision (glyphosate, 356 mg acid 
equivalents (a.e.)/L) 

Wojtaszek et al., 2004 

Rana pipiens Larvae 96 h 4.25 Vision (glyphosate, 356 mg acid 
equivalents (a.e.)/L) 

Wojtaszek et al., 2004 

Rana pipiens Larvae 96 h 1.8 1.29 1.32 Roundup Original Fuentes et al., 2011 
Rana pipiens  Larvae  96 h 1.5 Roundup Original Max Relyea and Jones, 2009 
Rana pipiens  Larvae 96 h 1.8 1.29 Roundup® Moore et al., 2012 
Rana pipiens  Larvae  96 h   2.27   1.65 1.68 Roundup WeatherMAX Fuentes et al., 2011 
Rana sphenocephala  Larvae 96 h   1.33   0.68 0.98 Roundup WeatherMAX Fuentes et al., 2011 
Rana sphenocephala   Larvae  96 h   2.05   1.52 1.81 Roundup Original Fuentes et al., 2011 
Rana sylvatica Larvae  24 h   5.6     Roundup Original Howe et al., 2004 
Rana sylvatica Larvae  96 h 5.1 Roundup Original Howe et al., 2004 
Rana sylvatica Embryo 24 h >8 Roundup Original Howe et al., 2004 
Rana sylvatica Embryo  96 h >8 Roundup Original Howe et al., 2004 
Rana sylvatica Larvae  96 h   1.9     Roundup Original Max Relyea and Jones, 2009 
Rhinella arenarum Tadpole 6 h   5.62     Roundup Ultra-Max Lajmanovich et al., 2011 
Rhinella arenarum Tadpole 12 h   3.26     Roundup Ultra-Max Lajmanovich et al., 2011 
Rhinella arenarum Tadpole 24 h 2.42 Roundup Ultra-Max Lajmanovich et al., 2011 
Rhinella arenarum Tadpole 48 h 2.42 Roundup Ultra-Max Lajmanovich et al., 2011 
Rhinella arenarum Tadpole 6 h 49.65  Infosato Lajmanovich et al., 2011 
Rhinella arenarum Tadpole 12 h   47.25      Infosato Lajmanovich et al., 2011 
Rhinella arenarum Tadpole 24 h   38.76      Infosato Lajmanovich et al., 2011 
Rhinella arenarum Tadpole 48 h   38.76      Infosato Lajmanovich et al., 2011 
Rhinella arenarum Tadpole 6 h   96.87      Glifoglex Lajmanovich et al., 2011 
Rhinella arenarum Tadpole 12 h 77.52  Glifoglex Lajmanovich et al., 2011 
Rhinella arenarum Tadpole 24 h 73.77  Glifoglex Lajmanovich et al., 2011 
Rhinella arenarum Tadpole 48 h 73.77  Glifoglex Lajmanovich et al., 2011 
Rhinella arenarum Tadpole 6 h   104.33     C-K YUYOS FAV Lajmanovich et al., 2011 
Rhinella arenarum Tadpole 12 h   84.06     C-K YUYOS FAV Lajmanovich et al., 2011 
Rhinella arenarum Tadpole 24 h   77.52     C-K YUYOS FAV Lajmanovich et al., 2011 
Rhinella arenarum Tadpole 48 h 77.52 C-K YUYOS FAV Lajmanovich et al., 2011 
Scinax nasicus Tadpole 24 h 1.692 GLYFOS (48% glypkosate as 

isopropylamine salt) 
Lajmanovich et al., 2003 
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AMPHIBIANS 
 

Glyphosate

Species Life stage Test duration
LC50 NOEC LOEC 

Formulation Reference (mg a.i L-1) (mg RU L-1) (mg a.e L-1) (mg a.i L-1) (mg RU L-1) (mg a.e L-1) (mg a.e L-1)

Scinax nasicus Tadpole 48 h 1.3032 GLYFOS (48% glypkosate as 
isopropylamine salt) 

Lajmanovich et al., 2003 

Scinax nasicus Tadpole 72 h 
1.1628 GLYFOS (48% glypkosate as 

isopropylamine salt) Lajmanovich et al., 2003 

Scinax nasicus Tadpole 96 h 
0.95 GLYFOS (48% glypkosate as 

isopropylamine salt) Lajmanovich et al., 2003 
Spea bombifrons Larvae 48 h 2.03 RoundupWeatherMAX Dinehart et al., 2010  
Spea bombifrons Larvae 216 h 1.99 RoundupWeatherMAX Dinehart et al., 2010  
Spea bombifrons Larvae 48 h 1.85 RoundupWeatherMAX Dinehart et al., 2010  
Spea bombifrons Larvae 216 h   1.65     RoundupWeatherMAX Dinehart et al., 2010  
Spea multiplicata Larvae 48 h   2.3     RoundupWeatherMAX Dinehart et al., 2010  
Spea multiplicata Larvae 216 h   1.93     RoundupWeatherMAX Dinehart et al., 2010  
Spea multiplicata Larvae 48 h 2.11 RoundupWeatherMAX Dinehart et al., 2010  
Spea multiplicata Larvae 216 h 2.11 RoundupWeatherMAX Dinehart et al., 2010  
Xenopus laevis Embryo  4 d 72 22.3 Roundup® Perkins, 1997 

Xenopus laevis  Embryo  96 h (pH=6) 

  15.6     Vision (glyphosate-based 
herbicide containing a 15% 
(weight:weight) polyethoxylated 
tallow amine surfactant blend) Edginton et al., 2004 

Xenopus laevis  Embryo  96 h (pH=7.5)

  7.9     Vision (glyphosate-based 
herbicide containing a 15% 
(weight:weight) polyethoxylated 
tallow amine surfactant blend) Edginton et al., 2004 

Xenopus laevis  Larvae 96 h (pH=6) 

2.1 Vision (glyphosate-based 
herbicide containing a 15% 
(weight:weight) polyethoxylated 
tallow amine surfactant blend) Edginton et al., 2004 

Xenopus laevis  Larvae 96 h (pH=7.5)

0.88 Vision (glyphosate-based 
herbicide containing a 15% 
(weight:weight) polyethoxylated 
tallow amine surfactant blend) Edginton et al., 2004 

AMPA 

No data available 

 

IC50: median inhibitory concentration, EC50: median effective concentration, NOEC: no observed effects concentration, LOEC: lowest observed effect 
concentration, observed effects concentration, RU: Roundup. Bold value indicates lower NOEC for amphibians.   
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Table S5: Toxicity of Glyphosate and AMPA to aquatic macrophytes. 

AQUATIC MACROPHYTES 

Glyphosate 

Species Test Duration 
IC50 / EC50  NOEC  

Formulation Reference 
(mg RU L-1) (mg a.e L-1) (mg RU L-1) (mg a.e L-1) 

Lemna gibba 7 d 15,1 4,7     Roundup® Perkins, 1997 

Lemna gibba 7 d   10     Glyphosate Perkins, 1997 

Lemna gibba 14 d   25,5   16,6 Glyphosate Malcolm Pirnie, 1987d 

Lemna minor 14 d 4,9 1,5     Roundup® Hartman and Martin, 1984 

Lemna minor 14 d     56 17,4 Roundup® Lockhart et al., 1989 

Myriophyllum sibirieum 14 d 3,9 1,2     Roundup® Perkins, 1997 

Myriophyllum sibirieum 14 d   1,6     Glyphosate Perkins, 1997 

Potamogeton pectinatus 14 d     24 7,4 Roundup® Hartman and Martin, 1985 

AMPA 

No data available 

 
LC50: median lethal concentration, EC50: median effective concentration, NOEC: no observed effects concentration, RU: Roundup. Bold value indicates lower 
NOEC for aquatic macrophytes.   
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Table S6: Toxicity of Glyphosate to benthic organisms. 

BENTHIC ORGANISMS 

Glyphosate 

Species Test duration 
EC50/LC50 NOEC 

Formulation Reference 

(mg a.i L-1)
(mg RU L-

1) (mg a.e L-1) (mg a.i L-1) (mg RU L-1) (mg a.e L-1) 

Chironomus plumosus 2 d   58,1 18,0       Roundup® Folmar et al., 1979 

Chironomus plumosus 2 d 55 41     Glyphosate (tested as IPA salt) Folmar et al., 1979 

Chironomus riparius 2 d 5600 4200     Glyphosate (tested as IPA salt) Buhl and Faerber, 1989 

Chrionomus tentansd 10 d >530  398 265 199 Glyphosate (tested as IPA salt) Beyers, 1993 

Tubifex tubifex 28 d         >89  > 28 Roundup® Perkins, 1997 

 

LC50: median lethal concentration, EC50: median effective concentration, NOEC: no observed effects concentration, RU: Roundup. Bold value indicates lower 
NOEC for aquatic benthic organisms.  
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