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Table A1. List of studies used in the primary meta-analysis comparing r for grazers fed control foods comprising chlorophytes and/
or flagellates and treatment foods containing cyanobacteria. Grazer types: cl 5 cladoceran (genera 5 1Bosmina, 2Ceriodaphnia,
3Chydoris, 4Daphnia, 5Moina, 6Moinadaphnia, 7Scapholeberis, 8Simocephalus); and r 5 rotifer (genera 5 9Asplanchna, 10Brachionus,
11Hexarthra, 12Keratella, 13Synchaeta). Toxins analyzed and found to be present: 14anatoxin, 15deazaadenosine, 16glucopyranoside,
17microcystin. Morphology types: colonial 5 colonial [genera 5 18Microcystis], filament 5 filamentous [genera 5 19Anabaena,
20Aphanizomenon, 21Cylindrospermopsis, 22Oscillatoria/Planktothrix], and single 5 single-celled (genera 5 19Anabaena, 23Anacystis,
24Gleocapsa, 25Merismopedia, 18Microcystis, 26Synechococcus, 27Synechocystis). ND 5 toxin presence not determined by chemical
analysis. * Studies employing toxic Microcystis PCC7820.

Studies Grazer type
Cyanobacterial

toxicity
Cyanobacterial

morphology
Unweighted

estimate
Weighted
estimate

Ahlgren et al. 1990 cl3,4 ND single18, filamentous22 4 0
Alva-Martı́nez et al. 2001 cl2,4,5 ND single18 9 9
Alva-Martı́nez et al. 2004 cl4 ND single18 8 8
Arnold 1971 cl4 nontoxic, ND single19,23,24,25,26,27 14 0
Brett 1993 cl4 ND single18 2 2
Cecchine 1997 r10 toxic17 single18 9 9
Chen and Xie 2003 cl5 ND colonial18 3 0
Chen and Xie 2004* cl4 toxic17 single18 4 0
Claska and Gilbert 1998 cl4 toxic14,15,16 filament19 25 23
de Bernardi et al. 1981 cl4 ND single18 6 0
Ferrão-Filho and Azevedo 2003 cl2,5 toxic17 single18, colonial18 16 16
Ferrão-Filho et al. 2000 cl2,4,5,6 toxic17 single18 25 23
Ferrão-Filho et al. 2002 cl2,5 toxic17 single18 2 2
Fulton and Paerl 1987 r10 ND single18, colonial18 4 0
Fulton and Paerl 1988 cl4, r10 ND colonial18 4 0
Gilbert 1990 cl1,2,4, r12,13 toxic15,16 filament19 22 22
Gilbert 1994 r12 toxic14 filament19 1 0
Gilbert 1996a r10 toxic14 filament19 5 4
Gilbert 1996b r9,10 toxic14 filament19 6 6
Gilbert and Durand 1990 cl4, r12 nontoxic filament19 4 4
Hanazato and Yasuno 1987 cl5 ND single18, colonial18 2 0
Henning et al. 1991 cl4 toxic17, nontoxic, ND single18 4 0
Hietala et al. 1995* cl4 toxic17 single18 10 8
Hietala et al. 1997a* cl4 toxic17 single18 18 15
Hietala et al. 1997b* cl4 toxic17 single18 4 4
Kurmayer 2001 cl1,4 nontoxic filament20 4 4
Lundstedt and Brett 1991 cl4 ND single18 1 0
Lürling 2003a cl4 toxic17, nontoxic single18 8 8
Lürling 2003b* cl4 toxic17, nontoxic single18 16 16
Lürling and van der Grinten 2003 cl4 toxic17, nontoxic single18 5 5
Nandini and Rao 1998 cl2,4,5,7,8, r10,11 ND single18, colonial18 32 32
Nandini et al. 2000 cl4 ND colonial18 2 2
Porter and Orcutt 1980 cl4 toxic14 single19, filament19 4 0
Repka 1996 cl4 toxic17 filament22 6 0
Repka 1997 cl4 toxic17 filament22 9 9
Repka 1998 cl4 toxic17 filament22 12 12
Rothhaupt 1991 r10 ND single18, filament19,21 8 5
Sartonov 1995 cl4, r12 nontoxic single18 4 4
Shurin and Dodson 1997 cl4 toxic17 single18 3 3
Smith and Gilbert 1995* cl4, r12 toxic17, nontoxic single18 18 17
Starkweather 1981 r10 nontoxic filament19 2 0
Starkweather and Kellar 1983 r10 toxic14 filament19 3 3
Weithoff and Walz 1995 r10 toxic17 filament22 10 10

Total 358 285
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Table A2. List of studies used in the secondary meta-analysis comparing r derived from survivorship curves, LT50 estimates, or
directly from papers for grazers fed treatment foods containing cyanobacteria and no food. Data types: survivor 5 survivorship curves,
LT50 5 LT50 estimates, and r 5 r provided in or calculated from paper. Grazer types: ana 5 anostracan [Genus 5 1Thamnocephalus], cl 5
cladoceran [Genera 5 2Bosmina, 3Ceriodaphnia, 4Daphnia, 5Moina, 6Moinadaphnia], cop 5 copepod [Genera 5 7Cyclops, 8Diaptomus,
9Eudiaptomus], and r 5 rotifer [Genus 5 10Brachionus]. Toxins analyzed and found to be present: 11anatoxin, 12cylindrospermopsin,
13deazaadenosine, 14glucopyranoside, 15microcystin, 16microviridin, 17paralytic shellfish toxin]. Morphology types: filament 5 filamentous
[Genera 5 18Anabaena, 19Aphanizomenon, 20Cylindrospermopsis], and single 5 single-celled [Genera 5 18Anabaena, 21Microcystis,
22Planktothrix]. ND 5 toxin presence not-determined by chemical analysis. * 5 studies employing toxic Microcystis PCC7820.

Studies Data type Grazer types
Cyanobacterial

toxicity
Cyanobacterial

morphology
Treatment

food – no food

Cecchine 1997 r r10 toxic15 single21 1
DeMott et al. 1991* survivor cl4, cop8 toxic15, nontoxic single21 12
Ferrão-Filho et al. 2000* survivor cl3,4,5,6 toxic15 single21 97
Fulton 1988* survivor cl2,4,5 toxic11,15 single21, filament18 8
Gilbert 1998 survivor cl4 toxic13,14 filament18 2
Henning et al. 1991 r cl4 toxic15, nontoxic single21 2
Henning et al. 2001 survivor cl4 toxic15, nontoxic single21 5
Kaebernick et al. 2001 survivor cl4 toxic15, nontoxic single21 4
Kurmayer and Jüttner 1999 survivor ana1, cl4, cop7,9 toxic15 single22 4
Lürling 2003a r cl4 toxic15, nontoxic single21 8
Matveev et al. 1994 survivor cl4 toxic15 single21 1
Nizan et al. 1986* survivor cl4 toxic15 single21 4
Nogueira et al. 2004a survivor cl4 toxic17 filament19 1
Nogueira et al. 2004b survivor cl4 toxic12, nontoxic filament20 2
Porter and Orcutt 1980 r cl4 toxic11 single18, filament18 4
Reinikainen et al. 1994* survivor cl4 toxic15 single21 48
Rohrlack et al. 1999a survivor cl4 toxic15, nontoxic single21 2
Rohrlack et al. 1999b LT50 cl4 toxic15, nontoxic single21 6
Rohrlack et al. 2001 LT50 cl4 toxic15, nontoxic single21 12
Rohrlack et al. 2004 survivor cl4 toxic16 single21 2
Smith and Gilbert 1995 r cl4 nontoxic single21 1
Thostrup and Christoffersen 1999 survivor cl4 toxic15 single21 1
van der Grinten et al. 2000 survivor cl4 toxic15, nontoxic single21 12

Total 239
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Table A3. Grazer genera included in the primary and secondary meta-analyses comparing r for grazers fed control foods comprised
of chlorophytes and/or flagellates and treatment diets containing cyanobacteria.

Meta-analysis Genera Grazer group No. species
Unweighted effect

size estimates

Primary Asplanchna rotifer 1 3
Primary Bosmina cladoceran 1 3
Primary Brachionus rotifer 2 50
Primary Ceriodaphnia cladoceran 2 34
Primary Chydoris cladoceran 1 2
Primary Daphnia cladoceran 10 200
Primary Hexarthra rotifer 1 4
Primary Keratella rotifer 3 19
Primary Moina cladoceran 2 27
Primary Moinadaphnia cladoceran 1 6
Primary Scapholeberis cladoceran 1 4
Primary Simocephalus cladoceran 1 4
Primary Synchaeta rotifer 1 2

Primary Total 27 358

Secondary Bosmina cladoceran 1 2
Secondary Brachionus rotifer 1 1
Secondary Ceriodaphnia cladoceran 1 16
Secondary Cyclops copepod 1 1
Secondary Daphnia cladoceran 8 164
Secondary Diaptomus copepod 1 4
Secondary Eudiaptomus copepod 1 1
Secondary Moina cladoceran 1 21
Secondary Moinadaphnia cladoceran 1 28
Secondary Thamnocephalus anostracan 1 1

Secondary Total 17 239

Table A4. List of excluded comparisons not used in the primary and secondary meta-analyses.

Meta-analysis Study Comparisons excluded Reason for exclusion

Primary Ahlgren et al. 1990 2 control r near or below 0
Primary Chen and Xie 2003 9 control r near or below 0
Primary Ferrão-Filho et al. 2000 4 unable to calculate treatment r
Primary Laurén-Määttä et al. 1997 4 control r near or below 0
Primary Lundstedt and Brett 1991 2 control r near or below 0
Primary Weithoff and Walz 1995 1 control r near or below 0

Primary Total 22

Secondary Arnold 1971 14 starvation r above 0

Secondary Total 14
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Figure A1. Frequency distribution of effect sizes for unweighted and weighted estimates of r comparisons for grazers fed control
foods composed of chlorophytes and/or flagellates and treatment foods containing cyanobacteria used in the primary meta-analysis.
Most effect sizes were calculated by using r estimates collected directly from the studies (white bars); however, a few r estimates were
calculated from survivorship data (black bars).

Figure A2. Control food population growth rates (mean 6 1 SE) for grazers used in the primary meta-analysis. Inset numbers
indicate sample size for each estimate where each control food growth rate estimate was used only once per study, even if multiple effect
size estimates incorporated the same control food growth rate estimate more than once.
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