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Figure S1. Forest plots showing effects on chironomid emergence in Bti treated areas compared to untreated areas. Summary max negative effect and summary overall effect is
significant (p<0.05). Duchet (2015) and Liber (1998) reported data for multiple species in the same study (see Table S2). In those cases, we used only one of the species to avoid
statistical dependence, and to obtain a conservative estimate of negative effects we selected the species showing the least negative effect (results do not change significantly if

other species are used).

Table S1. Estimated summary effects (weighted averages across n studies), their 95% confidence intervals and p-values for chironomid emergence. Changes in
chironomid emergence in Bti-treated areas are calculated from back-transformed effect sizes and 95% confidence intervals. The I>-statistic reflects the

heterogeneity of study results beyond random sampling error. Fail-safe number according to Rosenberg (2005).

Group Summary effect Estimate [95% Cl] p-value n Change (%) 12 (%) Fail-safe N
chironomid Max negative -1.79 [-3.08, -0.501] 0.0126 9 -83 [-95 - -39] 88 220
chironomid End of study -0.554 [-1.43, 0.318] 0.185 10 -43 [-76 —37] 79 --
chironomid Overall -0.634 [-1.13, -0.142] 0.0158 13 -47 [-68 — -13] 82 155
chironomid Max positive 0.882 [-40.2, 41.9] 0.962 9 140 [-100 - 1.6e+20] 71 -
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Table S2. Studies included in meta-analyses of Chironomid emergence. Bti dose is given in 10° ITU/ha. Number of Bti applications per year or study is denoted nr,
number of years with reported measurements is denoted ny, and number of reported timepoints after first application is denoted ny,.

Short ref Type of habitat Country/State | Taxa Response variable Bti n; | Type of study Exp. ny | nyp | Type of Risk of bias
dose design datapoints
Allgeier (2019) Constructed/Artificial Germany Chironomidae emergence 2,88 1 | Field mesocosm BACI 1| 5| discrete Probably low
Allgeier (2019) Temporary flooded wetland Germany Chironomidae emergence 1,44 2 | Experimental field study Cl 1| 16 | discrete Probably low
Allgeier (2019) Temporary flooded wetland Germany Chironomidae emergence 1,2 1 | Control programme field study Cl 1| 6| discrete Probably high
Allgeier (2019) Temporary flooded wetland Germany Chironomidae emergence 2,88 1 | Control programme field study BACI 1| 14 | discrete Probably high
Allgeier (2019b) Constructed/Artificial Germany Chironomidae emergence 2,88 1 | Field mesocosm Cl 1 1| integrated Probably low
Allgeier (2019b) Constructed/Artificial Germany Chironomidae emergence 2,88 1 | Field mesocosm Cl 1 1| integrated Probably low
Allgeier (2019b) Constructed/Atrtificial Germany Chironomidae emergence 2,88 1 | Field mesocosm Cl 1 1 | integrated Probably low
Allgeier (2019b) Constructed/Artificial Germany Chironomidae emergence 2,88 2 | Field mesocosm Cl 1| 6| discrete Probably low
Duchet (2015) Temporary flooded wetland France Polypedilum nubifer cumulative emergence 3 1 | Experimental field study Cl 1| 9| discrete Moderate
Duchet (2015) Temporary flooded wetland France Tanytarsus curticornis | cumulative emergence 3 1 | Experimental field study Cl 1| 9| discrete Moderate
Liber (1998) Permanent wetland Minnesota, USA | Chironominae emergence 9 2 | Experimental field study BACI 1 4 | discrete Low
Liber (1998) Permanent wetland Minnesota, USA | Orthocladiinae emergence 9 2 | Experimental field study BACI 1 4 | discrete Low
Liber (1998) Permanent wetland Minnesota, USA | Tanypodinae emergence 9 2 | Experimental field study BACI 1| 4| discrete Low
Lundstrom (2010b) | Temporary flooded wetland Sweden Chironomidae emergence 3| 0-2 | Experimental field study Cl 6| 6 |integrated Probably high
Pont (1999) Temporary oligohaline pool France Chironomidae emergence 4,8 1 | Experimental field study Cl 1 6 | discrete Probably low
Theissinger (2018) Temporary flooded wetland Germany Chironomidae emergence 1,44 | 1-2 | Control programme field study Cl 1| 11| discrete Unclear
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Figure S2. Forest plots showing effects on chironomid abundance in Bti treated areas compared to untreated areas. Summary max negative effect and summary overall effect is

significant (p<0.05). Bordalo (2021) and Liber (1998) reported data for multiple species in the same study (see Table S4). In those cases, we used only one of the species to avoid
statistical dependence, and to obtain a conservative estimate of negative effects we selected the species showing the least negative effect (results do not change significantly if

other species are used).

Table S3. Estimated summary effects (weighted averages across n studies), their 95% confidence intervals and p-values for chironomid abundance. Changes in
chironomid abundance in Bti-treated areas are calculated from back-transformed effect sizes and 95% confidence intervals. The 12-statistic reflects the
heterogeneity of study results beyond random sampling error. Fail-safe number according to Rosenberg (2005).

Group Summary effect Estimate [95% Cl] p-value n Change (%) 12 (%) Fail-safe N
chironomid Max negative -0.721 [-1.3,-0.145] 0.0184 13 -51 [-73 —-13] 90 174
chironomid End of study -0.876 [-1.93, 0.178] 0.0857 6 -58 [-85—19] 76 --
chironomid Overall -0.820 [-1.27, -0.369] 0.0016 15 -56 [-72 —-31] 85 58
chironomid Max positive -0.260 [-0.564, 0.0438] 0.0869 13 -23 [-43 - 4.5] 72 -
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Table S4. Studies included in meta-analyses of Chironomid abundance. Bti dose is given in 10° ITU/ha. Number of Bti applications per year or study is denoted nr,

number of years with reported measurements is denoted ny, and number of reported timepoints after first application is denoted n.

Short ref Type of habitat Country/State | Taxa Response variable Bti nr | Type of study Exp. ny | ng | Type of Risk of bias
dose design datapoints

Allgeier (2019) Constructed/Artificial Germany Chironomidae density 2,88 1 | Field mesocosm BACI 1 5 | discrete Probably low
Allgeier (2019b) Constructed/Artificial Germany Chironomidae density 2,88 2 | Field mesocosm BACI 1 6 | discrete Probably low
Bordalo (2021) River Portugal Chironomus density 0 1 | Lab mesocosm Cl 1 1 | discrete Probably low
Bordalo (2021) River Portugal other Chironomidae | density 0 1 | Lab mesocosm Cl 1 1 | discrete Probably low
Charbonneau (1994) Permanent wetland Wisconsin, USA | Chironomidae density 1,12 3 | Field mesocosm BACI 1 4 | discrete Probably low
Charbonneau (1994) Permanent wetland Wisconsin, USA Chironomidae density 1,12 1 | Field mesocosm BACI 1 1 | discrete Probably low
Charbonneau (1994) Permanent wetland Wisconsin, USA Chironomidae density 1,12 1 | Field mesocosm Cl 1 1 | discrete Probably low
Charbonneau (1994) Permanent wetland Wisconsin, USA Chironomidae density 1,12 1 | Field mesocosm Cl 1 1 | discrete Probably low
Dickman (2000) River Hongkong Chironomidae density 0,144 1 | Experimental field study Cl 1 1 | discrete Probably high
Dickman (2000) River Hongkong Chironomidae density 0,144 52 | Experimental field study Cl 1 1 | discrete Probably high
Hershey (1995) Pond Minnesota, USA | Chironomidae density 1,57 6 | Experimental field study Cl 1 1 | integrated Probably low
Hershey (1998) Permanent wetland Minnesota, USA | Chironomidae density 2,344 6 | Control programme field study | BACI 5 3 | integrated Low

Jakob (2016) Permanent wetland France Chironomidae number of individuals 3 | 30-50 | Experimental field study Cl 5 3 | discrete Probably high
Laskowski (1999) Permanent wetland Ohio, USA Chironomidae number of live larvae 3 1 | Field mesocosm Cl 1 1 | discrete Probably low
Liber (1998) Permanent wetland Minnesota, USA | Dicrotendipes density 18 2 | Experimental field study BACI 1 2 | discrete Low

Liber (1998) Permanent wetland Minnesota, USA | Einfeldia density 18 2 | Experimental field study BACI 1 2 | discrete Low

Liber (1998) Permanent wetland Minnesota, USA | Endochironomus density 18 2 | Experimental field study BACI 1 2 | discrete Low

Liber (1998) Permanent wetland Minnesota, USA | Cladotanytarsus density 18 2 | Experimental field study BACI 1 2 | discrete Low

Liber (1998) Permanent wetland Minnesota, USA | Paratanytarsus density 18 2 | Experimental field study BACI 1 2 | discrete Low

Liber (1998) Permanent wetland Minnesota, USA | Tanytarsus density 18 2 | Experimental field study BACI 1 2 | discrete Low

Liber (1998) Permanent wetland Minnesota, USA | Chironominae density 18 2 | Experimental field study BACI 1 3 | discrete Low

Liber (1998) Permanent wetland Minnesota, USA | Orthocladiinae density 18 2 | Experimental field study BACI 1 3 | discrete Low

Liber (1998) Permanent wetland Minnesota, USA | Tanypodinae density 18 2 | Experimental field study BACI 1 3 | discrete Low

Pont (1999) Temporary oligohaline pool | France Chironomidae density 2,4 1 | Experimental field study Cl 1 4 | discrete Moderate
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crustacea, max negative effect

Estimate [95% CI]
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Russell (2009), Garden Islands —— -1.51[-3.80, 0.78]
Su (2005), Field 10 Ib/ac —e -0.53 [-1.74, 0.69]
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Summary effect - -0.59 [-1.09, -0.10]
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Chansang (2004), Copepod study - -0.75[-1.36, -0.15]
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Kroeger (2013), Bi —=— 197[-0.02, 3.95]
Lagadic (2014), Locoal-Mendon HH -0.08 [-0.46, 0.30]
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Duchet (2010), 2,5 I/ha . -0.73 [-1.47, 0.02]
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Russell (2009), Garden Islands b -0.68 [-1.62, 0.25]
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Summary effect - 0.20[-0.24, 0.64]
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Figure S3. Forest plots showing effects on crustacea abundance in Bti treated areas compared to untreated areas. Summary max negative effect is significant (p<0.05). In cases
where multiple taxa groups were reported in the same study, we used only one of the groups to avoid statistical dependence, and to obtain a conservative estimate of negative

effects we selected the group showing the least negative effect.

Table S5. Estimated summary effects (weighted averages across n studies), their 95% confidence intervals and p-values for crustacea abundance. Changes in
crustacea abundance in Bti-treated areas are calculated from back-transformed effect sizes and 95% confidence intervals. The I?-statistic reflects the heterogeneity
of study results beyond random sampling error. Fail-safe number according to Rosenberg (2005).

Group Summary effect Estimate [95% Cl] p-value n Change (%) 12 (%) Fail-safe N
crustacea Max negative -0.591 [-1.09, -0.0965] 0.022 18 -45 [-66 —-9.2] 3 52
crustacea End -0.254 [-0.915, 0.407] 0.416 12 -22 [-60 - 50] 19 --
crustacea Overall 0.196 [-0.245, 0.636] 0.363 19 22 [-22 —89] 69 -
crustacea Max positive 0.229 [-0.331, 0.789] 0.401 18 26 [-28 — 120] 71 -
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Table S6. Studies included in meta-analyses of Crustacea abundance. Bti dose is given in 10° ITU/ha. Number of Bti applications per year or study is denoted nr,
number of years with reported measurements is denoted ny, and number of reported timepoints after first application is denoted ny.

Short ref Type of habitat Country/State | Taxa Response variable Bti ny | Type of study Exp. ny | ng | Type of Risk of bias
dose design datapoints
Bordalo (2021) River Portugal Asellus density 0 1 | Lab mesocosm Cl 1 1| discrete Probably low
Chansang (2004) Other Thailand Mesocyclops number of 0 1 | Lab mesocosm cl 1 16 | discrete Probably low
thermocyclopoides | individuals
Charbonneau (1994) | Permanent wetland Wisconsin, USA Hyalella azteca density 1,12 3 | Field mesocosm BACI 1 4 | discrete Probably low
Charbonneau (1994) | Permanent wetland Wisconsin, USA Amphipoda density 1,12 1 | Field mesocosm BACI 1 1 | discrete Probably low
Charbonneau (1994) | Permanent wetland Wisconsin, USA Amphipoda density 1,12 1 | Field mesocosm cl 1 1| discrete Probably low
Charbonneau (1994) | Permanent wetland Wisconsin, USA Gammarus spp density 1,12 1 | Field mesocosm Cl 1 1| discrete Probably low
Davis (2008) Pond Montana, USA Amphipoda density unclear 1 | Experimental field study cl 2 2 | discrete Probably high
Dickman (2000) River Hongkong Decapoda density 0,144 1 | Experimental field study cl 1 1| discrete Probably high
Dickman (2000) River Hongkong Decapoda density 0,144 52 | Experimental field study Cl 1 1| discrete Probably high
Duchet (2008) Temporary oligohaline France Daphnia pulex density 1,5 1 | Field mesocosm BACI 1 5 | discrete Probably low
pool
Duchet (2008) Temporary oligohaline France Cladocera density 1,5 1 | Field mesocosm Cl 1 1 | integrated Probably low
pool
Duchet (2010) Temporary oligohaline France Daphnia magna density 3 1 | Field mesocosm BACI 1 5 | discrete Moderate
pool
Knepper (1989) Other Michigan, USA Asellus forbesi density 1,12 1 | Experimental field study BACI 1 3 | discrete Probably high
Kroeger (2013) Pond Germany cladocera density 1,8 1 | Experimental field study BACI 1 16 | discrete Probably low
Kroeger (2013) Pond Germany ostracoda density 1,8 1 | Experimental field study BACI 1 16 | discrete Probably low
Kroeger (2013) Pond Germany cyclopoida density 1,8 1 | Experimental field study BACI 1 16 | discrete Probably low
Lagadic (2014) Permanent wetland France Crustaceans density 0,85 | 4-10 | Control programme field cl 7| 35| discrete Probably high
study
Russell (2009) Temporary flooded Australia Copepods number of 1,44 1 | Experimental field study cl 1 2 | discrete High
wetland individuals
Russell (2009) Temporary flooded Australia Copepods number of 1,44 1 | Experimental field study cl 1 2 | discrete High
wetland individuals
Su (2005) Pond California, USA Triops newberryi density 2,22 1 | Field mesocosm BACI 1 3 | discrete Unclear
Tietze (1994) Other Florida, USA mesocyclops density 0 2 | Field mesocosm BACI 1 21 | discrete Probably low
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Figure S4. Forest plots showing effects on mollusca abundance in Bti treated areas compared to untreated areas. No summary effect is significant (p>0.05).
Dickman (2000) conducted two independent studies.

Table S7. Estimated summary effects (weighted averages across n studies), their 95% confidence intervals and p-
values for Mollusca abundance. Changes in Mollusca abundance in Bti-treated areas are calculated from back-
transformed effect sizes and 95% confidence intervals.

Group Summary effect Estimate [95% Cl] p-value n | Change (%)
mollusca Max negative -0.498 [-1.74, 0.744] 0.328 5 |-39[-82-110]
mollusca End 0.554 [-3.31, 4.42] 0.6 3 |74 [-96 -8200]
mollusca Overall -0.846 [-1.76, 0.0681] 0.0648 8 |-57[-83-7]
mollusca Max positive -0.275 [-1.53, 0.977] 0.574 5 |-24[-78-170]
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Table S8. Studies included in meta-analyses of Mollusca abundance. Bti dose is given in 10° ITU/ha. Number of Bti applications per year or study is denoted nr,

number of years with reported measurements is denoted ny, and number of reported timepoints after first application is denoted ny,.

Short ref Type of habitat Country/State | Taxa Response Bti nr | Type of study Exp. ny| ny | Type of Risk of bias
variable dose desig datapoints
n
Bordalo (2021) River Portugal Ancylus density 1 | Lab mesocosm Cl 1 1| discrete Probably low
Bordalo (2021) River Portugal Pisidium density 1 | Lab mesocosm Cl 1 1| discrete Probably low
Dickman (2000) River Hongkong Gastropoda density 0,144 1 | Experimental field study Cl 1 1| discrete Probably high
Dickman (2000) River Hongkong Gastropoda density 0,144 52 | Experimental field study Cl 1 1| discrete Probably high
Hershey (1998) Permanent wetland Minnesota, USA | Total Gastropoda density 2,344 6 | Control programme field study | BACI 5 3 | integrated Low
Hershey (1998) Permanent wetland Minnesota, USA | Total Bivalvia density 2,344 6 | Control programme field study | BACI 5 3 | integrated Low
Lagadic (2014) Permanent wetland France Moluscs density 0,85 4-10 | Control programme field study | Cl 7 36 | discrete Probably high
Poulin (2018) Permanent wetland France Gastropoda number of 3 30-50 | Control programme field study | Cl 9 1 | integrated Moderate
individuals




Diversity, taxa richness
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taxa richness, max negative effect Estimate [95% Cl] taxa richness, end effect Estimate [95% CI] taxa richness, overall effect Estimate [95% Cl]
Caquet (2011), Invertebrates - -0.29[-0.48, -0.11]
Caquet (2011), Invertebrates p—a -0.12[-0.34, 0.09] Caquet (2011), Invertebrates rm -0.26 [-0.46, -0.07]
Caquet (2011), Invertebrates ) -0.82[-1.04, -0.60] Duchet (2018), Passive disperser —— 0.27 [-0.76, 1.30]
Caquet (2011), Invertebrates L] -0.04[-0.16, 0.09] Hershey (1995), Invertebrates (benthic) —— 0.13[-0.47, 0.73]
Caquet (2011), Invertebrates —— -0.74 [-1.11, -0.37] : Hershey (1998). Total insect - ~0.66[-1.07, -0.24
Duchet (2018), Passive disperser b e 0.96[-0.23, 2.16] Ersheyi(1998), fotalinsects [1.07, !
E Jakob (2016), Odonata HH G -0.73[-0.96, -0.49]
Duchet (2018), Active disperser —— -0.48[-1.11, 0.16] Hershey (1998), Total insecta —— -1.13[-1.84, -0.43] Lagadic (2014), Invertebrates (aquatic) ——s—— -003[-163, 157]
Lundstrém (2010), Chironomidae - 0.13[-0.03, 0.28]
Summary effect Invertebrates - -0.67 [-1.27, -0.07] Jakob (2016), Odonata i -0.64 [-1.11, -0.18] Theissinger (2019), Chironomidae - i -0.97 [-1.38, -0.57]
Lagadic (2014), Invertebrates (aquatic) n -0.07 [-0.11, -0.02] Theissinger (2019), Chironomidae i -0.03[-0.45, 0.38]
: Theissinger (2019), Chironomidae —— 0.05[-0.59, 0.68]
Lundstrém (2010), Chironomidae = 0.02[-0.51, 0.55] Vinnersten (2009), dytiscids - -0.10 [-0.58, 0.38]
Ostman (2008), protozoans HiH 0:38[0.08,, 0.68] . . Summary effect Invertebrates 0 -0.29 [-0.56, -0.02]

Vinnersten (2009), dytiscids - —-0.05[-0.55, 0.45] E
Ostman (2008), protozoans |—-—| 0.38[0.08, 0.68]

Summary effect — -022[-1.19, 075 ; 013 [
y E— [ ] Summary effect - 0.13[-0.68, 0.41] Summary effect - -0.28 [-0.56, 0.01]
=15 0 1 =2, 0 1 2 3 -2 -1 0 1 2
InR InR InR

Figure S5. Forest plots showing effects on taxa richness in Bti treated areas compared to untreated areas. Summary max negative effect and summary overall effect are significant
(p<0.05) for invertebrates. In Duchet (2018), active and passive dispersers include insects (Culicidae, Chironomidae, Ceratopogonidae, Ephemeroptera), and crustaceans (calanoid
copepods, cladocerans, och ostracods), respectively. In each meta-analysis we used only one of the groups to avoid statistical dependence and to obtain a conservative estimate of

negative effects we selected the group showing the least negative effect. From Hershey (1998) we selected the broadest taxa group reported (total insects).

Table S9. Estimated summary effects (weighted averages across n studies), their 95% confidence intervals and p-values for taxa richness. Changes in taxa richness
in Bti-treated areas are calculated from back-transformed effect sizes and 95% confidence intervals. The I>-statistic reflects the heterogeneity of study results
beyond random sampling error. Fail-safe number according to Rosenberg (2005).

Group Summary effect Estimate [95% Cl] p-value n Change (%) 12 (%) Fail-safe N
taxa richness Max negative -0.221 [-1.19, 0.746] 0.52 4 -20 [-70-110] 91 -
taxa richness End of study -0.134 [-0.682, 0.414] 0.58 8 -13 [-49-51] 94 -
taxa richness Overall -0.28 [-0.565, 0.00532] 0.0538 13 -24 [-43 - 0.53] 83 -
taxa richness Max positive 0.363 [-0.257, 0.984] 0.159 4 44 [-23 -170] 67 -
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Table S10. Studies included in meta-analyses of species/taxa richness. Bti dose is given in 10° ITU/ha. Number of Bti applications per year or study is denoted nr,
number of years with reported measurements is denoted ny, and number of reported timepoints after first application is denoted n¢,. Caquet (2011) conducted two
independent studies using different Bti formulations.

wetland

Short ref Type of habitat Country/State | Taxa Response variable Bti dose n; | Type of study Exp. ny | ng | Type of Risk of bias
design datapoints

Caquet (2011) Temporary oligohaline | France Invertebrates taxonomic richness 0,6 5-8 | Control programme field study | BACI 2 8 | discrete High
pool

Caquet (2011) Temporary oligohaline | France Invertebrates taxonomic richness 1,2 5-8 | Control programme field study | BACI 2| 8| discrete High
pool

Duchet (2018) Pond Israel Active disperser species richness 32,4 2 | Field mesocosm Cl 1 3 | discrete Low

Duchet (2018) Pond Israel Passive disperser species richness 32,4 2 | Field mesocosm Cl 1 3 | discrete Low

Hershey (1995) Pond Minnesota, USA | aquatic invertebrates species richness 1,57 6 | Experimental field study Cl 1 1 | integrated Probably low

Hershey (1998) Permanent wetland Minnesota, USA | Total insecta taxonomic richness 2,344 6 | Control programme field study | BACI 5| 3 |integrated Low

Hershey (1998) Permanent wetland Minnesota, USA | Chironomidae taxonomic richness 2,344 6 | Control programme field study | BACI 5 3 | integrated Low

Jakob (2016) Permanent wetland France Odonata species richness 3| 30-50 | Experimental field study Cl 5| 6 |integrated Probably high

Lagadic (2014) Permanent wetland France aquatic invertebrates taxonomic richness 0,85 4-10 | Control programme field study | Cl 7 3 | integrated Probably high

Lundstrom (2010) | Temporary flooded Sweden Chironomidae species richness Not reported | unclear | Control programme field study | Cl 6| 6 |integrated Moderate
wetland

Ostman (2008) Temporary flooded Sweden protozoans taxonomic richness 3 | unclear | Control programme field study | CI 1 1 | discrete Probably low
wetland

Theissinger (2019) | Temporary flooded Germany Chironomidae taxonomic richness 2,88 1 | Control programme field study | BACI 1 1 | integrated Probably high
wetland

Theissinger (2019) | Temporary flooded Germany Chironomidae taxonomic richness 1,44 2 | Experimental field study Cl 1 1 | integrated Probably low
wetland

Theissinger (2019) | Temporary flooded Germany Chironomidae taxonomic richness 1,2 1 | Control programme field study | Cl 1 1| integrated Probably high
wetland

Vinnersten (2009) | Temporary flooded Sweden dytiscids species richness 2,8 0-2 | Experimental field study Cl 5| 6 |integrated Probably high

10
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Species traits, size

size, max negative effect Estimate [95% CI] size, end effect Estimate [95% Cl] size, overall effect Estimate [95% CI]

Allgeier (2019b). Amphibia bt -0.02 [-0.06, 0.02] Allgeier (2019b). Amphibia L -0.02 [-0.06, 0.02]
Duchet (2010), Crustacea —— 0.08 [-0.21, 0.38]

Duchet (2008), Crustacea i -0.06 [-0.15, 0.04] Duchet (2008), Crustacea e 0.26[0.18,0.34] Duchet (2008), Crustacea HH 0.07 [-0.07, 0.20]

Duchet (2010), Crustacea HElH -0.23[-0.29, -0.18] Su (2005), Crustacea d 0.06 [-0.05, 0.18] Duchet (2010), Crustacea —— -0.11[-0.40, 0.18]

Su (2005), Crustacea —— -0.22 [-0.40, -0.04] Su (2005), Crustacea - -0.07 [-0.21, 0.06]
Summary effect Crustacea e —— 0.12[-0.38, 0.61]

Summary effect Crustacea ——R— -0.23[-0.61, 0.15] Summary effect Crustacea g =0.03 [-0.33, 0.26]

Allgeier (2019b), Odonata ol -0.01 [-0.04, 0.01] Painter (1996), Odonata - -0.01 [-0.40, 0.38] Allgeier (2019b), Odonata [ -0.01[-0.04,0.01]

Painter (1996), Odonata I -0.01[-0.40, 0.39] Painter (1996), Odonata i -0.01[-0.40, 0.39]

Summary effect —— -0.22 [-0.44, 0.00] Summary effect —— 0.07[-0.26, 0.40] Summary effect - -0.03[-0.17,0.11]

-02 0 02 04 -06 -02 02 -06 0 04
InR InR InR

Figure S6. Forest plots showing effects on size in Bti treated areas compared to untreated areas. No summary effect is significant (p<0.05). Painter (1996) reported multiple

response variables on the same individuals. In each meta-analysis we used only one of the response variables to avoid statistical dependence, and to obtain a conservative estimate

of negative effects we selected the variable showing the least negative effect. Allgeier (2019b) conducted two independent studies for Amphibia and Odonata, respectively.

Table S11. Estimated summary effects (weighted averages across n studies), their 95% confidence intervals and p-values for size. Changes in size in Bti-
treated areas are calculated from back-transformed effect sizes and 95% confidence intervals.

Group Summary effect Estimate [95% Cl] p-value n | Change (%) 12(%)| Fail-safeN
size Max negative -0.22 [-0.444, 0.00459] 0.0533 6 |-20[-36-0.46] 89 --
size End 0.0713 [-0.26, 0.403] 0.543 4 |7.4[-23-50] 51 --
size Overall -0.0299 [-0.17, 0.111] 0.608 6 |-2.9[-16-12] 0 --
size Max positive 0.0491 [-0.163, 0.261] 0.577 6 |5][-15-30] 89 -

11




Additional file 7, Results of meta-analyses

Table S12. Studies included in meta-analyses of size-related response variables. Bti dose is given in 10° ITU/ha. Number of Bti applications per year or study is
denoted nt, number of years with reported measurements is denoted ny, and number of reported timepoints after first application is denoted nyp.

Short ref Type of habitat Country/State | Taxa Response variable Bti| n;|Type of study | Exp. ny | ng | Type of Risk of bias
dose design datapoints

Aligeier Constructed/Atrtificial Germany Aeshna cyanea length 2,88 1 | Field mesocosm | Cl 1 1 | discrete Probably low

(2019b)

Allgeier Constructed/Artificial Germany Lissotriton helveticus and | length 2,88 2 | Field mesocosm | Cl 1 1 | discrete Probably low

(2019b) Lissotriton vulgaris.

Duchet (2008) | Temporary oligohaline pool | France Daphnia pulex body size 1,5 1 | Field mesocosm | Cl 1 5 | discrete Probably low

Duchet (2010) | Temporary oligohaline pool | France Daphnia magna body length 3 1 | Field mesocosm | BACI 1 5 | discrete Moderate

Painter (1996) | Other Tennessee, USA | Erythemis simplicicollis hind femur length 0,70 8 | Lab mesocosm cl 1 6 | discrete Probably low

Painter (1996) | Other Tennessee, USA | Erythemis simplicicollis adult male hind wing length 0,70 8 | Lab mesocosm cl 1 1 | discrete Probably low

Painter (1996) | Other Tennessee, USA | Erythemis simplicicollis adult female hind wing length 0,70 8 | Lab mesocosm Cl 1 1| discrete Probably low

Su (2005) Pond California, USA Triops newberryi length 2,22 1 | Field mesocosm | BACI 1 3 | discrete Unclear

12
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Species traits, weight

weight, max negative effect Estimate [95% CI] weight, overall effect Estimate [95% CI]
Aligeier (2019b), Experiment 1 [ -0.11 [-0.18, -0.03]
Allgeier (2019b), Experiment 1 HIH -0.11[-0.18, -0.03]
Allgeier (2019b), Experiment 2 ] -0.07 [-0.15, 0.00]
Allgeier (2019b), Experiment 2 HIH -0.07 [-0.15, 0.00]
Hanowski (1997), Wright County [ ] 0.04 [-0.00, 0.08]
Strasburg (2021), Parasite—pestiside e -0.14[-0.31, 0.02]
Strasburg (2021), Parasite—pestiside —— 0.01[-0.30, 0.31]
Summary effect - -0.10[-0.21, 0.02] Summary effect - -0.01[-0.18, 0.17]
rrrrr1i | I |
-04 0 -04 0 0.4
InR InR

Figure S7. Forest plots showing effects on weight in Bti treated areas compared to untreated areas. No summary effect is significant (p>0.05). Meta-analysis for the effect at the end
of the studies was not conducted since the number of studies with more than one reported timepoint were too low.

Table S13. Estimated summary effects (weighted averages across n studies), their 95% confidence intervals and p-values for weight.
Changes in size in Bti-treated areas are calculated from back-transformed effect sizes and 95% confidence intervals.

Group Summary effect Estimate [95% Cl] p-value n | Change (%)
weight Max negative -0.0983 [-0.214, 0.0172] 0.0671 3 |-94[-19-1.7]
weight End of study 0.0989 [-0.8, 0.998] 0.395 2 |10[-55-170]
weight Overall -0.00696 [-0.182, 0.168] 0.908 4 |-0.69[-17 —18]
weight Max positive -0.0406 [-0.226, 0.145] 0.446 3 |-4[-20-16]
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Table S14. Studies included in meta-analyses of weight-related response variables. Bti dose is given in 10° ITU/ha. Number of Bti applications per year or study is
denoted nr, number of years with reported measurements is denoted ny, and number of reported timepoints after first application is denoted nyp.

Short ref Type of habitat Country/State | Taxa Response Bti ny | Type of study Exp. ny ny, | Type of Risk of bias
variable dose design datapoints
Allgeier (2019b) | Constructed/Artificial Germany Aeshna cyanea weight 2,88 1 | Field mesocosm Cl 1 1 | discrete Probably low
Aligeier (2019b) | Constructed/Artificial Germany Lissotriton helveticus and | weight 2,88 2 | Field mesocosm Cl 1 1 | discrete Probably low
Lissotriton vulgaris.
Hanowski (1997) | Permanent wetland Minnesota, USA | Agelaius phoeniceus male weight unclear 2 | Experimental field study | Cl 6 3 | integrated Unclear
Strasburg (2021) | Pond Ohio, USA Lithobates pipiens mass at 1 | Field mesocosm Cl 1 2 | discrete Low

metamorphosis

14




Species traits, feeding rate
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feeding, max negative effect

Estimate [95% CI]

feeding, end effect

Estimate [95% CI]

feeding, overall effect

Estimate [95% CI]

Gutierrez (2017), Hemiptera, predation [ -0.09 [-0.29, 0.11] Gutierrez (2017), Hemiptera, predation L 0.06 [-0.03, 0.14]
Gutierrez (2017), Hemiptera, predation Fa 0.07 [-0.07, 0.22] Gutierrez (2017), Hemiptera, predation i 0.18[0.03,0.32]
Gutierrez (2017), Hemiptera, predation 2= 0.07 [-0.03, 0.17] Gutierrez (2017), Hemiptera, predation o 0.07 [-0.03, 0.17]
Painter (1996), Odonata, feeding rate —— -0.09 [-0.49, 0.31] Painter (1996), Odonata, feeding rate —— 0.00[-0.39, 0.39]
Summary effect — -0.03 [-0.30, 0.25] Summary effect —~ 0.06 [-0.22, 0.34]

rrrrii [

-06 0 04 -04 02

InR InR

Gutierrez (2017), Hemiptera, predation b
Gutierrez (2017), Hemiptera, predation ——
Gutierrez (2017), Hemiptera, predation ot

Hanowski (1997), Aves, total visits to nest ——m——

Painter (1996), Odonata, feedingrate =~ +—@#———

-0.01[-0.12, 0.09]

0.13[0.06, 0.20]

0.08[0.07, 0.09]

-0.09 [-0.22, 0.05]

-0.01[-0.29, 0.26]

Summary effect ——eeEA—
T 1 1 1 11
-03 -01 01 03
InR

-0.02[-0.19, 0.15]

Figure S8. Forest plots showing effects on feeding rate in Bti treated areas compared to untreated areas. No summary effect is significant (p>0.05). Gutierrez (2017) conducted

three independent studies.

Table S15. Estimated summary effects (weighted averages across n studies), their 95% confidence intervals and p-values for feeding
rate. Changes in feeding rate in Bti-treated areas are calculated from back-transformed effect sizes and 95% confidence intervals.

Group Summary effect Estimate [95% Cl] p-value n | Change (%)

feeding Max negative -0.0252 [-0.304, 0.253] 0.792 4 |-2.5[-26-29]
feeding End 0.0573 [-0.221, 0.335] 0.559 4 |5.9[-20-40]
feeding Overall -0.0189 [-0.188, 0.15] 0.772 5 |-1.9[-17-16]
feeding Max positive 0.0728 [-0.209, 0.355] 0.471 4 |7.6[-19-43]
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Table S16. Studies included in meta-analyses of feeding rate. Bti dose is given in 10° ITU/ha. Number of Bti applications per year or study is denoted ny, number of
years with reported measurements is denoted ny, and number of reported timepoints after first application is denoted ny.

Short ref Type of habitat Country/State | Taxa Response Bti dose n; | Type of study Exp. ny ny, | Type of Risk of bias
variable design datapoints

Gutierrez (2017) Constructed/Artificial | Brazil Buenoa tarsalis predation 1 | Lab mesocosm Cl 1 2 | discrete Unclear

Gutierrez (2017) Constructed/Artificial | Brazil Buenoa tarsalis predation 1 | Lab mesocosm Cl 1 2 | discrete Unclear

Gutierrez (2017) Constructed/Artificial | Brazil Buenoa tarsalis predation 1 | Lab mesocosm Cl 1 2 | discrete Unclear

Hanowski (1997) Permanent wetland | Minnesota, USA | Agelaius phoeniceus total visits to nest unclear 2 | Experimental field study | CI 6 1 | integrated Unclear

Painter (1996) Other Tennessee, USA Erythemis simplicicollis | feeding rate 0,70 8 | Lab mesocosm Cl 1 6 | discrete Probably low
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Environmental data, pH
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pH, max negative effect

Estimate [95% CI]

pH, end effect

Estimate [95% CI]

pH, overall effect

Estimate [95% ClI]

Brown (1999), Field Bioassay - -0.10 [-0.49, 0.29] Caquet (2011), VectoBac WG [ 0.00[-0.12, 0.12]
Duchet (2010), 2,5 I/ha i -0.20 [-0.68, 0.29] Duchet (2010), 2,5 I/ha i 0.10[-0.23, 0.43]
Duchet (2018), Hai-Bar HEH -0.10[-0.34, 0.14] Duchet (2018), Hai-Bar - -0.10[-0.34, 0.14]
Duguma (2015), high i -1.35 [-1.83, -0.87] Duguma (2015), high . -0.78 [-1.09, -0.47]
Summary effect ~eaifioe -0.42[-1.01, 0.16] Summary effect et —0.19 [-0.56, 0.19]
| B B | T 1T 71 1
-2 -1 0 -15 -05 0.5
D D

Brown (1999), Field Bioassay ] —-0.01[-0.40, 0.38]
Caquet (2011), VectoBac WG | | 0.00[-0.03, 0.03]
Duchet (2008), 0.50 —— 0.00[-0.28, 0.28]
Duchet (2010}, 2,5 I’ha I “S— 0.02[-0.51, 0.55]
Duchet (2018), Hai-Bar ] 0.01[-0.04, 0.05]
Duguma (2015), high [ -0.42[-0.69, -0.15]
Lagadic (2014), Locoal-Mendon - -0.01[-0.10, 0.07]
Summary effect + —0.00[-0.02, 0.02]

T T T 1
-0.5 0 0.5 1

Figure S9. Forest plots showing effects on pH in Bti treated areas compared to untreated areas. No summary effect is significant (p>0.05).

Table S17. Estimated summary effects (weighted averages across n studies), their 95% confidence intervals and p-values for pH.

Changes in pH in Bti-treated areas are calculated from back-transformed effect sizes and 95% confidence intervals.

Group Summary effect Estimate [95% Cl] p-value n | Change (%)

pH Max negative -0.423 [-1.01, 0.161] 0.156 4 | not calculated
pH End of study -0.188 [-0.565, 0.188] 0.327 4 | not calculated
pH Overall -0.00216 [-0.0238, 0.0195] 0.845 7 | not calculated
pH Max positive 0.184 [-0.00942, 0.377] 0.0623 4 | not calculated
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Table S18. Studies included in meta-analyses of pH. Bti dose is given in 10° ITU/ha. Number of Bti applications per year or study is denoted nr, number of years

with reported measurements is denoted ny, and number of reported timepoints after first application is denoted ny.

Short ref Type of habitat Country/State | Response Bti dose | nr | Type of study Exp. design ny | ng | Type of Risk of bias
variable datapoints

Brown (1999) Temporary oligohaline pool Australia pH 1,279 1 | Field mesocosm Cl 1 1| discrete Moderate
Caquet (2011) Temporary oligohaline pool France pH 1,2 | 5-8 | Control programme field study | Cl 2 2 | integrated High

Duchet (2008) Temporary oligohaline pool France pH 1,5 1| Field mesocosm cl 1 1 | integrated Probably low
Duchet (2010) Temporary oligohaline pool France pH 3 1| Field mesocosm BACI 1 5 | discrete Moderate
Duchet (2018) Pond Israel pH 32,4 2 | Field mesocosm cl 1 4 | discrete Low

Duguma (2015) Pond California, USA pH 9,62 1 | Lab mesocosm BACI 1 6 | discrete Probably low
Lagadic (2014) Permanent wetland France pH 0,85 | 4-10 | Control programme field study | Cl 7 1 | integrated Probably high
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Environmental data, dissolved oxygen (DO)
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DO, max negative effect

Estimate [95% CI]

DO, end effect

Estimate [95% CI]

DO, overall effect

Estimate [95% ClI]

Brown (1999), Field Bioassay [ —— 0.03[-0.61, 0.67] Caquet (2011), VectoBac WG & & 0.07 [-0.05, 0.18]
Duchet (2010), 2,5 I/ha [ ] -0.14 [-0.24, -0.04] Duchet (2010), 2,5 I/ha — 0.02[-0.14, 0.18]
Duguma (2015), high e -1.40[-1.81, -0.98] Duguma (2015), high i -0.53 [-0.67, -0.39]
Su (1999), Test 1 HEH -0.63 [-0.74, -0.52] Su (1999), Test 1 i -0.33 [-0.48, -0.18]
Su (1999), Test 3 ™ -0.88 [-0.98, -0.79] Su (1999), Test 3 I -0.66 [-0.87, -0.44]
Summary effect e -0.63 [-1.32, 0.07] Summary effect e -0.28 [-0.68, 0.13]
T T T T T T T 11
-2 -15 -1 -05 0 05 1 -1 -06 -02 02
InR InR

Brown (1999), Field Bioassay i 0.03[-0.61, 0.67]
Caquet (2011), VectoBac WG )—l—i -0.02 [-0.15, 0.12]
Duchet (2008), 0.50 - 0.08 [-0.53, 0.68]
Duchet (2010}, 2,5 I/ha »—-—4 -0.05 [-0.30, 0.20]
Duguma (2015), high »—-—4é -0.49 [-0.90, -0.09]
Lagadic (2014), Locoal-Mendon ] 0.13[0.05, 0.21]
Su (1999), Test 1 . -0.34[-0.58, -0.11]
Su (1999), Test 3 - -0.72[-1.02,-0.42]
Summary effect oo -0.01[-0.43, 0.41]
—r T 1T 71T 1

Figure S10. Forest plots showing effects on DO in Bti treated areas compared to untreated areas. No summary effect is significant (p>0.05).

Table S19. Estimated summary effects (weighted averages across n studies), their 95% confidence intervals and p-values for DO. Changes
in DO in Bti-treated areas are calculated from back-transformed effect sizes and 95% confidence intervals.

Group Summary effect Estimate [95% Cl] p-value n | Change (%)
DO Max negative -0.625 [-1.32, 0.0662] 0.066 5 |-46[-73-6.8]
DO End of study -0.276 [-0.678, 0.127] 0.13 5 |-24[-49 - 14]
DO Overall -0.0088 [-0.426, 0.409] 0.962 8 |-0.88[-35-51]
DO Max positive -0.124 [-0.513, 0.266] 0.428 5 |-12 [-40-30]

19




Additional file 7, Results of meta-analyses

Table S20. Studies included in meta-analyses of dissolved oxygen (DO). Bti dose is given in 10° ITU/ha. Number of Bti applications per year or study is denoted nr,

number of years with reported measurements is denoted ny, and number of reported timepoints after first application is denoted ny,.

Short ref Type of habitat Country/State Response Bti dose nr | Type of study Exp. ny ny, | Type of Risk of bias
variable design datapoints

Brown (1999) Temporary oligohaline pool Australia DO 1,279 1 | Field mesocosm Cl 1 1 | discrete Moderate
Caquet (2011) Temporary oligohaline pool France DO 1,2 5-8 | Control programme field study | Cl 2 2 | integrated High

Duchet (2008) Temporary oligohaline pool France DO 1,5 1| Field mesocosm Cl 1 1| integrated Probably low
Duchet (2010) Temporary oligohaline pool France DO 3 1| Field mesocosm BACI 1 5 | discrete Moderate
Duguma (2015) Pond California, USA DO 9,62 1 | Lab mesocosm BACI 1 6 | discrete Probably low
Lagadic (2014) Permanent wetland France DO 0,85 4-10 | Control programme field study | Cl 7 1 | integrated Probably high
Su (1999) Built environment California, USA DO 9,62 1 | Lab mesocosm BACI 1 5 | discrete Moderate

Su (1999) Built environment California, USA DO 0,21 1 | Lab mesocosm BACI 1 4 | discrete Moderate
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Environmental data, chlorophyll a

chlorophyll, max negative effect Estimate [95% CI] chlorophyll, end effect Estimate [95% CI] chlorophyll, overall effect Estimate [95% CI]
: Bordalo (2021), artificial microcosm streams ] —-0.09 [-0.60, 0.43]
Bordalo (2021), artificial microcosm streams &4 -0.09 [-0.60, 0.43] Caquet (2011), VectoBac WG L] 0.31[-0.02, 0.64]
Caquet (2011), VectoBac WG i -0.26 [-1.61, 1.10]
Duchet (2010), 2,5 I/ha - 0.26 [-0.10, 0.62] Duchet (2010), 2,5 l/ha - 0.91[0.18, 1.83] Duchet (2008), 0.50 & -0.03[-0.23, 0.17]
Duchet (2018), Hai-Bar - m -1.79 [-6.42, 2.85] Duchet (2018), Hai-Bar — . -1.79[-6.42, 2.85] Duchet (2010), 2,5 Itha = 0.55[0.18, 0.93]
Duchet (2018), Hai-Bar ey -0.54[-1.91, 0.84]
Duguma (2015), high [ -4.41[-5.03, -3.80] Duguma (2015), high - -4.41[-5.03, -3.80]
: Duguma (2015), high —.— -1.74 [-2.78, -0.70]
Summary effect — e R — -1.52[-5.81, 2.77] Summary effect R -1.11[-5.57, 3.34] Summary effect . -0.20 [-1.33, 0.93]
T T T T T T 1 T T T T T T 1 T T T
-8 6 -4 -2 0 2 4 -8 -6 4 -2 0 2 4 -3 -1 0 4 2
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Figure S11. Forest plots showing effects on chlorophyll a in Bti treated areas compared to untreated areas. No summary effect is significant (p>0.05).

Table S21. Estimated summary effects (weighted averages across n studies), their 95% confidence intervals and p-values for
chlorophyll a. Changes in chlorophyll a in Bti-treated areas are calculated from back-transformed effect sizes and 95% confidence

intervals.
Group Summary effect Estimate [95% Cl] p-value n | Change (%)
chlorophyll a Max negative -1.52 [-5.81, 2.77] 0.341 4 |-78[-100-1500]
chlorophyll a End of study -1.11 [-5.57, 3.34] 0.484 4 |-67 [-100-2700]
chlorophyll a Overall -0.197 [-1.33, 0.932] 0.672 6 |-18[-74-150]
chlorophyll a Max positive -0.124 [-0.513, 0.266] 0.428 5 [-12[-40-30]
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Table S22. Studies included in meta-analyses of chlorophyll a. Bti dose is given in 10° ITU/ha. Number of Bti applications per year or study is denoted ny, number of
years with reported measurements is denoted ny, and number of reported timepoints after first application is denoted ny.

Short ref Type of habitat Country/State Response Bti n; | Type of study Exp. ny ny, | Type of Risk of bias
variable dose design datapoints

Bordalo (2021) River Portugal chlorophyll a 0 1 | Lab mesocosm Cl 1 1 | discrete Probably low
Caquet (2011) Temporary oligohaline pool France chlorophyll a 1,2 5-8 | Control programme field study | Cl 2 2 | integrated High

Duchet (2008) Temporary oligohaline pool France chlorophyll a 1,5 1 | Field mesocosm Cl 1 1 | integrated Probably low
Duchet (2010) Temporary oligohaline pool France chlorophyll a 3 1 | Field mesocosm BACI 1 5 | discrete Moderate
Duchet (2018) Pond Israel chlorophyll a 32,4 2 | Field mesocosm Cl 1 3 | discrete Low
Duguma (2015) Pond California, USA chlorophyll a 9,62 1 | Lab mesocosm BACI 1 5 | discrete Probably low
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particles, max negative effect

Estimate [95% CI]

particles, end effect

Estimate [95% CI]

particles, overall effect

Estimate [95% ClI]

Brown (1999), Field Bioassay b -0.21[-0.42, 0.01] Caquet (2011), VectoBac WG | | 0.07 [-0.03, 0.18]
Duchet (2010), 2,5 I/ha M -0.43[-1.25, 0.39] Duchet (2010), 2,5 I/ha HiH -0.15[-0.50, 0.19]
Duguma (2015), high - -2.81[-3.20, -2.42] Duguma (2015), high - -2.81[-3.20, -2.42]
Su (1999), Test 1 HEH -2.01[-2.26, -1.75] Su (1999), Test 1 - -1.64 [-1.85, -1.42]
Su (1999), Test 3 n -1.51[-1.66, -1.37] Su (1999), Test 3 n -0.49 [-0.65, -0.34]
Summary effect e -1.44 [-2.81, -0.06] Summary effect R -0.93 [-2.42, 0.56]

—r T 1T 71 1 T 1 T 1T 1
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Brown (1999), Field Bioassay
Caquet (2011), VectoBac WG
Duchet (2008), 0.50

Duchet (2010), 2,5 I'ha
Duguma (2015), high

Su (1999), Test 1

Su (1999), Test 3

-0.21[-0.42, 0.01]
0.07 [-0.40, 0.54]
-0.08[-0.59, 0.42]
0.02[-0.57, 0.61]
-158 [-2.24, -0.92]
-1.26 [-1.65, -0.87]

-0.97 [-1.26, -0.69]

Summary effect

-3 -2 - 0 1
InR

-0.40 [-1.40, 061]

Figure S12. Forest plots showing effects on suspended particles in Bti treated areas compared to untreated areas. Summary max negative effect is significant (p<0.05).

Table S23. Estimated summary effects (weighted averages across n studies), their 95% confidence intervals and p-values for suspended particles. Changes in

suspended particles in Bti-treated areas are calculated from back-transformed effect sizes and 95% confidence intervals.

Group Summary effect Estimate [95% Cl] p-value n | Change (%) 12 (%) Fail-safe N
particles Max negative -1.44 [-2.81, -0.0611] 0.0441 5 |-76[-94 --5.9] 99 855
particles End of study -0.93 [-2.42, 0.565] 0.159 5 |-61[-91-76] 99 --
particles Overall -0.396 [-1.4, 0.609] 0.372 7 |-33[-75-84] 91 --
particles Max positive -0.228 [-0.826, 0.37] 0.35 5 [-20[-56-45] 93 --
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Table S24. Studies included in meta-analyses of suspended particles. Bti dose is given in 10° ITU/ha. Number of Bti applications per year or study is denoted nr,
number of years with reported measurements is denoted ny, and number of reported timepoints after first application is denoted ny..

Short ref Type of habitat Country/State | Response variable Bti nr | Type of study Exp. ny ny, | Type of Risk of bias
dose design datapoints

Brown (1999) Temporary oligohaline pool Australia turbidity 1,279 1 | Field mesocosm Cl 1 1 | discrete Moderate
Caquet (2011) Temporary oligohaline pool France SS 1,2 5-8 | Control programme field study Cl 2 2 | integrated High

Duchet (2008) Temporary oligohaline pool France Suspended matter 1,5 1| Field mesocosm Cl 1 1| integrated Probably low
Duchet (2010) Temporary oligohaline pool France suspended matter 3 1| Field mesocosm BACI 1 5 | discrete Moderate
Duguma (2015) Pond California, USA particles 9,62 1 | Lab mesocosm BACI 1 5 | discrete Probably low
Su (1999) Built environment California, USA optical density 9,62 1 | Lab mesocosm BACI 1 5 | discrete Moderate

Su (1999) Built environment California, USA optical density 0,21 1 | Lab mesocosm BACI 1 4 | discrete Moderate
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Funnel plots, chironomid emergence

Max negative effect

Effect at end of study
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Overall effect

Standard Error

1.366 0.911 0.455

1.822

Standard Error

1.366 0.911 0.455

1.822

InR

Standard Error

0.12

0.24

0.36

0.48

Figure S13. Funnel plots for effect sizes of chironomid emergence. There is no obvious asymmetry that could indicate possible publication bias.
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Funnel plots, chironomid abundance
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Figure S14. Funnel plots for effect sizes of chironomid abundance. There is no obvious asymmetry that could indicate possible publication bias.
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Funnel plots, crustacea abundance

Max negative effect

Effect at end of study
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Overall effect

Standard Error

2144 1.429 0.715

2.858

Standard Error

2144 1.429 0.715

2.858

Standard Error

0.905 0.603 0.302

1.207

Figure S15. Funnel plots for effect sizes of crustacea abundance.
nonsignificant positive effects may be missing.
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Funnel plots, taxa richness

Max negative effect

Effect at end of study
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Overall effect

Standard Error
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InR

Standard Error
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InR

Standard Error
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0.818

Figure S16. Funnel plots for effect sizes of taxa richness. There is no obvious asymmetry that could indicate possible publication bias, except for the overall effect where
nonsignificant negative effects may be missing.
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Regression plots, chironomid emergence
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Overall effect
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Figure S17. Effect sizes as a function of Bti dose in 10° ITU/ha.

Table $25. Slope and p-value for regression lines where the moderator is Bti dose.

Group Summary effect Slope p-value n
chironomid Max negative 0.099 0.99 20
chironomid End of study 0.014 1 20
chironomid Overall 0.030 0.35 23
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Regression plots, chironomid abundance
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Figure S18. Effect sizes as a function of Bti dose in 10° ITU/ha.

Table $26. Slope and p-value for regression lines where the moderator is Bti dose.

Group Summary effect Slope p-value n
chironomid Max negative -0.01 0.68 25
chironomid End of study 0.046 0.14 14
chironomid Overall 0.025 0.29 29
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Regression plots, crustacea abundance
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Figure S19. Effect sizes as a function of Bti dose in 10° ITU/ha.

Table $27. Slope and p-value for regression lines where the moderator is Bti dose.

Group Summary effect Slope p-value n
crustacea Max negative 0.047 0.59 25
crustacea End of study -0.16 0.61 16
crustacea Overall -0.12 0.32 27
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Regression plots, taxa richness
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Figure S20. Effect sizes as a function of Bti dose in 10° ITU/ha.

Table S28. Slope and p-value for regression lines where the moderator is Bti dose.

Group Summary effect Slope p-value n
taxa richness Max negative -0.055 0.27 5
taxa richness End of study 0.033 0.055 15
taxa richness Overall 0.012 0.33 20
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Sensitivity analysis, Chironomidae abundance

Max negative effect

Max negative effect

chironomid, max negative effect, all RoB, BACI Estimate [95% CI]

Allgeier (2019), Mesocosm +—®@&— —-3.20 [-4.35, —2.04]

Aligeier (2019b), Experiment 2—— @ -1.94 [-3.92, 0.04]

Charbonneau (1994), Enclosure test 1 —— -1.01[-1.89, -0.13]

Charbonneau (1994), Enclosure test 2 Low . -0.16 [-0.80, 0.49]

Liber (1998), 10X — . 030[-1.32, 1.92]

Summary effect -1.33[-3.14, 0.48]
I T T T 1
-6 -4 -2 0 2)
InR

chironomid, max negative effect, all RoB, Cl Estimate [95% Cl]
Bordalo (2021), artificial microcosm streams low  +—=—— -0.26 [-0.78, 0.25]
Charbonneau (1994), Enclosure test 3 Low —— 0.08 [-0.64, 0.80]
Charbonneau (1994), Enclosure test 4 Low —E— -0.11[-0.66, 0.43]
Dickman (2000), Field study 1998 - -1.01[-1.33, -0.69]
Dickman (2000), Field study 1999 —— -0.43 [-0.95, 0.10]
Jakob (2016), Carmague seasonal - -1.01[-1.35, -0.67]
Laskowski (1999), Prime Hook NWR - -0.02 [-0.31, 0.28]
Pont (1999), Larvae - -0.31[-0.71, 0.10]
Summary effect - -0.33 [-0.74, 0.09]
T T 17T
-15 -05 05
InR

Figure S21. Forest plots showing maximum negative effects on chironomid abundance in Bti treated areas compared to
untreated areas. To the left are studies with a BACI design, to the right are studies with a Cl design.

Table $29. Meta-analysis results for studies with BACI and Cl designs.

Additional file 7, Results of meta-analyses

RoB Group Summary effect Estimate [95% Cl] p-value n Change (%) 12 (%) Fail-safe N
all BACI max negative effect | -1.33 [-3.14, 0.482] 0.111 5 -74 [-96 - 62] 85 --
all Cl max negative effect | -0.326 [-0.74, 0.0874] 0.104 8 -28 [-52-9.1] 83 --
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Sensitivity analysis, Crustacea abundance

Max negative effect

Max negative effect

crustacea, max negative effect, low RoB

Estimate [95% Cl]

Bordalo (2021), artificial microcosm streams low +——+—

0.00 [-1.46, 1.46]

crustacea, max negative effect, high RoB

Estimate [95% Cl]

Davis (2008), Single-spray
Dickman (2000), Field study 1998
Dickman (2000), Field study 1999
Knepper (1989), Shiawassee NWR
Lagadic (2014), Locoal-Mendon
Russell (2009), Coomera Waters
Russell (2009), Garden Islands

Su (2005), Field 10 Ib/ac

~1.40 [-2.33, -0.47]
-0.20 [-0.87, 0.47]
~1.10 [-2.03, -0.17]
-0.64[-1.78, 0.50]
-1.69[-3.85, 0.47]

0.15[-1.16, 1.46]
-151[-3.80, 0.78]

-0.53[-1.74, 0.69]

Summary effect

Chansang (2004), Copepod study [a—— -0.75[-1.36, -0.15]
Charbonneau (1994), Enclosure test 1 )—.*I -0.52[-1.29, 0.25]
Charbonneau (1994), Enclosure test 2 Low »—.—c -0.45[-2.05, 1.14]
Charbonneau (1994), Enclosure test 3 Low |—.—< -0.22[-2.59, 2.14]
Charbonneau (1994), Enclosure test 4 Low m 0.22 [-0.31, 0.75]
Duchet (2008), 0.50 D. pulex »—-——c -0.59 [-1.40, 0.21]
Duchet (2010), 2,5 I’ha -2.20 [-7.80, 3.40]
Kroeger (2013), Bti iy -0.51[-1.72, 0.69]
Tietze (1994), Tire study .—-H -0.19[-0.94, 0.56]
Summary effect ‘v -0.45[-1.19, 0.29]

T T ; 1

-10 0 5

InR

-0.86 [-1.52, -0.20]

Figure S22. Forest plots showing maximum negative effects on crustacea abundance in Bti treated areas compared to
untreated areas. To the left are studies judged to have low, probably low, or moderate risk of bias included (p>0.05), to the
right are studies judged to have high, probably high, or unclear risk of bias included (p<0.05)

Additional file 7, Results of meta-analyses

Table $S30. Meta-analysis results for studies with low, probably low, or moderate risk of bias (RoB=low) and studies with high, probably high, or

unclear risk of bias (RoB=high).

RoB Group Summary effect Estimate [95% Cl] p-value n Change (%) 12 (%) Fail-safe N
low crustacea Max negative -0.451 [-1.19, 0.289] 0.201 10 -36[-70—-34] |0 --
high crustacea Max negative -0.856 [-1.52, -0.197] 0.0181 8 -58 [-78 —-18] [9.9 18
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Sensitivity analysis, invertebrate taxa richness

Overall effect

Overall effect

Additional file 7, Results of meta-analyses

Overall effect

taxa richness, overall effect, low RoB, Invertebrates

Estimate [95% CI]

Duchet (2018), Passive disperser — 0.27 [-0.76, 1.30]

Hershey (1995), Invertebrates (benthic) —— 0.13[-047, 0.73]

Hershey (1998), Total insecta —— -0.66 [-1.07, -0.24]

Lundstrém (2010), Chironomidae i 0.13[-0.03, 0.28]

Theissinger (2019), Chironomidae = -0.03 [-0.45, 0.38]

Summary effect - -0.01[-0.53, 0.51]
-1.5 0

taxa richness, overall effect, high RoB, Invertebrates

Estimate [95% CI]

Caquet (2011), Invertebrates - -0.29 [-0.48, -0.11]
Caquet (2011), Invertebrates [ ] -0.26 [-0.46, -0.07]
Jakob (2016), Odonata e -0.73[-0.96, -0.49]
Lagadic (2014), Invertebrates (aquatic) ——e——— =0.03[-1.63, 1.57]
Theissinger (2019), Chironomidae HEH -0.97 [-1.38, -0.57]
Theissinger (2019), Chironomidae ] 0.05[-0.59, 0.68]
Vinnersten (2009), dytiscids - -0.10[-0.58, 0.38]
Summary effect - -0.45[-0.81, -0.09]
-2 0

taxa richness, overall effect, all RoB, Invertebrates

Estimate [95% CI]

Caquet (2011), Invertebrates HH -0.29 [-0.48, -0.11]
Caquet (2011), Invertebrates HIH -0.26 [-0.46, -0.07]
Duchet (2018), Passive disperser — 0.27 [-0.76, 1.30]
Hershey (1995), Invertebrates (benthic) [ 0.13[-047, 0.73]
Hershey (1998), Total insecta i -0.66 [-1.07, -0.24]
Jakob (2016), Odonata e -0.73 [-0.96, -0.49]
Lagadic (2014), Invertebrates (aquatic) b——=—— -0.03[-1.63, 1.57]
Lundstrém (2010), Chironomidae i 0.13[-0.03, 0.28]
Theissinger (2019), Chironomidae - -0.97 [-1.38, -0.57]
Theissinger (2019), Chironomidae il -0.03 [-0.45, 0.38]
Theissinger (2019), Chironomidae —— 0.05[-0.59, 0.68]
Vinnersten (2009), dytiscids —— -0.10 [-0.58, 0.38]
Summary effect < -0.29 [-0.56, -0.02]
1 1T 1T 1
=2 = 0

Figure S23. Forest plots showing overall effects across study periods on invertebrate taxa richness in Bti treated areas compared to untreated areas. To the left are studies judged to
have low, probably low, or moderate risk of bias included (p>0.05), in the centre are studies judged to have high, probably high, or unclear risk of bias included (p<0.05), and to the

right are all studies included (p<0.05).

Table S31. Meta-analysis results for studies with low, probably low, or moderate risk of bias (RoB=low) and studies with high, probably high, or
unclear risk of bias (RoB=high). The results for RoB=all are equal to those for the subgroup shown in Figure S5.

RoB Group Summary effect Estimate [95% Cl] p-value n Change (%) 12(%)| Fail-safe N
low taxa richness overall effect -0.0148 [-0.535, 0.505] 0.941 5 -1.5[-41 - 66] 0 --
high taxa richness overall effect -0.446 [-0.805, -0.0869] | 0.0228 7 -36 [-55 —-8.3] 78 92
all taxa richness overall effect -0.289 [-0.559, -0.0189] | 0.0382 12 -25[-43 --1.9] 53 78
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Articles used in meta-analyses
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