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Introduction 
 
This paper provides a review of field studies on the environmental impact of barrier 
treatments against locusts. The objectives of the review were to: 
• evaluate the quality and the results of studies carried out to date concerning the 

environmental impact of barrier treatments against locusts; 
• compare the environmental impact of different insecticides used in barrier 

treatments; 
• assess, the environmental impact of barrier and full-cover applications of 

insecticides suitable for barrier treatments; 
• make recommendations on research and environmental monitoring activities that 

are needed to better understand the environmental impact of barrier treatments. 
 
It should be stressed that this review of field studies should not be considered a full risk 
assessment of the insecticides concerned. For the latter, an additional assessment of 
laboratory toxicity data and a more in-depth exposure evaluation would need to be 
carried out, which was outside the scope of this review. However, where relevant, 
reference is made to available risk reviews of the various chemicals.  
 
The report does not make any statements on the acceptability of the environmental 
effects that were identified. It attempts to provide information, evaluated in a critical 
manner, on the environmental impact observed in field studies with the various 
insecticides, so that decisions can be taken about the continued use of the insecticides or 
any further studies that need to be carried out. 
 
This review was originally prepared for the 9th Session of the FAO Pesticide Referee 
Group, which was held in October 2004 at FAO in Rome. The present version 
incorporates various studies which were not yet available at the time of the meeting. 
Furthermore, comments received following a second round of peer review were also 
taken into account. 
 
 

 
Insecticides reviewed 

 
The Pesticide Referee Group (PRG) field trials database (FAO, 2003) contained 16 
reports on efficacy trials of barrier treatments* (Table 1). These studies concerned four 
different insecticides: the benzoyl-ureas diflubenzuron, teflubenzuron, triflumuron and 
the phenyl pyrazole fipronil. No further trials on barrier treatments were submitted to the 
last (9th) PRG Meeting (FAO, 2004). 
 
Studies were available of the environmental side-effects of locust and grasshopper 
control in (sub-)tropical or hot (semi-)arid regions of the world for all four of the 
insecticides in Table 1, although the amount of data varied greatly among products. In 
this review, the environmental impact of both barrier treatments as well as of full cover, 
or blanket, treatments is evaluated. 
 

 

                                                
* In the PRG database, barrier treatments are defined as applications with a barrier spacing (between leading edges of spray 
tracks) being wider than three times the nominal barrier width 



 6 

Table 1 Studies of the efficacy of barrier treatments against locusts or grasshoppers listed in the Pesticide 
Referee Group insecticide trials database 

Insecticide Country Target locust PRG report  
code1 

Type of 
treatment2 

Barrier 
spacing 

(m) 

Diflubenzuron Madagascar Locusta migratoria capito 94-01 G 600 

 Madagascar Locusta migratoria capito 98-09 A 500 

 Kazakhstan Calliptamus italicus; mixed grasshoppers 98-10 G 140 & 380 

 Madagascar Locusta migratoria capito 99-42 A 500 

Fipronil Mauritania Schistocerca gregaria 96-05 A 770 & 1850 

 Madagascar Locusta migratoria capito 96-06 A 700 

 Madagascar Locusta migratoria capito 98-14 A 700 

 Morocco Dociostaurus maroccanus 99-07 G 50 

Teflubenzuron Madagascar Locusta migratoria capito 99-30 G n.r.3 

 Madagascar Locusta migratoria capito 99-31 G 200 

 Madagascar Locusta migratoria capito 99-32 G 1000 

Triflumuron Madagascar Locusta migratoria capito 93-02 A 300 

 Madagascar Locusta migratoria capito 98-05 G n.r. 

 Mauritania Schistocerca gregaria 98-06 G 100 

 Mauritania Schistocerca gregaria 98-08 A 1900 

 Madagascar Locusta migratoria capito 99-17 A 400 

1 Full references of these efficacy trial reports are not provided in the bibliography of this paper, unless the reports include 
data used for the environmental assessment. Full references can be found in the PRG database, or on its web site:  

 http://www.fao.org/ag/locusts/oldsite/FAOPGR/reportlist.asp  
2  Type of treatment: G = ground treatment, A = aerial treatment;  3 n.r. = not reported 

 
 

Tables 2 – 5 provide general information on the studies that were included in the review. 
Only field studies were assessed; the results of laboratory toxicity tests and bioassays 
were not explicitly evaluated. 
 
Whenever several reports existed about the same study, the most recent (published and/or 
peer-reviewed) one was as a rule included in the review, unless earlier versions contained 
data that were not reported in the final version. In that case data from earlier reports were 
also evaluated. The only exception is the report by Tingle & McWilliam (1999) on a 
study carried out in Madagascar in 1998. A more recent publication of this work exists in 
Zehrer (2001), but contains many printing errors and was therefore not used; instead, the 
1999 technical report was used. 
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Table 2 Reports of field studies on the environmental impact of locust or grasshopper control with 
diflubenzuron that were reviewed. 

Year of Country Locality Author 

study public.1 

Organisms studied Study 
#2 

Environmental impact of barrier treatments 

Madagascar 
Beamalo3 

Antanimieva 
Tingle  

1993 

1994 
1996 Terrestrial arthropods 

9 

10 

Madagascar 
Beamalo3 

Antanimieva 
Tingle  [complementing 
Tingle 1996] 

1993 

1994 
1997a Spiders 

9 

10 

Madagascar 
Beamalo3 

Antanimieva 
Tingle  [complementing 
Tingle 1996] 

1993 

1994 
1997b Terrestrial arthropods 

9 

10 

Madagascar Antanimieva 
Tingle  [complementing 
Tingle 1996] 1994 unp.-14 Terrestrial arthropods 10 

Madagascar 
Beamalo3 

Antanimieva 
Tingle  [complementing 
Tingle 1996] 

1993 

1994 
unp.-24 Terrestrial arthropods 

9 

10 

Senegal Sadio CERES 2004 2005 Terrestrial arthropods 27 

Environmental impact of “reduced agent area treatments” (RAAT)† 

Kazakhstan Stepnyak Childebaev 2002 2002 Terrestrial insects & spiders 23 

Environmental impact of blanket treatments 

Kazakhstan Stepnyak Childebaev 2002 2002 Birds 23 

Kazakhstan 
Pavlodar 
Oblast Childebaev 2002 2002 Aquatic fauna 24 

Senegal Richard Toll Van der Valk 1989 1990 Terrestrial arthropods 1 

Senegal Richard Toll Lahr & Banister 1989 1997 
Fish & aquatic 
macroinvertebrates 

2 

Senegal Richard Toll Van der Valk et al. 1992 1997 Termites & ants 7 

Senegal Nioro du Rip Lahr et al. 1991 2000b Aquatic macroinvertebrates 4 

Senegal Nioro du Rip Van der Valk & Kamara 1991 1993 Terrestrial arthropods 5 

Senegal Nioro du Rip Kamara & Van der Valk 1992 1995 Terrestrial arthropods 6 

South Africa 
Hanover 
District 

Van der Westhuizen & Roux 1996 1998 
Flora & terrestrial 
arthropods 

16 

1  Year of publication. 
2  Number of each individual field study, as listed in Annex 1. 
3  Pesticide application data were used as reported by Cooper et al. (1995). 
4  unp. = unpublished 

 
 
 

                                                
† In the PRG database, RAAT treatments are defined as applications with a “barrier” spacing (between leading edges of spray 
tracks) less or equal than three times the nominal barrier width. 
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Table 3 Reports of field studies on the environmental impact of locust or grasshopper control with 
teflubenzuron that were reviewed. 

Year of Country Locality Author 

study public.1 

Organisms studied Study 
#2 

Environmental impact of blanket treatments 

Mali Gori Banda Krokene 1989 1993 Terrestrial arthropods 3 

1  Year of publication. 
2  Number of each individual field study, as listed in Annex 1. 

 
 
 
Table 4 Reports of field studies on the environmental impact of locust or grasshopper control with 

triflumuron that were reviewed. 

Year of Country Locality Author 

study public.1 

Organisms studied Study 
#2 

Environmental impact of barrier treatments 

Tingle & McWilliam 1999 
Terrestrial arthropods, birds, 
mammals, lizards 

Raivoarinjanahary 2001 Birds 

Rafanomezana & 
Rafanomezantsoa 2001a Spiders, flies & butterflies 

Randimbison 2001 Lizards 

Raveloson 2001a Hymenoptera 

Rafanomezana & 
Rafanomezantsoa 

2001b Termites 

Rafanomezana 2001c Termites 

Tingle & Rahamefiarisoa 2001 Diptera 

Madagascar Ankazoabo 

Peveling et al. 

1998 

2003 
Termites & other terrestrial 
arthropods 

19 

Environmental impact of blanket treatments 

Madagascar 
Besatra 

Itambono 
Peveling et al. 

1994 

1995 
1999 Terrestrial arthropods 

11 

13 

Madagascar Itambono 
Peveling & 
Rafanomezantsoa 

1995 2001 Lizards 13 

Madagascar Besatra 
Ostermann 

[additional to Peveling et al. 
1999] 

1994 1997 Terrestrial arthropods 11 

Mauritania Akjoujt Peveling et al. 1992 1997 Spiders 8 

1  Year of publication. 
2  Number of each individual field study, as listed in Annex 1. 
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Table 5 Reports of field studies on the environmental impact of locust or grasshopper control with fipronil 
that were reviewed. 

Year of Country Locality Author 

study public.1 

Organisms studied Study 
#2 

Environmental impact of barrier treatments 

Tingle & McWilliam 1999 
Terrestrial arthropods, 
birds, mammals, lizards 

Raivoarinjanahary 2001 Birds 

Rafanomezana & 
Rafanomezantsoa 

2001a Spiders, flies & butterflies 

Rakotondravelo 2001 Tenrec 

Randimbison 2001 Lizards 

Raveloson 2001a Hymenoptera 

Rafanomezana & 
Rafanomezantsoa 

2001b Termites 

Rafanomezana 2001c Termites 

Tingle & Rahamefiarisoa 2001 Diptera 

Madagascar Ankazoabo 

Peveling et al. 

1998 

2003 
Termites & other 
terrestrial arthropods 

19 

Senegal Sadio CERES 2004 2005 Terrestrial arthropods 27 

Environmental impact of “reduced agent area treatments” (RAAT) 

Kazakhstan Stepnyak Childebaev 2002 2002 Terrestrial arthropods 23 

Russia Ust-Ordynsky Sokolov 1997 2000 Terrestrial arthropods 26 

Environmental impact of blanket treatments 

Australia Flinders Ranges AEPA 2000 2001 Aquatic invertebrates 25 

Kazakhstan Stepnyak Childebaev 2002 2002 Birds 23 

Kazakhstan Pavlodar Oblast Childebaev 2002 2002 Aquatic fauna 24 

Madagascar Ampoza Rafanomezana 1999 2001a Termites 20 

Rafanomezana 2001b&c Termites 

Rakotondramasy 2001a Small mammals 

Rakotondramasy 2001b Reptiles 

Rafanomezantsoa 2001 Terrestrial arthropods 

Madagascar Ankazoabo 

Raveloson 

1999 

2001b Terrestrial arthropods 

21 

2001 
As below & aquatic 
macro-invertebrates 

Madagascar Malaimbandy Peveling et al. 2000 

2003 
Termites, terrestrial 
arthropods, tenrecs & 
reptiles 

22 

Rachadi et al. 1995 

Mauritania Grârat el Frass Balança & de Visscher   
[= part of Rachadi et al., 
1995] 

1994 
1997a 

Terrestrial arthropods 12 

Morocco Dakhla Mouhim et al. 1995 1996a 
Terrestrial arthropods, 
birds (& mammals) 

14 

Morocco Mhirija Mouhim et al. 1996 1996b Terrestrial arthropods 17 

Niger Banizoumbou Balança & de Visscher 1995 1997b Terrestrial arthropods 15 

Senegal Fété-Olé Danfa et al. 1996 2000 Terrestrial arthropods 18 
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Year of Country Locality Author 

study public.1 

Organisms studied Study 
#2 

South Africa Hanover District 
Van der Westhuizen & 
Roux 

1996 1998 
Flora & terrestrial 
arthropods 

16 

1  Year of publication. 
2  Number of each individual field study, as listed in Annex 1. 

 
 
 
Defining barrier treatments 

 
A barrier treatment in locust control is generally understood to be an insecticide 
application in a relatively narrow strip of vegetation (the “barrier”), in between which 
wider strips of land/vegetation remain untreated. Barrier treatments are targeted mainly 
against nymphs (hoppers). While moving through the treated area, locust hopper bands 
are likely to cross a barrier where they will accumulate a lethal dose of the insecticide. 
 
No standard application method presently exists for barrier treatments, and both the 
barrier width and spacing have varied greatly in the past (see Wilps, 2004, for an 
overview). The PRG presently recommends a nominal barrier width of 100 m and a track 
spacing of 700 m for the control of Desert Locust hoppers (FAO, 2004), although wider 
track spacing may be possible (FAO, 1999, 2004). 
 
In the field trials database of the PRG any treatment with a ratio between barrier width 
and track spacing larger than 1:3 is classified as a barrier treatment; treatments with a 
ratio less or equal to 1:3 are referred to as RAAT (reduced agent area treatment); and 
drift applications with greatly overlapping swaths are considered full cover or blanket 
treatments. This classification is rather pragmatic, however, and in practice there is more 
of a continuum between real barrier treatments and blanket treatments (see below). 

 
 
 
Exposure assessment 

 
The magnitude of exposure of a population of non-target organisms to insecticides 
applied as a barrier treatment depends on three factors: 
i. the fraction of the biotope containing an insecticide spray deposit at levels that 

may cause an effect; 
ii. the (initial) amount of insecticide in that area; and 
iii. the duration of exposure of the organisms to levels of the insecticide that may 

cause an effect. 
 
Sprayed area 
 
Pesticide applications for locust control are generally done by drift spraying of ultra low 
volume insecticide formulations, in which the wind ensures impaction of very small 
insecticide droplets on the, often sparse, vegetation. Drift spraying results in insecticide 
treated swaths that are generally wider than in other agricultural treatments with 
relatively coarse pesticide droplets. The effective width of such a swath depends on the 
droplet spectrum produced by the atomizer, emission height, wind speed and the amount 
of air turbulence (Dobson, 2001). 
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From an environmental point of view, the great potential advantage of barrier 
applications is that they may result in areas between barriers which are not, or only to a 
limited extent, treated with the insecticide. The degree of environmental benefit that a 
barrier treatment has over a full cover treatment is therefore determined to a large extent 
by the ratio between the barrier spacing and the width of the swath over which a toxic 
insecticide deposit is found. 
 
Only few field studies of (barrier) treatments against locusts have quantified the 
downwind drift of insecticide droplets (Annex 6). Most of these studies carried out 
insecticide droplet density assessments on oil-sensitive papers. However, such 
assessments are not necessarily a good representation of the actual deposits of the 
insecticide on vegetation. This is because droplets impact with a different efficacy on oil-
sensitive papers than on vegetation. Wide papers, or those which are placed horizontally, 
may underestimate actual insecticide deposition. Moreover, as small droplets drift much 
further than large ones, but contain much less insecticide, droplet density as such does 
not represent the quantity of insecticide deposited.  
 
Aerial treatments 
The three aerial treatments for which data were available resulted in different ranges of 
downwind drift (Annex 6). Based on these data, it appears that at a flying height of about 
10 m, considerable amounts of insecticide may drift 400 – 900 m downwind from the 
emission point. No insecticide residue levels were measured in any of these studies, 
however, to quantify the magnitude of this drift. 
 
Hooper and French (1998) found that results from the FSCBG spray drift model 
correlated well with actual deposits of fenitrothion, aerially applied for locust control in 
Australia. According to this model, a typical single spray run at 10 m height, 3 m/s cross 
wind and ~80 µm VMD produces an insecticide deposition peak at ~50 m downwind 
from the aircraft, still shows a deposition level of about 25% of this peak at ~200 m, and 
results in negligible pesticide deposition as of ~600 m downwind. Approximately 75% of 
the total deposited pesticide is found within the first 200 m downwind of the spray 
aircraft. 
 
Wilps (2004) also provides swath width estimates of aerial treatments, partly based on 
confidential data from the application equipment industry. At a droplet spectrum of 30 – 
110 µm, swath widths would range from 540 – 2900 m, depending on wind speed (1 – 7 
m/s) and flying height (5 – 20 m). The author did not define swath width, but it was 
presumed that this is the area in which any insecticide/droplets are found. 
 
Ground treatments 
Limited data were available for ground treatments. Studies by Lahr et al. (2000a) show 
that insecticide deposits drop below 10% of the peak levels at about 50 – 70 m. This 
corresponds reasonably well with the studies assessing droplet densities for the same type 
of equipment. 
 
FAO (1995) tested a range of different ground spray equipment. In these trials, wind 
speed ranged from 4 – 6 m/s, emission height from 1.5 – 2.8 m and droplet VMD from 
44 – 141 µm. Under these conditions, swath widths (defined as the area with droplet 
densities of ≥ 10% of the maximum level) ranged from 20 – 70 m. 
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Initial residues 
 
Studies on the initial deposit and the subsequent degradation of insecticides applied for 
locust or grasshopper control were only available for diflubenzuron and fipronil. The 
various studies are summarized in Table 6. For the purpose of this review, initial residues 
are defined as the insecticide levels measured up to a maximum of 2 hours after 
treatment. 
 

 
Table 6 Studies on initial insecticide deposits and subsequent degradation following locust and grasshopper 

control 

Study1 Country Appl.2 Rate3 

(g a.i./ha) 

Substrate4 Weight 
basis5 

Remarks 

Diflubenzuron 

R-i Senegal A 38 & 83 Unspecified vegetation Dry  

R-ii Senegal G 49 – 120 
Millet leaves, Boscia 
senegalensis shrub 
leaves, pond water 

Wet  

R-iii Senegal G 61 – 111 
Millet leaves, Tribulus 
terrestris plants, soil 

Wet  

R-iv Mali n.r.6 63 Grasses Dry 
Data taken from graph; average 
values of 3 treatments. 

Fipronil 

R-v Mauritania G 11 Unspecified vegetation n.r. 
Residues were presumed to have 
been reported on dry-weight basis. 

R-vi Senegal G 8.3 – 15 
Millet leaves, grasses, 
soil, dry leaf litter 

Wet  

R-vii Niger G 8 Soil Dry Data taken from graph. 

R-viii Madagascar A 4 
Grass (Heteropogon 
contortus) Dry 

Data not included in Fig. 1b since 
quality of analysis uncertain. 

1  Studies: R-i = Ciss & Niane (1990);  R-ii = Gadji (1993a), Lahr et al. (2000a);  R-iii = Gadji (1993b);  R-iv = Scherer & 
Celestin (1997);  R-v = Muller (1995);  R-vi = Gadji et al. (1997);  R-vii = Bobé et al. (1998);  R-viii = Peveling et al. 
(2001) 

2  A = aerial application, G = ground application. 
3  (Range of) application rate(s). 
4  Type of substrate on which insecticide residues were measured. 
5 Residues measured as dry or wet weight of substrate. 
6  n.r. = not reported 

 
 
 
Initial residues are very variable for diflubenzuron and there is no significant correlation 
between application rate and residue levels (P > 0.10 in all cases) (Figure 1a). The PRG 
presently recommends an application rate of 100 g a.i./ha of diflubenzuron within the 
barrier (FAO, 2004). Based on the data in Figure 1a, a reasonable maximum initial 
residue level at such an application rate is 72 mg/kg dry weight (since no regression 
extrapolation could be made, the 95th-percentile estimate of initial residues at application 
rates ranging from 80 – 120 g a.i/ha was used as an estimator). 
 
There is a significant correlation between initial residues of fipronil and application rate, 
all types of vegetation combined (Figure 1b: r = 0.68, n = 8, P = 0.051). At the 
application rate recommended for fipronil by the PRG of 4.2 g a.i./ha within the barrier 
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(FAO, 2004), a reasonable maximum initial residue level is 3.9 mg/kg dry weight 
(regression extrapolation using highest 95% confidence interval estimator of the slope). 
 
A comparison was also made between the measured initial residues and estimated 
residues based on the Fletcher/Kenaga nomogram (Fletcher et al., 1994). This is a widely 
used model estimating initial residues on various types of vegetation intended for 
(wildlife) risk assessment. Calculations were done using the FAO-TEAM computer 
model, which incorporates the Fletcher/Kenaga dataset (FAO, 2002). 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Initial residues of (a) diflubenzuron and (b) fipronil on various types of vegetation following 

(simulated) locust or grasshopper control at different application rates. Lines are predicted residue 
levels (95th-percentiles) based on the Fletcher/Kenaga nomogram.  

 
 

 
Figure 1 shows that residues levels actually measured on vegetation after insecticide 
applications for locust control are often considerably higher than those predicted by the 
model. The 95th-percentile values of measured residues of diflubenzuron and fipronil are 
about 2.0 and 3.5 times the predicted ones, respectively. This can be partly explained by 
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the high application efficiency of ULV drift spraying, since most of the data in the 
Fletcher/Kenaga dataset are of more traditional (high volume) spraying techniques. 
Moreover, the (semi-)arid grasslands where locust control is carried out tend to have 
lower biomass than temperate regions where most of the Fletcher/Kenaga data were 
collected. 
 
Less data are available for initial residue levels in soil, water or on leaf litter (Table 7).  

 
 
Table 7 Initial residue levels of diflubenzuron and fipronil in soil, water and leaf litter following locust and 

grasshopper control 

Substrate Study1 Rate2  

g a.i./ha 

Initial residue level3 
(mg/kg dry weight) 

Remarks 

Diflubenzuron 

Soil R-iii 60 – 110 1.4 – 9.8 in top 4 cm 

Pond water R-ii 60 – 105 0.004 – 0.018 (=mg/L) 

Fipronil 

Soil R-vi 8.9 – 12.5  0.0036 – 0.0047 in top 4 cm 

Soil R-vii 8.0 0.0023 in top 10 cm 

Dry leaf litter R-vi 8.9 – 12.5 0.23 – 0.66  

1  Study references as in Table 6. 
2 (Range of) application rate(s). 
3  (Range of) residue levels measured within 2 hours after treatment. 

 
 
 
Residue degradation 
 
Insecticide degradation rates under locust control conditions in Africa were only 
available for diflubenzuron and fipronil. Insecticide half-lives were calculated based on 
either a first-order exponential or, if this was not statistically significant, a logarithmic 
degradation process. The results of these exercises are summarized in Table 8. 
 
The median half-life of fipronil (parent compound) on vegetation is about two days. If 
one includes the two toxic metabolites (the desulfinyl photo-metabolite and the sulfone 
metabolite), a half-life of about 7 days is reached. This is similar to the one measured for 
diflubenzuron on vegetation. 
 
The median half-life of fipronil on dry leaf litter is about 6 days. It appears that the parent 
compound is more stable on this matrix than it is on vegetation, with especially the 
photo-metabolite having been formed less. 

 
In soil, the fipronil parent compound has a median half-life of about 9 days while total 
fipronil residues are degraded by 50% in 15 days. The predominant metabolite being 
formed in soil is the sulfone. Diflubenzuron degrades faster in soil than fipronil, with a 
median half-life of approximately 4 days. 
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Table 8 Half-lives of diflubenzuron and fipronil on vegetation and in soil following locust and grasshopper 
control in Africa 

Number of data sets Half-life (days) Substrate/ 

Insecticide 

Study1 

 total 1st order 
exponential 

model2 

logarithmic 
model2 

range median value 

Vegetation      

Diflubenzuron R-i, R-ii, R-iii, R-iv 10 6 2 3.6 –13 (87)3  6.6 (6.9)3 

Fipronil (parent) R-vi 6 5 1 1.7 – 6.9 2.2 

Fipronil (total)4 R-vi 6 2 4 4.4 – 9  7.5 

Dry leaf litter      

Fipronil (parent) R-vi 2 1 0 -- 5.9 

Fipronil (total)4 R-vi 2 1 0 -- 5.8 

Soil      

Diflubenzuron R-iii 6 0 3 4.3 – 6.2 4.3 

Fipronil (parent) R-vi, R-vii 4 0 4 7.4 – 29 8.5 

Fipronil (total)4 R-vi, R-vii 4 1 3 9.5 – 20 15 

1  Study references as in Table 6. 
2  Significant fit of the data to this model at P < 0.05. 
3  Value in brackets includes an outlier value in the data set. 
4  Total fipronil residues = fipronil parent compound + the toxic metabolites MB46136 & MB46513 

 
 

 
Field studies of environmental impact 

 
Terrestrial arthropods 
 
A considerable number of studies have been carried out on the impact of the four 
insecticides on non-target terrestrial arthropods. However, since the results of several of 
the studies were not analyzed or reported in an appropriate manner, only a limited 
fraction of the available data could be used for this review. The following criteria were 
applied to decide whether study results were to be included in the evaluation: 
a. An appropriate statistical test was used to assess if the observed effects could be 

attributed to the treatment; 
and/or 

b. The effect size was quantified by the study author(s), or could be quantified by the 
reviewer without having to resort to time-consuming calculations (e.g. taken from 
graphs showing control-corrected impact of a treatment); 
and/or 

c. Time to recovery was quantified. 
 
Criterion a. always had to be met for the data to be included in the evaluation. The only 
exception to this rule were cases where large effect sizes (>95%) were measured which, 
based on perusal of the graphs or data sets, very likely would be statistically significant 
had a statistical test been carried out. 
 
Criteria b. and c. were required for any analysis of data regarding effect size or duration. 
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Table 9 shows the number of studies on terrestrial arthropods that were retained for the 
review. Out of the 32 studies (= insecticide/location combinations) listed in Tables 2 
through 5, 18 were entirely or partially retained. The results of the other 14 could not be 
interpreted properly, generally because reporting was insufficient. 
 

 
Table 9 Number of studies carried out on the impact of insecticides on terrestrial arthropods, and number 

retained for the review. 

# Studies retained Insecticide # Studies carried out1 

entirely partially2 

For comments on each 
study see: 

Diflubenzuron 12 4 2 Annexes 2A & 2B 

Teflubenzuron 1 0 0 Annexes 3A & 3B 

Triflumuron 4 3 1 Annexes 4A & 4B 

Fipronil 14 5 3 Annexes 5A & 5B 

1 See Tables 2, 3, 4 & 5. 
2 Only part of the data set produced by the study could be used for the evaluation. 

 
 
 
The data sets were analyzed in two different ways. In the first assessment, the fraction of 
all taxa of terrestrial arthropods that was affected in a statistically significant way was 
calculated. This includes all effects (both positive and negative changes) that were 
significant at or below the 10% probability level, as well as any large effects (>95%) for 
which no statistical analysis was carried out. 
 
Whenever possible, the effect of application rate and plot size was taken into account. 
For the latter, results from barrier treatments were combined with results from blanket 
sprays on small plots (up to about 6 ha). This was done because aerially applied barriers 
are generally at least 200 – 250 m wide and these small plots can thus be seen as a 
“section out of a barrier”. Insecticide effects observed in small plots would therefore be 
similar to, or less severe than, those observed within a sprayed barrier. 
 
 

Table 10 Criteria for classification of the severity of insecticide impact on non-target beneficial arthropods, 
as applied in this review. 

Effect classification Effect size  Effect duration1 

Low impact <25% population or activity 
reduction2 

and/or recovery within 1 month3 

Moderate impact 25-75% population or activity 
reduction2 

and/or recovery within 1 year3 

Severe impact >75% population or activity 
reduction2 

and recovery not within 1 year4 

1   Recovery is defined as return to a statistically non-significant difference between treated and control 
populations. 

2  As suggested by the PRG (FAO, 1999). 
3  Defined by the reviewer. 
4  As suggested by the ESCORT-2 meeting (Candolfi et al., 2001). 
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The second assessment looks in more detail at those taxa that are moderately or severely 
affected by the insecticides. Impact levels on terrestrial arthropods were defined as in 
Table 10, which is in part based on the criteria adopted by the Pesticide Referee Group 
(FAO, 1999) and more recent recommendations by ESCORT-2 (Candolfi et al., 2001). 
Note that in this classification the speed of recovery carries considerably more weight 
than the effect size as such. For instance, a 100% reduction in relative abundance of a 
taxon is still considered “low impact” as long as recovery takes place within a month 
after onset of the effect. 
 
Diflubenzuron 
 
Data for 104 arthropod taxa or effect parameters were available for diflubenzuron (see 
Annex 2C for details). In 29% of the cases, application of the insecticide resulted in a 
statistically significant or large effect (Table 11), the majority of these being adverse. The 
fraction of affected taxa did not appear to be much influenced by plot size or application 
rate. 
 
The severity of the effect could be classified for 99 arthropod taxa and effect parameters 
(Table 12). Only 2 taxa were classified as severely affected: The end-of-season chrysalid 
population of the lepidopteran millet pest Heliocheilus albipunctella, and its 
hymenopteran parasitoid Copidosoma sp. While the first is in principle a non-target side-
effect of locust control, many farmers in West Africa would not consider it adverse (quite 
the contrary, actually). The parasitoid population is dependent on its host, so the decline 
in Copidosoma levels is not surprising. 
 
The taxa that were moderately affected by diflubenzuron, include certain spiders, several 
parasitoid Hymenoptera, Lepidoptera larvae and non-target acridids. 
 
The effects observed on the spider taxa did not always occur; only in 20% of the 
available spider data sets was an effect observed. The others did not show a statistically 
significant impact. Similarly, only a few parasitoid wasp taxa were adversely affected. Of 
all hymenopteran data sets available, 14% were moderately affected. Since all these were 
parasitic wasps, it is possible that the population reductions were caused indirectly, 
through an effect of the IGR on their larval hosts. Indeed, Lepidoptera larvae were one of 
the key taxa moderately affected by the insecticide.  
 
There is no clear indication that higher application rates and larger plots resulted in a 
larger fraction of terrestrial arthropods being more severely affected. This is obviously 
only valid for the range of dose rates and plots sizes evaluated in this review. 
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Table 11 Overall fraction of terrestrial arthropod taxa and effect parameters affected by diflubenzuron, 
triflumuron and fipronil, for various insecticide treatment situations. 

Insecticide treatment situation Data fields1 

Insecticide total# effect2 no effect 

Diflubenzuron    

All studies 104 29% 71% 

All high application rates (83 – 105 g a.i./ha) 63 27% 73% 

All low application rates (38 – 61 g a.i./ha) 41 32% 68% 

Blanket treatments of large plots 29 28% 72% 

Barrier treatments and blanket treatments of small plots 75 29% 71% 

 Barrier/small plots – low application rates 27 41% 59% 

 Barrier/small plots – high application rates 48 23% 77% 

Triflumuron    

All studies 130 34% 66% 

All high application rates (50 – 100 g a.i./ha) 24 42% 58% 

All low application rates (25 – 34 g a.i./ha) 106 32% 68% 

Blanket treatments of large plots 68 31% 69% 

Barrier treatments and blanket treatments of small plots 62 37% 63% 

 Barrier/small plots no rate distinction possible 

Fipronil    

All studies 148 62% 38% 

All high application rates (7.7 – 13.4 g a.i./ha) 37 92% 8% 

All low application rates (1.0 – 4.3 g a.i./ha) 111 52% 48% 

Blanket treatments of large plots 71 77% 23% 

Barrier treatments and blanket treatments of small plots 77 48% 52% 

 Barrier/small plots – low application rates 58 36% 64% 

 Barrier/small plots – high application rates 19 84% 16% 

1   A data field is a taxon (order, family, species, etc.) or an effect parameter (e.g. termite colony mortality). 
The same data field (e.g. family X) may have been evaluated in several studies, and will then also appear 
several times in the above analysis. 

2  All statistically significant effects, as well as >95% impact cases without statistical analysis, are included, 
irrespective of their severity. 

 
 
Teflubenzuron 
 
The results of the one study available on the impact of teflubenzuron on terrestrial 
arthropods could not be further analysed due to the inappropriate statistical methods that 
were used (see Annex 3B). 
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Table 12 Severity of adverse effects of diflubenzuron, triflumuron and fipronil on terrestrial arthropod taxa 
and effect parameters. 

Insecticide treatment situation Severity of adverse effects 

fraction of data fields in each severity class1 

Insecticide total# low moderate severe 

Diflubenzuron     

All data fields 101 85% 13% 2% 

All high application rates (83 – 105 g a.i./ha) 60 85% 15% 0% 

All low application rates (38 – 61 g a.i./ha) 41 85% 10% 5% 

Blanket treatments of large plots 29 79% 21% 0% 

Barrier treatments and blanket treatments of small plots 72 87% 10% 3% 

Triflumuron     

All data fields 127 75% 22% 3% 

All high application rates (50 – 100  g a.i./ha) 22 68% 14% 18% 

All low application rates (25 – 34 g a.i./ha) 105 76% 24% 0% 

Blanket treatments of large plots  65 80% 14% 6% 

Barrier treatments and blanket treatments of small plots 62 69% 31% 0% 

Fipronil     

All data fields 138 54% 35% 11% 

All high application rates (7.7 – 13.4 g a.i./ha) 36 33% 50% 17% 

All low application rates (1.0 – 4.3 g a.i./ha) 102 62% 29% 9% 

Blanket treatments of large plots 67 37% 52% 11% 

Barrier treatments and blanket treatments of small plots 71 70% 18% 11% 

1  See Table 10 for the classification of the severity of effects 

 
 
 
Triflumuron 
 
Data for a 130 arthropod taxa or effect parameters were available for triflumuron (see 
Annex 4C for details). In 34% of the cases, application of the insecticide resulted in a 
statistically significant or a large effect (Table 11), almost all of which were adverse. Plot 
size did not appear to influence the fraction of affected taxa much. There was an 
indication that higher dose rates resulted in slightly more taxa being adversely affected. 
 
For 127 arthropod taxa and effect parameters the severity of the effect could be classified 
(Table 12). Four data sets were classified as severely affected: Populations of the spider 
family Araneidae were severely depressed after treatments with 50 g a.i./ha, as monitored 
both by pitfall traps and sweep netting. This adverse impact of triflumuron was 
confirmed in another study at the same dose rate, when the Araneidae were moderately 
affected. At the lower rate of 34 g a.i./ha, no significant effects were observed on the 
same group. Orthoptera were severely affected in one study. This effect did not appear to 
be generalized since only moderate or low impact was observed in other studies at 
similar rates. Heteroptera were similarly severely affected in one study, but not in several 
others. 
 
The taxa that were moderately affected by triflumuron included several families and 
species of spiders, a limited number of taxa among the Coleoptera, Hymenoptera, 
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Diptera, Lepidoptera and Orthoptera. In all the above groups, the majority of taxa that 
were monitored were not adversely affected by triflumuron. 
 
There is an indication that higher application rates and larger plots result in a larger 
fraction of terrestrial arthropods being more severely affected. However, this correlation 
should be considered weak, as it is not supported by a similar effect in the low and 
moderate impact classes. 
 
Fipronil 
 
Data for 148 arthropod taxa or effect parameters were available for fipronil (see Annex 
5C for details). In 62% of the cases, application of the insecticide resulted in a 
statistically significant, or a large, effect (Table 11), almost all of which were adverse. 
Both increases in plot size as well as application rate resulted in a considerably larger 
fraction of the taxa being affected by fipronil. 
 
For 138 arthropod taxa and effect parameters the severity of the effect could be classified 
(Table 12). Fifteen data sets were classified as severely affected by fipronil. This 
included almost all data on termites. Soil mites were affected for a year after treatment. 
Ant activity was severely reduced at almost all high dose rate applications, but not at low 
rates. Furthermore, a limited fraction of the spider and grasshopper taxa were severely 
affected. 
 
A wide range of taxa was moderately affected. 
 
Lower application rates and smaller plots clearly resulted in a larger fraction of the taxa 
being found in the low impact class.  
 
Birds 
 
Diflubenzuron 
 
Only one study assessed the impact on birds by diflubenzuron, sprayed as a blanket 
treatment at 20-40 g a.i./ha (study #23 – Childebaev, 2002). Plots were not replicated. 
Plot size (100 ha) was large enough to evaluate impact on relatively sedentary birds, but 
inter-plot distances were less than 500 m which would have allowed bird movement 
between different treatments. Monitoring continued for 6 weeks after treatment. 
 
The sky lark (Alauda arvensis), by far the most dominant species in the diflubenzuron 
plot, did not appear to be affected by the insecticide, even though its diet contains insects. 
Other species were not observed in sufficient number to allow an effect assessment. Most 
of the young sky larks had fledged by the time of treatment, so a possible effect of the 
insecticide on juveniles could not be assessed. 
 
Teflubenzuron 
 
No studies were available on the impact of locust control with teflubenzuron on birds 
 
Triflumuron 
 
One study assessed the impact on birds of triflumuron, sprayed as a barrier treatment at 
30 g a.i./ha (within the barrier) (study #19 – Tingle & McWilliam, 1999; Raivoarinjana-
hary, 2001). Plots were not replicated, but the plot size (6500 ha) was large enough to 
evaluate insecticide impact on birds. Monitoring continued for one year after treatment. 
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Triflumuron did not appear to negatively affect total bird counts, and those of the two 
dominant insectivorous species, the Madagascar bush lark (Mirafra hova) and the 
Madagascar cisticola (Cisticola cherina). No clear evidence of a treatment effect was 
found for the less abundant Madagascar bee-eater (Merops superciliosus), the 
Madagascar kestrel (Falco newtoni) and the Madagascar buttonquail (Turnix nigricollis). 
 
Fipronil 
 
Three studies looked into the possible impact of fipronil on birds: 
 
Childebaev (2002 – study #23) assessed the effect of fipronil sprayed as an irregular 
blanket treatment at 4-8 g a.i./ha. Plots were not replicated. Plot size (100 ha) was large 
enough to evaluate impact on relatively sedentary birds, but inter-plot distances were less 
than 500 m which would have allowed bird movement between different treatments. 
Monitoring continued for 6 weeks after treatment. 
 
Total bird counts were depressed by approximately 50% for a period of 1 month in the 
fipronil plot when compared to its untreated control. This decline appeared to be fairly 
generalized, since the dominant bird species, the sky lark (Alauda arvensis), but also the 
other more abundant species, the stonechat (Saxicola torquata), the wagtail (Motacilla 
flava) and the warbler (Hippolais caligata)) all contributed to it. 
 
High fipronil residues were measured in several bird specimens, but the reported residue 
patterns, and insufficient reporting on sampling and sample treatment, do not exclude 
that contamination between samples may have occurred. 
 
Mouhim et al. (1996a – study #14) assessed the effect on bird counts of a blanket 
application of fipronil, sprayed at 7.7 g a.i./ha, on a single 31 ha plot. They concluded 
that there was no significant adverse effect on total bird counts for three weeks after 
treatment (the sampling duration). No details were provided in the report, however. 
 
And finally, a barrier treatment with fipronil sprayed at 4.3 g a.i./ha (within the barrier) 
was studied by Tingle & McWilliam (1999) and Raivoarinjanahary (2001) (study #19). 
Plots were not replicated, but the plot size (4500 ha) was large enough to evaluate 
insecticide impact on birds. Monitoring continued for one year after treatment. 
Fipronil did not appear to negatively affect total bird counts, and those of the two 
dominant insectivorous species, the Madagascar bush lark (Mirafra hova) and the 
Madagascar cisticola (Cisticola cherina). The Madagascar bee-eater (Merops 
superciliosus) appeared to be affected by fipronil for a period of about 4 months, after 
which recovery seemed to occur. The lack of appropriate statistical analysis precludes a 
more precise assessment. There was no clear indication of an adverse effect for the 
Madagascar kestrel (Falco newtoni) and the Madagascar buttonquail (Turnix nigricollis). 
 
Mammals 
 
Diflubenzuron, teflubenzuron 
 
No studies were available on the impact of locust control with diflubenzuron or 
teflubenzuron on terrestrial mammals. 
 
Triflumuron 
 
One study assessed the impact of triflumuron on small mammals, when sprayed as a 
barrier treatment at 30 g a.i./ha (within the barrier) (study #19 – Tingle & McWilliam, 
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1999). Plots size was 6500 ha, and it was not replicated. Monitoring continued for four 
months after treatment. 
 
Catches were dominated by the lesser hedgehog tenrec (Echinops telfairi). No decline in 
the presence of this species was observed in the plot treated with triflumuron, but 
numbers caught were low. An apparent increase in recaptures was recorded which, 
according to the authors, may have been caused by a greater attraction to the baited traps 
after a reduction in insect prey in the plots. This, however, was not confirmed. 
 
Fipronil 
 
Several studies evaluated the potential impact of fipronil on small terrestrial mammals, 
most of them in Madagascar. 
 
Tingle & McWilliam (1999) and Rakotondravelo (2001) (study #19) assessed the impact 
of fipronil, sprayed as a barrier treatment at 4.3 g a.i./ha (within the barrier) on small 
mammals. Plots size was 4500 ha, and it was not replicated. Monitoring continued for 
four months after treatment, and up to one year specifically for the lesser hedgehog 
tenrec. 
 
Like triflumuron in the same study, no decline was observed in the presence of the 
dominant species, the lesser hedgehog tenrec (Echinops telfairi), but numbers caught 
were low. Similarly, an apparent short-term increase in recaptures was recorded in the 
fipronil plot, possibly due to an increased attraction to the bait in the traps in reaction to a 
reduced natural food source. Longer-term results (after four months post-treatment) are 
not reported in a consistent manner and do not allow a conclusion about the impact of 
fipronil on this species. 
 
Rakotondramasy (2001a) studied the effect of a blanket treatment with fipronil at 4 g 
a.i./ha on a 5 ha unreplicated plot. Monitoring was done for 6 weeks after treatment. 
Catches were relatively low, and no clear insecticide-induced changes could be observed. 
 
A third study in Madagascar was reported by Peveling et al. (2003). It concerned two 
plots of 100 ha each, blanket-sprayed with 3.2 and 4 g a.i./ha of fipronil. Small mammals 
were monitored for 6 months after treatment.  
 
Echinops telfairi was not exposed to the insecticide because it was aestivating during 
treatment. It reappeared again in the control plots 16 weeks after treatment and 
subsequently showed an increasing abundance. However, no individuals reappeared at all 
in the fipronil plots. Termites are an important dietary component of the tenrec, and their 
abundance was very significantly reduced in fipronil sprayed plots. Since the abundance 
of E. telfairi was positively correlated with the density of live termite colonies, the 
authors suggest that the observed reduction in its abundance was very likely due to food 
deprivation caused by fipronil-induced termite mortality. 
 
Mouhim et al. (1996a) attempted to assess the impact of fipronil on rodents, but due to 
low catches could not draw any conclusions. 
 
Reptiles 
 
Diflubenzuron, teflubenzuron 
 
No studies were available on the impact of locust control with diflubenzuron or 
teflubenzuron on reptiles. 
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Triflumuron 
 
Peveling and Rafanomezantsoa (2001 – study #13) studied the impact of a blanket 
application of triflumuron at 34 g a.i./ha on lizards. A single 400 ha plot was sprayed and 
monitoring continued for 12 weeks following treatment.  
 
The moderate reductions in relative abundance of the lizard Chalarodon 
madagascariensis (9 – 36% in the 3 months after treatment in the treated plot) were not 
statistically significant. 
 
Tingle & McWilliam (1999) and Randimbison (2001) (study #19) assessed the impact of 
triflumuron, sprayed as a barrier treatment at 30 g a.i./ha (within the barrier) on lizards. 
Plots size was 6500 ha, and it was not replicated. Monitoring continued for one year after 
treatment. 
 
The skink Mabuya elegans was the most common and evenly distributed species. A 
maximum reduction of about 85% in the relative abundance of this skink was observed, 
which was more pronounced at forest edges than in the savannah. This effect occurred 
both in the insecticide barriers and in the inter-barrier strips. Recovery occurred after 
three months following treatment, with treated plots temporarily even showing 
considerably higher lizard counts than the controls.  
 
Fipronil 
 
Tingle & McWilliam (1999) and Randimbison (2001) (study #19) assessed the impact of 
fipronil, sprayed as a barrier treatment at 4.3 g a.i./ha (within the barrier) on lizards. Plot 
size was 4500 ha, and it was not replicated. Monitoring continued for one year after 
treatment. 
 
The skink Mabuya elegans was the most common and evenly distributed species. A 
short-term (two-week) reduction in relative abundance of about 70% was observed in the 
savannah parts of the plot, but not along forest edges. The effect only occurred in the 
insecticide barriers. There was no evidence of any long-term adverse effects on lizard 
counts up to one year after treatment. 
 
Peveling et al. (2003) report on the effects of blanket sprays of fipronil, at 3.2 and 4 g 
a.i./ha, on two plots of 100 ha each. Reptiles were monitored for 6 months after 
treatment. A significant decline was observed in relative abundance of the lizard 
Chalarodon madagascariensis (of 53%) and of the skink Mabuya elegans (of 45%). At 
the onset of the rainy season, 5 months after treatment, populations started to increase in 
all plots except the ones treated with fipronil. 
 
Aquatic fauna 
 
Contrary to all the above groups of non-target organisms, the aquatic fauna should not be 
exposed to locust control insecticides if treatments are carried out according to 
recommendations. However, in practice, overspraying of small water bodies may occur 
in aerial control and insecticide drift can reach rivers or lakes if minimum buffer zones 
are not respected. 
 
Studies that specifically addressed the potential effects of the four reviewed insecticides 
were rare. 
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Diflubenzuron 
 
Lahr and Banister (1997) studied the effect on fish and aquatic arthropods of direct 
overspraying of a single small lake with diflubenzuron at 39 g a.i./ha. The treatment did 
not cause any acute mortality nor mid-term population effects in fish or the two dominant 
shrimp species. Chironomid midge larvae were also unaffected. Only the larvae of pond 
damselflies (Coenagrionidae) were affected but recovered about three weeks post-
treatment. 
 
Lahr et al. (2000b) assessed the effects of diflubenzuron on aquatic invertebrates in five 
small temporary ponds that were oversprayed at locust control rates (60 – 104 g a.i./ha). 
No effects were observed on aquatic insects, but crustaceans (fairy shrimps and 
cladocerans) were affected by the treatments. The fairy shrimp Streptocephalus spp. was 
virtually eradicated and only recovered the following rainy season. Cladocerans 
(zooplankton) were also severely affected by the insecticide, but generally recovered 
within 4 – 7 weeks after treatment.  
 
Childebaev (2002) reports observations on aquatic invertebrates that were done to assess 
the effects of drift diflubenzuron presumably applied against locusts. However, since the 
report does not allow any specific treatment to be linked with the ponds in which 
sampling was carried out, the results of this study cannot be interpreted. 
 
Teflubenzuron, triflumuron 
 
No field studies on the impact of locust control with teflubenzuron or triflumuron on 
aquatic fauna were available. 
 
Fipronil 
 
A field study of the side-effects of locust control with fipronil on aquatic fauna was 
reported by Childebaev (2002). However, as indicated above, the results of this study 
could not be interpreted. 
 
Peveling et al. (2001) report large acute mortality of freshwater shrimp (Atyidae) after 
treatments with fipronil at 3.2 and 4 g a.i./ha. There were indications of recovery at the 
onset of the next rainy season, about five months after treatment. 
 
The Australian Environmental Protection Agency carried out an assessment of the impact 
of fipronil applications against Australian plague locust on freshwater macro-
invertebrates (AEPA, 2001). They concluded that no pesticides were found in water 
samples collected from the study sites after locust control spraying in the area surveyed, 
and that there was no indication that the macro-invertebrate communities were impacted 
by the locust spraying operations. However, based on the data in the report, sampling 
results cannot be linked to individual treatments and the above conclusions must be 
considered unsubstantiated. 
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Discussion and conclusions 
 
Quality of the studies 
 
A total of 27 field studies of environmental side-effects of locust and grasshopper control 
were identified with the four insecticides that can potentially be used for barrier 
treatments. Most of these studies concerned the insecticides diflubenzuron, triflumuron 
and fipronil, with only one carried out with teflubenzuron. 
 
In almost all cases blanket sprays were evaluated; only four studies actually assessed the 
impact of barrier treatments. However, if one accepts that results from small plots (here 
defined as having a surface area of up to 6 ha) can be considered indicative of impact 
occurring in barriers, an additional nine studies can be added to the “barrier data set”. 
 
This is a considerable set of available field studies on environmental impact in 
comparison to many crop/pesticide situations elsewhere in the world. However, a large 
fraction of the compiled results could not be properly used, because they were reported in 
insufficient manner (e.g. no quantification of effect size and duration) or the statistical 
analysis was absent, incorrect or could not be interpreted in a straightforward manner. 
For these reasons, more than a third of the studies were not retained for evaluation, while 
another 20% could only partially be used. 
 
This does not mean that the data of the studies that were not retained were not collected 
in an appropriate manner. Only two studies were not used for the review because the 
methodology was considered inappropriate (#24 – Kazakhstan and #25 – Australia). In 
both these cases there did not appear to be a direct relationship between the treatments 
and the sites that were monitored. In a third study (#3 – Mali) cross contamination 
between the study plots could not be excluded. 
 
A more in-depth reassessment of the data of those studies that have no major 
methodological flaws, but were under-reported or insufficiently analysed, would 
therefore add a considerable amount of information to the evaluation, without any new 
field studies having to be carried out. 
 
Limitations of the analysis 
 
The analysis which was carried out for this review is primarily based on a data pooling 
approach. This type of “meta-analysis” has the advantage of combining the results of 
different studies and using all the data available on specific groups of organisms. A major 
disadvantage is that by pooling the results from studies that may have been carried out 
under different conditions, significant effects that are typical for a specific situation may 
be obscured. 
 
The effect of plot size and application rate on insecticide impact were factors which 
could be specifically assessed in the review. Other factors that may have an important 
influence on insecticide impact, such as the timing of the treatment, sampling methods, 
community composition, trophic status of the sampled arthropods, environmental 
conditions (vegetation density, weather conditions, etc.) or application parameters, were 
not evaluated. This was generally because either the factor was difficult to define for the 
entire data set, or because there were too few studies for a given factor. Therefore, the 
present review is necessarily limited in its scope. 
 
While no detailed assessment could be made of the effect of differences in community 
composition on insecticide effects, differences were observed in the proportion of the 
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various taxonomic groups that were sampled. Table 13 shows the percentage of 
arthropods monitored in the studies when pooled by insecticide. For example, 40% of all 
taxa listed for diflubenzuron were Hymenoptera, while this was 26% for fipronil and 
only 15% for triflumuron. In contrast, there was a stronger focus on spiders in the 
triflumuron studies (25% of all taxa or effect parameters). In the fipronil studies, most 
taxa that were monitored belonged to beetles (29%) and Hymenoptera (mentioned 
above). 
 
 

Table 13 Differences in the arthropod taxa monitored in environmental impact studies 

% of total taxa or effect parameters monitored1 

Taxon Diflubenzuron Triflumuron Fipronil 

Araneae 15.4 25.4 11.7 

Thysanura 0.0 0.8 0.0 

Collembola 0.0 1.5 1.2 

Thysanoptera 0.0 0.8 0.0 

Isoptera 2.9 3.1 5.6 

Orthoptera 2.9 10.8 7.4 

Psocoptera 1.9 0.8 0.0 

Neuroptera 1.0 0.0 0.0 

Homoptera 1.9 2.3 0.6 

Heteroptera 4.8 3.1 0.6 

Coleoptera 11.5 9.2 29.0 

Diptera 7.7 16.2 9.9 

Lepidoptera 9.6 8.5 6.8 

Hymenoptera 40.4 14.6 26.5 

Other taxa 0.0 3.1 0.6 

Total 100 100 100 

1 Proportions were pooled for each insecticide over all taxa or effect parameters listed in Annexes 2C, 4C & 5C 

 

 
 
The different taxonomic focus may reflect specific preferences of the study authors but is 
also partly the result of different sampling methods (Table 14). The diflubenzuron studies 
were mainly sampled with Malaise traps and sweep nets, pitfall traps were more 
commonly used in the fipronil studies, and a more balanced set of sampling methods was 
used in the triflumuron studies. It follows that the type of arthropods monitored may have 
differed depending on the sampling methods used. (e.g. Diptera and Hymenoptera are 
likely to have been preferentially sampled by Malaise traps or sweeps netting, while 
Coleoptera were likely sampled more effectively using pitfall traps). 
 
As a result of the differences in sampling methods, and the taxonomic groups monitored, 
the comparison of effects between insecticides may be biased because different 
taxonomic groups may have different susceptibility to the evaluated compounds. 
Furthermore, the various sampling methods will catch arthropods from different 
vegetation strata. Studies using mainly sweep nets and malaise traps will likely sample 
more vegetation-dwellers. Since insecticide deposits tend to be higher on the vegetation 
than on the ground, potentially more taxa may be found affected in such studies. On the 
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other hand, studies using mainly pitfall traps may, for the same reason, sample 
arthropods that have been less exposed to the insecticide. 
 
These sampling biases will not affect the validity of the observed effects as such. 
However, any comparisons of effects between insecticides will need to be done with 
care. 
 
 

Table 14 Differences in the sampling methods used in the environmental impact studies 

% of total taxa or effect parameters monitored1 

Sampling method Diflubenzuron Triflumuron Fipronil 

Pitfall traps 8.7 31.5 35.2 

Sweep nets 41.3 30.8 28.4 

Malaise traps 40.4 30.8 22.8 

Other methods 9.6 6.9 13.6 

Total 100 100 100 

1 Proportions were pooled for each insecticide over all taxa or effect parameters listed in Annexes 2C, 4C & 5C 

 
 
 
Exposure to insecticides 
 
Only a limited number of studies have assessed the actual widths of insecticide barriers 
as they are put down in barrier treatments, and most of these studies used suboptimal 
deposition measurements. The few data available indicate that the PRG recommendation 
of 100 m wide barriers spaced at a 700 m can only be achieved through ground 
treatments. Aerial applications resulted in much wider insecticide-treated barriers. To 
achieve treatments which result in about 50% of the area being free of insecticide, 
evidence suggests that a minimum barrier spacing of 1000 m would be required. 
 
Eight out of the 16 efficacy trials and monitoring exercises of barrier treatments listed in 
Table 1 were ground applications, six of which reported barrier spacing. Of these six 
trials, four had a barrier spacing wide enough to ensure that at least 50% of the area 
would likely remain insecticide-free. 
 
The other eight reports in Table 1 concern aerial barrier treatments. Only two treatments 
may have resulted in insecticide-free inter-barrier spaces covering at least 50% of the 
area. All others used track spacing which would have resulted in irregular but essentially 
full cover treatments of the area concerned. 
 
Various studies were available on the initial residue measured on vegetation after 
(simulated) migratory locust or grasshopper control with fipronil and diflubenzuron. No 
data appear to have been reported for triflumuron and teflubenzuron. The results show 
that initial residue levels on vegetation are on average considerably higher than the ones 
predicted with the widely used Fletcher/Kenaga nomogram. Risk assessments based on 
this model would thus underestimate possible effects of exposure to insecticide treated 
vegetation. Data were insufficient for residue levels in soil, leaf litter or surface water. 
 
Limited data were available that could be used to estimate the half-lives of diflubenzuron 
and fipronil under hot semi-arid conditions. Residue half-lives of diflubenzuron and total 
fipronil (including toxic metabolites) were very similar on vegetation and leaf litter. 
Diflubenzuron dissipated about three times faster from soil than total fipronil. 
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The median soil half-life of 4.3 days for diflubenzuron, as calculated in this review for 
hot semi-arid conditions, is of the same order of magnitude as reported in the literature 
from elsewhere, where half-lives of “a few” to 2 – 14 days are cited (WHO, 1996; EPA, 
1997; HSDB, 2003a). No half-lives were provided in these reviews for vegetation or leaf 
litter, although diflubenzuron was classified as “persistent” on cotton leaves. 
 
Fipronil, on the other hand, appears to dissipate from soils in hot arid environments much 
faster than from more temperate conditions. Reported field dissipation or aerobic soil 
half-life ranges from 12 – 247 days (Connelly, 2001; PSD, 1999; Tingle et al., 2003). 
This is considerably higher than the median half-life of 15 days calculated for total 
fipronil in this review, which is likely due to increased photo-metabolism under African 
conditions (Connelly, 2001; Tingle et al., 2003). No comparative data were available for 
vegetation. 
 
Comparison of insecticide impact 
 
Taking into account the limitations of this analysis that were mentioned above, in 
particular the possible effects of sampling bias, the following conclusions regarding the 
effects of the studied insecticides are made. 
 
Terrestrial invertebrates 
 
Both benzoyl-urea insecticides that were studied affected a similar fraction 
(approximately 30%) of non-target arthropods, with triflumuron resulting in slightly 
more affected taxa than diflubenzuron. Similarly, the severity of adverse effects was 
similar, with triflumuron again showing slightly fewer taxa in the low impact class than 
diflubenzuron. 
 
Fipronil, on the other hand, adversely affected about 60% of the studied taxa, twice the 
fraction of the benzoyl-urea insecticides. Also, fipronil showed a considerably larger 
percentage of the affected taxa in the severe and/or moderate impact classes. 
 
Larger plots and higher application rates clearly resulted in more taxa being affected by 
fipronil. Barrier treatments using low application rates with fipronil resulted in 
approximately the same fractions of non-target arthropods being adversely affected as 
with diflubenzuron and triflumuron. However, the severity of the impact was still higher 
for fipronil than for the two benzoyl-ureas. These two IGR insecticides were not much 
affected by either application rate or plot size. 
 
Recent literature reviews generally support the findings from the field studies above. 
Diflubenzuron is considered to have a low hazard to honey bees, earthworms and soil 
micro-organisms (Linders & Luttik, 1996; WHO, 1996; EPA, 1997). Similarly, Murphy 
et al. (1994) found that diflubenzuron was relatively non-hazardous to beneficial 
arthropods. Teflubenzuron is also considered of low hazard to honey bees and other 
beneficial arthropods (PSD, 1991). Triflumuron is considered toxic to bees, however, but 
not to adult stages of predatory insects (Tomlin, 2000). Fipronil is of low toxicity to 
earthworms, but is highly toxic to bees and many species of terrestrial non-target 
arthropods. Fipronil also shows markedly differing toxicity to different taxa/species even 
within related taxonomic groupings; its toxicity risk is thus difficult to generalize 
(Linders & Luttik, 1996; Tingle et al., 2003). 
 
As discussed before, a large amount of data has been collected on the side-effects of the 
four evaluated insecticides, but only a fraction could be used for the above analysis. This 
was mainly due to incomplete reporting and/or inappropriate (or non-existent) statistical 
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analyses. It is difficult to assess how many additional data could become available if the 
existing studies were fully exploited, but is estimated that this would at least triple the 
present data set. 
 
The criteria that were used to define the severity of the insecticide effect are by no means 
general standards. In a recent review of regulatory testing and interpretation of field 
studies of insecticide effects on non-target arthropods, Candolfi et al. (2000, 2001) 
suggest that there should be no fixed threshold values for acceptability of effects 
(including those adopted by the PRG) because the consequence of treatments can be 
markedly different for different organisms and in different situations. A change in the 
criteria listed in Table 10 may well change the overall conclusions on the severity of the 
effects observed with the different insecticides in this review, although it will probably 
not change the order of impact of the reviewed insecticides. 
 
Terrestrial vertebrates 
 
Only one study was carried out each on the impact of diflubenzuron and triflumuron on 
birds and mammals. No significant adverse effects were observed in these studies. Two 
unreplicated studies were available on the impact of triflumuron on lizards, at 30 – 34 g 
a.i./ha. One of the studies showed a moderate effect on one the most common lizard 
species, the other did not result in a reduction of lizard activity. 
 
Fipronil had more effects on terrestrial vertebrates than the benzoyl-urea insecticides. 
Three studies were available on birds. None of these applied appropriate statistical 
analysis, and conclusions about significant effects are difficult to draw. There are 
indications, however, that fipronil, sprayed at about 4 g a.i./ha, could affect certain 
insectivorous birds.  
 
Of the three analysable fipronil studies available on small mammals, one resulted in 
long-term severe impact on a species of tenrec. It was convincingly correlated with a 
severe depletion of termites, its major prey, and this is likely the cause of the impact. The 
two other studies did not show significant decreases in this species or other small 
mammals. All experiments were done with similar application rates, but the difference 
was that the latter two studies concerned either a barrier treatment or small sized plots 
and the first study, which resulted in the severe impact, involved a blanket application on 
large (100 ha) plots. It therefore seems possible that plot size influences the severity of 
the impact of fipronil on the tenrec. This is supported by the fact that mortality of the 
termite prey was considerably less in unsprayed inter-barrier zones than in the barriers 
itself. 
 
Two studies assessed the effects of fipronil on lizards. Similar to the impact on small 
mammals, lizard activity was significantly reduced in the large plot blanket treatments 
but there was only a short-term and limited effect in the barrier treatments. This again 
seemed to be linked to termite prey depletion.  
 
The absence of significant effects of the benzoyl-urea insecticides on terrestrial 
vertebrates is supported by recent reviews of these chemicals. Diflubenzuron has low 
toxicity to birds and small mammals (WHO, 1996; EPA, 1997; HSDB, 2003a) and so 
have teflubenzuron (PSD, 1991) and triflumuron (Tomlin, 2000). Any adverse impact of 
these compounds on terrestrial vertebrates would likely be through arthropod prey 
depletion, but benzoyl-ureas did not severely affect many groups of potential prey (see 
section above). 
 
Reviews of fipronil conclude that this insecticide, in the formulations applied for locust 
control, can be considered of low toxicity to mammals (Tingle et al., 2003; HSDB, 
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2003b). Any effects on this group of non-target organisms is therefore likely to be from 
indirect effects, e.g. through food depletion. Fipronil is of low toxicity to waterfowl, but 
is highly toxic to gallinaceous birds such as partridges and quail (PSD, 1999; Tingle et 
al., 2003; HSDB, 2003b). Data on reptiles are limited. 
 
Aquatic fauna 
 
Only limited field data were available on the impact of the insecticides on the aquatic 
fauna. Diflubenzuron was found to affect crustaceans and damselfly larvae, but did not 
affect fish. Fipronil caused large scale mortality in freshwater shrimp. 
 
Reviews of diflubenzuron (WHO, 1996; EPA, 1997; HSDB, 2003a) conclude that 
diflubenzuron has low toxicity to freshwater fish and marine/estuarine fish. However, it 
has high acute toxicity to both freshwater and marine/estuarine aquatic invertebrates 
(particularly crustaceans). Diflubenzuron affects reproduction, growth and survival in 
freshwater invertebrates as well as reproduction in marine/estuarine invertebrates. 
Teflubenzuron was found to be of low toxicity to fish; data on aquatic invertebrates are 
scant (PSD, 1991; Tomlin, 2000). No review was available for triflumuron, but Tomlin 
(2000) indicates low fish and moderate crustacean toxicity. 
 
Fipronil is generally considered to be of low toxicity to aquatic plants and algae. It is 
highly toxic to aquatic invertebrates, particularly crustaceans and chironomid larvae. Fish 
are less susceptible to fipronil, but it is still considered highly toxic to several species, 
including important tropical ones (PSD, 1999; Tingle et al. 2003). 
 
Barrier vs. blanket treatments 
 
There are two potential environmental advantages of barrier treatments over blanket 
treatments. Firstly, barrier treatments would ideally result in insecticide-free inter-barrier 
zones where non-target organisms would not be directly exposed and would thus be less 
at risk of direct insecticide-induced mortality. There is evidence from the two large scale 
field studies on barrier treatments that relative abundance of non-target terrestrial 
invertebrates indeed does benefit from this treatment method; for caterpillars 
(Lepidoptera) with diflubenzuron spraying (Tingle, 1996) and for termites with fipronil 
spraying in Madagascar (Tingle & McWilliam, 1999; Peveling et al., 2003). While little 
other data were available to compare acute mortality within barriers with inter-barrier 
zones, there is no reason to expect that this advantage would not occur for other taxa as 
well, provided that real insecticide-free areas – or areas with insecticide concentrations 
below toxic thresholds – result from the treatments. 
 
The second potential environmental advantage of barrier treatments over blanket 
treatments would be that untreated inter-barrier areas could provide a source for 
recolonization of populations of non-target organisms that are affected in the barriers. 
The data appear to support this hypothesis for fipronil, where fewer arthropod taxa were 
affected less severely on small or barrier-sprayed plots. Similarly, the effect on tenrecs 
was more severe on large blanket sprayed plots than on the small/barrier plots. This 
advantage of barrier treatments was much less clear for triflumuron while it was not 
apparent at all for diflubenzuron. 
 
It is not entirely clear why this difference between insecticides seems to occur. 
Population recovery of affected taxa in treated barriers by dispersion from insecticide-
free refuges would be particularly pronounced for organisms that are relatively mobile 
and/or reproduce rapidly. The simple fact that an increasingly wide range of arthropods is 
affected in the order diflubenzuron – triflumuron – fipronil, would mean that there is a 
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larger chance of more dispersive species being affected as well, and thus the effect of 
plot size becoming more apparent. This is supported by the fact that of the taxa that were 
severely or moderately affected by both diflubenzuron and triflumuron – spiders, 
caterpillars, (parasitic) wasps and non-target grasshoppers – the majority are relatively 
sedentary or are likely dependent on relatively sedentary taxa. Only grasshoppers can be 
considered moderately to highly dispersive, but their dispersal capacity is far greater once 
they are adult than whilst they are nymphs – the stage at which these IGRs have their 
toxic effect.  
 

 
 

Recommendations 
 
Data repository 
 
FAO should assess the possibility of setting up a data repository for studies on the 
environmental impact of locust and grasshopper control, with particular emphasis on data 
from hot tropical and/or (semi-)arid environments. The data repository should contain 
published and unpublished study reports as well as the raw data of these studies. The 
information from the repository should be freely accessible for the scientific community, 
though could have specific requirements with respect to the publication of articles based 
on these data by third parties (e.g. mandatory source citation, peer review and/or co-
authorship by the institutions or persons that originally collected the data). The data 
repository could be managed by FAO or by an independent research institute (under the 
institutional coverage of FAO). 
 
Re-analysis of data 
 
FAO should fund or facilitate (re-)analysis of data sets which were not yet reported 
and/or statistically analysed in an appropriate manner, as identified in this review. The 
possible effects of sampling bias and other parameters that could influence the outcome 
of the studies may be addressed in such a re-analysis as well. It is recommended that an 
expert consultation is carried out to decide which type of statistical tests are most 
appropriate for the data sets collected under different study designs. 
 
Guideline for the design and analysis of environmental impact studies 
 
The results of the above mentioned consultation should also be used to elaborate a 
technical guideline on the design and analysis of environmental impact studies of locust 
control, which should ensure that the results of any future field studies can be interpreted 
better and the comparability among studies is improved. 
 
Definition of barrier treatments 
 
It is recommended that the operational characteristics of barriers treatments are better 
defined. Until the optimal barrier width and spacing are identified with more certainty, it 
may not be very productive to design new field studies on the environmental impact of 
barrier treatments. This is because the presence and width of any insecticide-free inter-
barrier zones will greatly influence possible effects on non-target organisms. 
 
It is therefore strongly recommended that any operational barrier treatments that are to be 
carried out in the near future are thoroughly monitored with respect to application 
parameters, insecticide deposition in and between barriers (preferably through chemical 
residue analysis) and efficacy on the target locust species.  
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Further in-depth environmental field studies 
 
It can be questioned whether new in-depth field studies on the environmental impact of 
barrier treatments should be initiated until a full (re-)analysis of the existing data sets has 
been carried out and barrier treatment parameters are better defined (see the two previous 
sections). 
 
Based on the presently available data, and conditional on any new results coming out of 
the above mentioned re-analysis of existing data, it does not seem to be necessary to 
carry out additional in-depth environmental impact studies of barrier treatments with 
diflubenzuron or triflumuron. However, regular operational environmental monitoring 
should be carried out of barrier treatments with these insecticides (see below). 
 
Very limited data are available on the environmental effects of teflubenzuron when used 
for locust control. However, it is not recommended to initiate in-depth field studies on 
this insecticide unless a comparative assessment of laboratory toxicity data indicates that 
teflubenzuron poses an increased risk to certain groups of non-target organisms when 
compared to diflubenzuron and triflumuron.  
 
If fipronil is considered to remain a possible candidate insecticide for barrier treatment 
against locusts, it is recommended that future environmental field studies of barrier 
spraying concentrate on the following issues: (i.) the effects of low application rates of 
fipronil within the barrier on non-target arthropods that were moderately or severely 
affected in studies published to date; (ii.) impact on organic matter breakdown by 
termites and soil mites and its possible consequences for soil fertility; (iii.) food chain 
effects on insectivorous mammals and lizards, also in other ecosystems than the one 
studied to date. 
 
 
 
 
Further operational field monitoring 
 
FAO should ensure that all barrier treatment operations that are executed under its 
funding or technical responsibility are accompanied by operational environmental field 
monitoring, along the lines discussed in its Desert Locust Guideline on Safety and 
Environmental Precautions (Van der Valk & Everts, 2003), and taking into consideration 
operational experiences elsewhere (e.g. Tingle et al., 2001). It is suggested that a rapid 
expert consultation is done (e.g. through email) to define what environmental parameters 
and taxa should be monitored and what methods can be used to do so, taking into account 
the likely non-specialized composition of most monitoring teams. 
 
FAO should also request other organizations that are carrying out barrier treatments 
against migratory locusts to carry out environmental operational monitoring, and provide 
technical assistance to such organizations if required. 
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Annex 1.  List of the ecotoxicological studies reviewed, by study number 

Study location Study 
# 

Country Place 

Year 
of 

study 

Type of 
treat-
ment 

Insecticide Reports 

1 Senegal Richard Toll 1989 blanket diflubenzuron Van der Valk (1990) 

2 Senegal Richard Toll 1989 blanket diflubenzuron Lahr & Banister (1997) 

3 Mali Gori Banda 1989 blanket teflubenzuron Krokene (1993) 

4 Senegal Nioro du Rip 1991 blanket diflubenzuron Lahr et al. (2000) 

5 Senegal Nioro du Rip 1991 blanket diflubenzuron Van der Valk & Kamara (1993) 

6 Senegal Nioro du Rip 1992 blanket diflubenzuron Kamara & Van der Valk (1995) 

7 Senegal Richard Toll 1992 blanket diflubenzuron Van der Valk et al. (1997) 

8 Mauritania Akjoujt 1992 blanket triflumuron Peveling et al. (1997) 

 9 Madagascar Beamalo 1993 barrier diflubenzuron Tingle (1996, 1997a, 1997b, unpublished2); 
Cooper et al. (1995) 

10 Madagascar Anatanimieva 1994 barrier diflubenzuron Tingle (1996, 1997a, 1997b, unpublished1, 
unpublished2) 

11 Madagascar Besatra 1994 blanket triflumuron Peveling et al. (1999); Ostermann (1996) 

12 Mauritania Grârat el Frass 1994 blanket fipronil Rachadi et al. (1995); Balança & de Visscher 
(1997a) 

13 Madagascar Itambono 1995 blanket triflumuron Peveling et al. (1999); Peveling & 
Rafanomezantsoa (2001) 

14 Morocco Dakhla 1995 blanket fipronil Mouhim et al. (1996a) 

15 Niger Banizoumbou 1995 blanket fipronil Balança & de Visscher (1996, 1997b) 

16 South Africa Hanover 
District 

1996 blanket diflubenzuron 

fipronil 

Van der Westerhuizen & Roux (1998) 

17 Morocco Mhirija 1996 blanket fipronil Mouhim et al. (1996b) 

18 Senegal Fété-Olé 1996 blanket fipronil Danfa et al. (2000) 

19 Madagascar Ankazoabo 1998 barrier triflumuron 

fipronil 

Tingle & McWilliam (1999); 
Raivoarinjanahary (2001); Rafanomezana & 
Rafanomezantsoa (2001a, 2001b); 
Rakotondravelo (2001); Randimbison 
(2001); Raveloson (2001a); Tingle & 
Rahamefiarisoa (2001); Rafanomezana 
(2001c); Peveling et al. (2003) 

20 Madagascar Ampoza 1999 blanket fipronil Rafanomezana (2001a) 

21 Madagascar Ankazoabo 1999 blanket fipronil Rafanomezana (2001b, 2001c); 
Rakotondramasy (2001a, 2001b); 
Rafanomezantsoa (2001); Raveloson 
(2001b); 

22 Madagascar Malaimbandy 2000 blanket fipronil Peveling et al. (2001); Peveling et al. (2003) 

23 Kazakhstan Stepnyak 2002 RAAT & 
blanket 

diflubenzuron 

fipronil 

Childebaev (2002) 

24 Kazakhstan Pavlodar 
Oblast 

2002 blanket diflubenzuron 

fipronil 

Childebaev (2002) 

25 Australia Flinders Range 2000 blanket fipronil AEPA (2001) 

26 Russia Ust-Ordynsky 1997 blanket & 
barrier 

fipronil Sokolov (2000) 

27 Senegal Sadio 2004 barrier diflubenzuron 

fipronil 

CERES (2005) 
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Annex 2A.  Field studies with diflubenzuron – Study setup and insecticide application 

Study  Barrier3 Sampling frequency & duration6 

Before treatment After treatment Location #1 

Eco-
system 

# 
plots2 

Plot 
size 
(ha) Width 

(m) 
Spacing 

(m) 

Rate4 

(g a.i/ha) 

[range] 

App.5 Sampling 
methods 

# Period # Period 

Remarks 

Impact of barrier treatments 

Madagascar –
Beamalo 9 

savanna 
grassland 1 1650 48 600 94 G sweep net 1 1 day 6 2 months 

Sampling also carried out 1 year 
after treatment, but results and 
statistics are difficult to interpret.  

Madagascar –
Antanimieva 

10 
savanna 
grassland 

1 500 50 500 90 G sweep net 2 6 days 7-9 
2-3 

months 
 

Senegal – Sadio 27 grassland 1 65 100 500 60 G 
pitfall trap 

termite & 
ant transect 

- - 3 23 weeks  

Impact of RAAT 

Kazakhstan – 
Stepnyak 23 

fallow 
grassland 4 25 120 120 9.6 (?) G 

sweep net 

pitfall trap 

2 

2 

9 days 

7 days 

10 

10 

49 days 

49 days 

Terrestrial arthropod plots. 
Application rate not clear from 
report 

Impact of full cover, blanket treatments 

Kazakhstan – 
Stepnyak 

23 steppe 1 100 [100] [100] 20-40 G 
transects 

carcasses 

2 

- 

16 days 

- 

7 

7 

6 weeks 

6 weeks 
Bird plots. Full cover spray on 60 
ha; RAAT on 40 ha 

Kazakhstan – 
Pavlodar Oblast 

24 reservoirs ? ? -- -- ? ? 
plankton net 

invertebrate 
net 

1 ? 4 30 days 

Aquatic studies. Reservoirs not 
directly treated, but effects from 
insecticide applications at 2-3 km 
distance were presumed. Causal 
links between treatments and 
effects unclear though. 

Senegal – Richard 
Toll 1 

savanna 
grassland 2 400 -- -- 38 & 83 A 

pitfall trap 

Malaise trap 

2 

3 

2 weeks 

3 weeks 

4 

4 

1 month 

1 month 
 

invertebrate 
& small fish 

net 
4 3 weeks 5 5 weeks 

Senegal – Richard 
Toll 2 

irrigation 
reservoirs 1 16 -- -- 39 A 

bioassays 

carcasses 
-- -- 1 1 day 

Reservoirs completely oversprayed 
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Study  Barrier3 Sampling frequency & duration6 

Before treatment After treatment Location #1 

Eco-
system 

# 
plots2 

Plot 
size 
(ha) Width 

(m) 
Spacing 

(m) 

Rate4 

(g a.i/ha) 

[range] 

App.5 Sampling 
methods 

# Period # Period 

Remarks 

Senegal – Richard 
Toll 

7 
savanna 
grassland 

4 1.6 -- -- 
105 

[100-110] 
G 

termite trap 

termite & 
ant transect 

5 5 weeks 
4 & 
4 

4 & 4 
weeks 

1st series of 4 weeks sampling 
immediately after treatment; 2nd 
series, 1 year after treatment 

plankton & 
invertebrate 

net 
8 4 weeks 16 8 weeks Senegal – Nioro 

du Rip 
4 

temporary 
ponds 

5 
0.36-
0.65 

-- -- 
75 

[60-104] 
G 

carcasses -- -- 1 1 day 

Ponds completely oversprayed 

Malaise trap 5 5 weeks 4-5 5 weeks  

densities -- --   Various species/frequencies 
Senegal – Nioro 
du Rip 

5 millet fields 4 0.9-2.3 -- -- 
55 

[50-60] 
G 

parasitism -- --   Various species/frequencies 

Malaise trap 3 3 weeks 5 5 weeks  

densities -- --   Various species/frequencies 
Senegal – Nioro 
du Rip 6 millet fields 4 1.1-2.1 -- -- 

61 

[59-65] 
G 

parasitism -- --   Various species/frequencies 

pitfall trap 1 1 day 5  1 year 

sweep net 1 1 day 5  1 year 

yellow trap 1 1 day 5  1 year South Africa –  
Hanover District  

16 
Karoo grass-
& shrubland 

6 9 -- -- 60 G 

carcasses -- -- 1 2 days 

3 plots were studied after summer 
treatments and 3 other after winter 
treatments. During each season, the 
3 plots were established on different 
vegetation types. 

Only total number of insects caught, 
and total number of families, 
included in analysis. 

1  Study number (see Annex 1 for references). 
2  Number of (replicate) plots. 
3  Only for barrier treatments. 
4  Application rate within the plot or barrier. 
5  Type of application: G = ground; A = aerial. 
6  Number (#) of sampling sessions and period over which sampling took place, before and after the treatment. 
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Annex 2B.  Field studies with diflubenzuron – Analysis methods 

Study  Statistical assessment 

Location #1 

Type of analysis 

Comparisons tested Comments 

Limit of 
statistical 
significance 

Remarks 

Impact of barrier treatments 

2-way ANOVA 

 
Overall interaction between treatment and 
time (before vs. after treatment) 

Does allow conclusion about overall significance of effects, 
but not about their duration 

1-way ANOVA 
“Main treatment effect”  (treated vs. 
untreated plots), for each sampling date 

Does not allow conclusion about significance of treatment 
effects, but only of location effects at specific dates 

Madagascar – 
Beamalo 9 

Also data presented on arthropod sampling one year after treatment (Tingle 1997a, 1997b, unpublished-2). However, the statistical 
comparisons made are not reported clearly, and it is not possible to assess the validity of the presumed (absence of) effects. 

P<0.05 
Only 1 plot (pseudoreplication) 

Only 1 pre-spray sample 

2-way ANOVA 
Overall interaction between treatment and 
time, of pre-treatment data Relevance for analysis of treatment effect unclear 

2-way ANOVA 
Overall interaction between treatment and 
time (presumed to have been pre-spray vs. 
post-spray) [comparison not clear in report] 

Does appear to allow conclusion about overall significance 
of effects, but not about their duration 

Madagascar – 
Antanimieva 10 

1-way ANOVA 
“Main treatment effect”  (treated vs. 
untreated plots), for each sampling date 

Does not allow conclusion about significance of treatment 
effects, but only of location effects at specific dates 

P <0.05 

Only 1 plot (pseudoreplication) 

Not clear if statistics were 
calculated for within-barrier 
data only [presumed to have 
been so] 

Senegal – Sadio 27 1-way ANOVA 
“Main treatment effect” (barrier vs. inter-
barrier vs. untreated plots), for each 
sampling date 

Comparisons and statistical tests not clearly described in 
report. 

Does not allow conclusion about significance of treatment 
effects, since no pre-treatment data and/or no comparison 
with untreated control plot 

P <0.05 
Only 1 plot (pseudoreplication) 

No pre-spray samples 

Impact of RAAT 

Kazakhstan – 
Stepnyak 23 No statistical assessments carried out. Only the averages of the 4 sampled plots reported 

Impact of full cover, blanket treatments 

Kazakhstan – 
Stepnyak 23 No statistical assessments carried out. Bird plots were not replicated 

Kazakhstan – 
Pavlodar Oblast 

24 No statistical assessments carried out 

Senegal – Richard 
Toll 1 1-sided t-test 

Difference between before and after 
treatment values of test parameter: 
[ln(treated) – ln(control)] 

Simple BACI method P <0.05 
Only 1 plot (pseudoreplication) 

Not all sampling data were 
used due to missing catches 
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Study  Statistical assessment 

Location #1 

Type of analysis 

Comparisons tested Comments 

Limit of 
statistical 
significance 

Remarks 

Senegal – Richard 
Toll 

2 1-sided t-test 
Difference between before and after 
treatment values of test parameter: 
[ln(treated) – ln(control)] 

Simple BACI method P <0.05 
Only 1 reservoir 
(pseudoreplication) 

Senegal – Richard 
Toll 

7 2-way ANOVA 
Interaction of before vs. after values of test 
parameter: [ln(treated) – ln(control)] 
(within blocks) 

BACI & ANOVA mix P <0.1  

Senegal – Nioro 
du Rip 

4 Linear model Two main effects assessed: pond & time BACI design P <0.05 
 

2-way ANOVA 
Interaction of before vs. after values of test 
parameter: [ln(treated) – ln(control] (within 
blocks) 

BACI & ANOVA mix P <0.05 For Malaise trap data 

Randomized 
complete block 
ANOVA 

Main effect is treatment 
Separation of means using Student-Newman-Keuls multiple 
range test 

P <0.05 For incidence data 

Senegal – Nioro 
du Rip 5 

G-test Treatment 4 treatments were pooled P <0.05 For parasitism data 

Senegal – Nioro 
du Rip 

6 
As in study 9, above 

South Africa –  
Hanover District 16 2-way ANOVA 

Main effects (absolute counts) for time and 
treatment. 

Separation of means using Tukey’s test. 

This analysis does not allow impact of specific insecticides 
to be assessed; authors should have looked at significant 
interactions as basis for comparison. 

P <0.05 
Conclusions not supported by 
statistics 

1 Study number (see Annex 1 for references). 
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Annex 2C.  Field studies with diflubenzuron – Impact on terrestrial arthropods 

Taxon [trapping/assessment method]1 Study 
no.2 

Type3 Rate4 Significant 
effect?5 

Max. 
population 
change6 

Time to recovery7 

Araneae [sn] 9 B 94 P<0.05 n.r.8 [–60%]9 n.r.  

Araneae [sn] 10 B 90 no   

 Araneidae [sn] 10 B 90 no   

  Hyposinga sp. 1 [sn] 10 B 90 no   

 Clubionidae [sn] 10 B 90 no   

 Oxyopidae [sn] 9 B 94 no   

 Oxyopidae [sn] 10 B 90 no   

  Oxyopes sp. 1 [sn] 10 B 90 P <0.05 n.r. [–70%] n.r. [2 mths] 

  Peucetia sp. 1 [sn] 10 B 90 no   

 Salticidae [sn] 9 B 94 no   

 Salticidae [sn] 10 B 90 P <0.01 n.r. [–80%] n.r. [1.5 mths] 

  Salticidae indet. sp. A [sn] 10 B 90 P <0.001 n.r. n.r. 

  Heliophanus hamifer [sn] 10 B 90 no   

 Theridiidae [sn] 10 B 90 no   

 Thomisidae [sn] 9 B 94 no   

 Thomisidae [sn] 10 B 90 no   

Coleoptera [pt] 1 F 38 no   

Coleoptera [pt] 1 F 83 no   

 Carabidae [pt] 1 F 38 no   

 Carabidae [pt] 1 F 83 P =0.02 –50% 2 wks 

 Coccinellidae [sn] 9 B 94 no   

 Coccinellidae [sn] 10 B 90 P <0.05 n.r. n.r. 

  Verania (Alesia) striata [mt] 5 F 55 no   

  Verania (Alesia) striata [mt] 6 F 61 P <0.05 +90% 4 wks 

 Tenebrionidae       

  Pimelia senegalensis [pt] 1 F 38 no   

  Pimelia senegalensis [pt] 1 F 83 no   

  Vieta senegalensis [pt] 1 F 38 no   

  Vieta senegalensis [pt] 1 F 83 no   

Diptera [mt] 1 F 38 no   

Diptera [mt] 1 F 83 no   

 Bombyliidae        

  Exoprosopa tricolor [mt] 6 F 61 P <0.05 –65% 1 wk 

 Pipunculidae [sn] 10 B 90 no   

 Syrphidae       

  Ischiodon aegypticus [mt] 5 F 55 no   

  Ischiodon aegypticus [mt] 6 F 61 P <0.05 –80% 1 wk 

 Tachinidae (total except sp. 1) [mt] 5 F 55 P <0.05 +140% 1 wk 

  Tachinidae sp. 1 [mt] 5 F 55 no   

Heteroptera [sn] 9 B 94 P <0.01 n.r. [–90%] n.r. [2 wks] 
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Taxon [trapping/assessment method]1 Study 
no.2 

Type3 Rate4 Significant 
effect?5 

Max. 
population 
change6 

Time to recovery7 

Heteroptera [sn] 10 B 90 no   

 Lygaeidae [sn] 10 B 90 no   

 Miridae [sn] 10 B 90 no   

 Nabidae [sn] 10 B 90 no   

Homoptera       

 Cicadellidae [sn] 9 B 94 no   

 Cicadellidae [sn] 10 B 90 P <0.05 n.r. n.r. 

Hymenoptera [mt] 1 F 38 no   

Hymenoptera [mt] 1 F 83 no   

Hymenoptera [mt] 5 F 55 no   

Hymenoptera [mt] 6 F 61 no   

 Chalcidoidea [sn] 9 B 94 no   

 Chalcidoidea [sn] 10 B 90 no   

 Braconidae [sn] 9 B 94 no   

 Braconidae [sn] 10 B 90 no   

 Braconidae [mt] 1 F 38 no   

 Braconidae [mt] 1 F 83 P =0.015 –50% >3 wks 

 Braconidae [mt] 6 F 61 no   

 Braconidae (total except Cardiochiles) 
[mt] 

5 F 55 no   

  Aleiodes sp. [mt] 1 F 38 no   

  Aleiodes sp. [mt] 1 F 83 no   

  Bracon sp. [sn] 10 B 90 no   

  Cardiochiles spp. [mt] 5 F 55 P <0.05 –65% 1 wk 

  Cardiochiles spp. [mt] 6 F 61 no   

  Cardiochiles punctatus [mt] 1 F 38 no   

  Cardiochiles punctatus [mt] 1 F 83 no   

  Macrocentrus sulphureus [mt] 1 F 83 P =0.008 –70% >3 wks 

  Phanerotoma sp. [mt] 10 B 90 no   

 Dryinidae [sn] 10 B 90 no   

 Formicidae [pt] 7 F 105 no   

 Halictidae [mt] 6 F 61 P <0.05 –74% 2 wks 

 Ichneumonidae [mt] 1 F 38 P =0.05 –90% >3 wks 

 Ichneumonidae [mt] 1 F 83 P =0.001 –90% >3 wks 

 Ichneumonidae [mt] 5 F 55 no   

 Ichneumonidae [mt] 6 F 61 P <0.05 –93% 1 wk 

  Temelucha sp. 1 [mt] 1 F 38 P =0.01 –75% >3 wks 

  Temelucha sp. 1 [mt] 1 F 83 P =0.02 –80% >3 wks 

 Scolioidea [sn] 10 B 90 no   

 Sphecidae: Larrinae [mt] 1 F 38 no   

 Sphecidae: Larrinae [mt] 1 F 83 P =0.015 –55% 2 wks 

  Tachytes spp. [mt] 1 F 38 no   
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Taxon [trapping/assessment method]1 Study 
no.2 

Type3 Rate4 Significant 
effect?5 

Max. 
population 
change6 

Time to recovery7 

  Tachytes spp. [mt] 1 F 83 no   

  Tachytes spp. [mt] 5 F 55 no   

  Tachytes spp. [mt] 6 F 61 no   

 Tiphiidae        

  Mesa sp. [sn] 10 B 90 no   

  Mesa sp. [mt] 5 F 55 no   

  Mesa sp. [mt] 6 F 61 no   

  Tiphia sp. [mt] 1 F 38 no   

  Tiphia sp. [mt] 1 F 83 no   

Isoptera       

 Termitidae [prt] 7 F 105 P =0.06 –30% 4 wks, at 1 yr AT10, 11 

  Psammotermes hybostoma [prt] 7 F 105 P =0.03 –100% 1 wk, at 1 yr AT 

  Microcerotermes sp. [prt] 7 F 105 no   

Lepidoptera (larvae) [sn] 9 B 94 no   

Lepidoptera (larvae) [sn] 10 B 90 P <0.001 n.r. [–99%] n.r. [3 mths] 

Lepidoptera (adults) [sn] 10 B 90 no   

  Heliocheilus albipunctella       

  [egg parasitism (Trichogramma)] 5 F 55 no   

  [egg parasitism (Trichogramma)] 6 F 61 no   

  [larval incidence] 5 F 55 P <0.001 –50% >end of season 

  [larval incidence] 6 F 61 P <0.05 –60% >end of season 

  [larval parasitism (Copidosoma)] 5 F 55 no   

  [chrysalid density] 5 F 55 P <0.05 –75% >end of season 

  
[emerged Copidosoma mummies / 

emerged Heliocheilus chrysalids] 
5 F 55 

n.r. –75% >end of season 

Neuroptera [sn] 10 B 90 no   

Orthoptera       

 Gryllidae [sn] 10 B 90 no   

 Non-target Acrididae [sn] 9 B 94 P <0.01 n.r. [–90%] n.r. [2 mths] 

 Non-target Acrididae [sn] 10 B 90 no   

Psocoptera [sn] 9 B 94 no   

Psocoptera [sn] 10 B 90 no   

1 Trapping/assessment methods: pt = pitfall traps, mt = Malaise traps, prt = Pearce trap. 
2 Study numbers (see Annex 1 for references). 
3 Type of treatment: B = barrier, F = full cover. 
4 Application rate within the plot or barrier. 
5 Statistically significant effect of treatment, based on statistics calculated by study author. All effects are within the barrier/plot, unless 

specified otherwise. 
6 % maximum population depression (–) or increase (+). 
7 Time for effect to become statistically non-significant again (wks=weeks, mths=months, yrs=years). 
8 n.r. = not reported by study author. 
9 […] = estimate made by reviewer, often from graphs in original reports. 
10 AT = after treatment. 
11 4 wks, at 1 yr AT = a significant population change which was observed only at one year after treatment, and which lasted 4 weeks. 
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Annex 3A.  Field studies with teflubenzuron – Study setup and insecticide application 

Study  Barrier3 Sampling frequency & duration6 

Before treatment After treatment Location #1 

Eco-
system 

# 
plots2 

Plot 
size 
(ha) Width 

(m) 
Spacin
g (m) 

Rate4 

(g a.i/ha) 

[range] 

App.5 Sampling 
methods 

# Period # Period 

Remarks 

Impact of full cover, blanket treatments 

Mali – Gori Banda 3 
savanna 
grassland 

3 

3 

3 

12 

12 

12 

-- -- 

2.3 

5.3 

16.4 

A 
sweep net 

pitfall trap 

4 

4 

7 

12 days 

12 days 

18 days 

8 

8 

7 

32 days 

32 days 

26 days 

Plots were contiguous within blocks: 
cross-contamination by drift cannot be 
excluded 

1  Study number (see Annex 1 for references). 
2  Number of (replicate) plots. 
3  Only for barrier treatments. 
4  Application rate within the plot or barrier. 
5  Type of application: G = ground; A = aerial. 
6  Number (#) of sampling sessions and period over which sampling took place, before and after the treatment. 

 
 
 
Annex 3B.  Field studies with teflubenzuron – Analysis methods 

Study  Statistical assessment 

Location #1 

Type of analysis 

Comparisons tested Comments 

Limit of 
statistical 
significance 

Remarks 

Impact of full cover, blanket treatments 

Mali – Gori Banda 3 
Repeated measures – 
1-way ANOVA 

Test statistic: Relative Number (RN) = log (# 
after spraying / average# before spraying) 

# after spraying = average of days 8-12 (16.4 
g/ha plots) and 8-15 days (other plots) 

RN of treatments was the main effect tested 
(?) 

Does not allow conclusion about significance of 
treatment effects, as assessment does not 
incorporate control plot fluctuations in the 
ANOVA. 

This method likely underestimates real 
statistical differences between actual 
treatments. 

P <0.05 

Statistics used not entirely clear. 

Only limited period post-
treatment used to assess effects. 

Correction for control plot 
fluctuations only made in graphs 
and %effect calculation, after the 
statistical assessment. 

1  Study number (see Annex 1 for references) 
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Annex 4A.  Field studies with triflumuron – Study setup and insecticide application 

Study  Barrier3 Sampling frequency & duration6 

Before treatment After treatment Location #1 

Eco-
system 

# 
plots2 

Plot 
size 
(ha) Width 

(m) 
Spacin
g (m) 

Rate4 

(g a.i/ha) 

[range] 

App.5 Sampling 
methods 

# Period # Period 

Remarks 

Impact of barrier treatments 

bird transect 2 10 days 18 1 year General: only 1 plot (pseudoreplication) 

lizard transect 
& pitfall trap 

2 2 weeks 18? 1 year  

mammal pitfall 
traps & 

Sherman trap 
2 2 weeks 10? 4 months Small mammals: baited traps 

sweep net 3 3 weeks 18 1 year 

Malaise trap 3 2 weeks 17? 1 year 

pitfall trap 2 2 weeks 10 4 months 

Arthropods: sweep net sampling both in 
and between barriers; 

Malaise traps set randomly in fields;  

pitfall traps as for vertebrates, but 
arthropods (partially) protected from 
predation by wire mesh 

termite repair 
activity 

-- -- 3 7 months 

Madagascar – 
Ankazoabo 

19 

lightly 
wooded 
savanna 
grassland 

1 6500 
100 – 
220 

700 307 A 

termite colony 
mortality 

-- -- 3 
32 

months 

Termites: Mounds of Coarctotermes 
clepsydra were monitored within barriers; 
mortality also assessed between barriers 

Impact of full cover, blanket treatments 

pitfall trap 4 4 weeks 10 47 weeks 
Madagascar – 
Besatra 

11 
open 

savanna 
grassland 

1 16 -- -- 50 G 
sweep net 4 4 weeks 10 23 weeks 

Only 1 plot (pseudoreplication) 

pitfall trap 

Malaise trap 

butterfly 
transect 

spider quadrat 

4 4 weeks 12 12 weeks 

litter bag -- -- 3 12 weeks 

Madagascar – 
Itambono 13 

savanna 
grassland 1 400 -- -- 34 G 

lizard counts 8 4 weeks 24 12 weeks 

Only 1 plot (pseudoreplication) 
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Study  Barrier3 Sampling frequency & duration6 

Before treatment After treatment Location #1 

Eco-
system 

# 
plots2 

Plot 
size 
(ha) Width 

(m) 
Spacin
g (m) 

Rate4 

(g a.i/ha) 

[range] 

App.5 Sampling 
methods 

# Period # Period 

Remarks 

Mauritania – 
Akjoujt 

8 
patches 
of dense 

herbs 
2 0.25 -- -- 25 & 100 G 

pitfall trap 

direct counts 
8 16 days 13 26 days 

Only 1 plot per dose rate 
(pseudoreplication) 

1 Study number (see Annex 1 for references). 
2 Number of (replicate) plots. 
3 Only for barrier treatments. 
4 Application rate within the plot or barrier. 
5 Type of application: G = ground; A = aerial. 
6 Number (#) of sampling sessions and period over which sampling took place, before and after the treatment. 
7 Within-barrier application rate is based on the estimated average effective barrier width of 160 m. 
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Annex 4B.  Field studies with triflumuron – Analysis methods 

Study  Statistical assessment 

Location #1 

Type of analysis 

Comparisons tested Comments 

Limit of 
statistical 
significance 

Remarks 

Impact of barrier treatments 

not specified For bird data 

not specified; � 2-
test for data after 4 
months 

For lizard data 

not specified 

Not clear: seems to be treated vs. control 
on lumped pre-spray and post-spray 
(fortnightly/monthly) data for first 4 
months. 

No or unclear comparisons for rest of period 

Seems to be � 2-test also for first period 
of 4 months 

 
?? 

For mammal data 

2-way ANOVA, for 
first 4 months 

2-way (repeated 
measures) ANOVA, 
for rest of data 

Test statistic: log(pooled count+1) 

Testing for interaction between treatment & 
time & main effects of treatments after 
treatment. 

Catches were lumped in 3 post-spray 
periods (0-4 weeks, 5-12 weeks & 13-16 
weeks post-spray) 

Comparisons after 4 months are unclear 

Counts pooled per sampling site within 
the plot for Malaise and sweep net 
catches, or per plot in case of pitfall 
traps. 

In Annex 4C, only significant post-spray 
interactions are considered to indicate an 
effect of treatment. 

Data after 4 months not included in 
Annex 4C 

P <0.1 
For pitfall, sweep net & Malaise trap 
data 

Fisher’s exact test Repair activity: treated vs. control 

Madagascar – Ankazoabo 19 

� 2-test 
Colony mortality: among treatments 

 

Allows conclusion about overall 
significance of effects and about their 
duration 

No stats for assessment at 14 and 32 
months 

P <0.05 For termite data 

Impact of full cover, blanket treatments 

Madagascar – Besatra 11 

t-test (acute effects) 

1-way ANOVA 
(longer term effects) 

 

Test statistic (D) = log(count+1)treated - 
log(count+1)mean control 

Testing Dbefore vs. Dafter 

Acute effect: Dafter = D 1 week after treatment 

Other effects: Dafter = D 1-3 weeks after treatment or = 

D 4-6 weeks after treatment or = D 8-17 weeks after treatment 

BACI design 

Allows conclusion about overall 
significance of effects and about their 
duration 

Newman-Keuls multiple range test to 
separate means 

P <0.1 

For all arthropod catch/count data 

For some taxa/trapping methods, 
D1-4 and D5-8 are the only post-
treatment periods tested 

 

 

 

 

 

      



  page 55 

Study  Statistical assessment 

Location #1 

Type of analysis 

Comparisons tested Comments 

Limit of 
statistical 
significance 

Remarks 

t-test (acute effects) 

1-way ANOVA 
(longer term effects) 

Test statistic (D) = log(count+1)treated - 
log(count+1)paired control 

Testing Dbefore vs. Dafter 

Acute effect: Dafter = D 1 week after treatment 

Other effects: Dafter = D 1-4 weeks after treatment or = 

D 5-8 weeks after treatment or = D 9-12 weeks after treatment 

BACI design 

Allows conclusion about overall 
significance of effects and about their 
duration 

Newman-Keuls multiple range test to 
separate means 

For all arthropod catch/count data 

Nonparametric 
Friedman ANOVA 

Main effect is treatment (for each sampling 
date) 

 

P <0.1 

For litter bag data 
Madagascar – Itambono 13 

1-way ANOVA 

Test statistic (D) = log(count+1)treated - 
log(count+1)paired control 

Testing Dbefore vs. Dafter 

with Dafter = D 1-4 weeks after treatment or = D 5-8 weeks 

after treatment or = D 9-12 weeks after treatment 

BACI design 

Allows conclusion about overall 
significance of effects and about their 
duration 

Tukey’s HSD test to separate means 

P <0.05 For lizard count data 

Mauritania – Akjoujt 8 1-way ANOVA 

Test statistic (D) = log(count+1)treated - 
log(count+1)mean control 

Testing Dbefore vs. Dafter 

with Dafter = D 1-12 days after treatment or = D 13-26 days 

after treatment  

BACI design 

Allows conclusion about overall 
significance of effects and about their 
duration 

Newman-Keuls multiple range test to 
separate means 

P <0.05  

1  Study number (see Annex 1 for references) 
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Annex 4C.  Field studies with triflumuron – Impact on terrestrial arthropods 

Taxon [trapping/assessment method]1 Study 
no.2 

Type3 Rate4 Significant 
effect?5 

Max. 
population 
change6 

Time to recovery7 

Organic matter breakdown [litter bags] 13 F 34 no   

All insects [pt] 11 F 50 no   

All insects [pt] 13 F 34 no   

All insects [mt] 13 F 34 P <0.01 –37% 1 wk 

Araneae [mt] 11 F 50 no   

Araneae [sn] 11 F 50 no   

Araneae [sn] 19 B 30 no   

Araneae – immatures [sn] 19 B 30 no   

Araneae [pt] 13 F 34 no   

Araneae [qc] 13 F 34 no   

Araneae [mt] 13 F 34 no   

 Araneidae [pt] 11 F 50 P <0.05(?) n.r.8 [–100%]9 
n.r. 

[>8 wks, at 5 wks  AT] 10, 11 

 Araneidae [sn] 11 F 50 P <0.05(?) n.r. [–76%] n.r. [>14 wks, at 3 wks AT] 

 Araneidae [sn] 19 B 30 P <0.05 n.r. 5-12 wks AT 

 Araneidae – immatures [sn] 19 B 30 P <0.001 n.r. 5-12 wks AT 

 Araneidae [pt] 13 F 34 no   

 Araneidae [qc] 13 F 34 no   

 Clubionidae [sn] 19 B 30 P <0.05 n.r. 
4 wks, at 1 and at 13 wks 
AT 

 Oxyopidae [sn] 19 B 30 no   

  Oxyopes sp.1 [sn] 19 B 30 no   

  Oxyopes sp.1 – immat. [sn] 19 B 30 no   

  Peucetia sp.1 [sn] 19 B 30 P <0.05 n.r. >12 wks, at 5 wks AT 

  Peucetia sp.1 – immat. [sn] 19 B 30 P <0.05 n.r. >12 wks, at 5 wks AT 

 Philodromidae [pt] 11 F 30 P <0.05(?) n.r. [–70%] n.r. [>16 wks, at 1 wks  AT] 

 Philodromidae [pt] 13 F 34 no   

 Philodromidae [qc] 13 F 34 no   

 Philodromidae [sn] 19 B 30 P <0.05 n.r. >4 wks, at 13 wks AT 

  Thanatus sp. [pt] 8 F 25 no   

  Thanatus sp. [pt] 8 F 100 P <0.05 [–55%] >26 days 

  Thanatus sp. [qc] 8 F 25 no   

  Thanatus sp. [qc] 8 F 100 P <0.05 [–51%] >26 days 

  Tibellus sp.1 [sn] 19 B 30 no   

  Tibellus sp.1 – immat. [sn] 19 B 30 P =0.057 n.r. 12 wks 

 Salticidae [pt] 13 F 34 no   

 Salticidae [sn] 19 B 30 P <0.01 n.r. >4 wks, at 13 wks AT 

 Theridiidae [sn] 19 B 30 P <0.001 n.r. >4 wks, at 13 wks AT 

 Thomisidae [sn] 19 B 30 no   

Coleoptera [pt] 11 F 50 no   

Coleoptera [pt] 13 F 34 no   
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Taxon [trapping/assessment method]1 Study 
no.2 

Type3 Rate4 Significant 
effect?5 

Max. 
population 
change6 

Time to recovery7 

Coleoptera [mt] 13 F 34 no   

Coleoptera (not carabids & Z.m or G.t.) [pt] 13 F 34 no   

Coleoptera [sn] 19 B 30 P <0.01 n.r. 4 wks 

 Bruchidae [sn] 19 B 30 P <0.001 n.r. >12 wks 

 Carabidae [pt] 11 F 50 no   

 Carabidae [pt] 13 F 34 no   

 Tenebrionidae       

  Zophosis madagascariensis [pt] 11 F 50 no   

  Zophosis madagascariensis [pt] 13 F 34 no   

  Glyptophrynus tenuesculptus [pt] 13 F 34 P <0.1 –57% >12 wks 

 Phalacridae       

  Phalacrus sp. [sn] 19 B 30 P <0.01 n.r. (increase) 8 wks, at 5 wks AT 

Collembola [pt] 11 F 50 no   

Collembola [pt] 13 F 34 no   

Diptera [pt] 11 F 50 no   

Diptera [pt] 13 F 34 no   

Diptera [mt] 13 F 34 P <0.05 –41% 1 wk 

Diptera [mt] 19 B 30 no   

Diptera [sn] 19 B 30 P <0.05 n.r. >4 wks, at 13 wks AT 

- Nematocera [pt] 13 F 34 no   

- Nematocera [mt] 13 F 34 no   

- Nematocera [mt] 19 B 30 P =0.06 n.r. 12 wks 

- Nematocera [sn] 19 B 30 P <0.05 n.r. >16 wks 

- Brachycera [pt] 13 F 34 no   

- Brachycera [pt] 13 F 34 P <0.01 –46% 1 wk 

- Brachycera [mt] 19 B 30 no   

 Asilidae [mt] 13 F 34 no   

 Asilidae [sn] 19 B 30 P <0.01 n.r. 8 wks, at 5 wks AT 

 Asilidae [mt] 19 B 30 no   

 Phoridae [mt] 19 B 30 no   

 Pipunculidae [mt] 13 F 34 no   

 Pipunculidae [sn] 19 B 30 P <0.01 n.r. 12 wks 

 Pipunculidae [mt] 19 B 30 no   

 Hippoboscidae       

  Hippobosca variegata [mt] 13 F 34 no   

 Tephritidae [mt] 19 B 30 no   

Heteroptera [pt] 11 F 50 P <0.1 –83% >9 wks, at 8 wks AT 

Heteroptera [pt] 13 F 34 no   

Heteroptera [mt] 13 F 34 no   

Heteroptera [sn] 11 F 50 no   

Homoptera [pt] 13 F 34 no   

Homoptera [mt] 13 F 34 P <0.1 –38% >7 wks, at 5 wks AT 



  page 58 

Taxon [trapping/assessment method]1 Study 
no.2 

Type3 Rate4 Significant 
effect?5 

Max. 
population 
change6 

Time to recovery7 

 Cicadellidae [mt] 13 F 34 no   

Hymenoptera [sn] 19 B 30 no   

Hymenoptera (excluding ants) [pt] 11 F 50 no   

Hymenoptera (excluding ants) [mt] 13 F 34 P <0.1 –45% >7 wks, at 5 wks AT 

Hymenoptera (excluding ants) [mt] 19 B 30 no   

- Aculeata [mt] 13 F 34 no   

- Parasitica [pt] 13 F 34 no   

- Parasitica [mt] 13 F 34 P <0.1 –44% >7 wks, at 5 wks AT 

 Apoidea [mt] 19 B 30 no   

 Braconidae [sn] 19 B 30 no   

 Braconidae [mt] 19 B 30 no   

 Chalcidoidea [sn] 19 B 30 no   

 Chalcidoidea [mt] 19 B 30 no   

 Formicidae [pt] 11 F 50 no   

 Formicidae [pt] 13 F 34 P <0.1 –38% 1-4 wks 

 Pompiloidea [mt] 19 B 30 no   

 Proctotrupoidea [mt] 19 B 30 no   

 Sphecidae [mt] 19 B 30 no   

 Tiphiidae [sn] 19 B 30 P <0.05 n.r. 4 wks 

 Tiphiidae [mt] 19 B 30 no   

Isoptera [pt] 11 F 50 no   

Isoptera [pt] 13 F 34 P <0.1 –79% >3 wks, at 9 wks AT 

 Termitidae       

  Coarctotermes clepsydra       

  [Mount repair activity] 19 B 30 P =0.032 –38% at 6 mths AT 

  [Colony mortality] 19 B 30 
no 

no stats 
 

[–4.6%] 

at 6 mths AT 

at 32 mths AT 

Lepidoptera [pt] 13 F 34 no   

Lepidoptera [mt] 13 F 34 P <0.05 –64% >3 wks, at 9 wks AT 

Lepidoptera [tc] 13 F 34 P <0.1 –88% >3 wks, at 9 wks AT 

Lepidoptera [sn] 19 B 30 no   

Lepidoptera - larvae [sn] 19 B 30 no   

Lepidoptera [mt] 19 B 30 no  only 4 wks of trapping 

 Lycaenidae [mt] 19 B 30 no  only 4 wks of trapping 

 Noctuidae [mt] 19 B 30 no  only 4 wks of trapping 

 Nymphalidae [mt] 19 B 30 no  only 4 wks of trapping 

  Biblia anvatara [mt] 19 B 30 no  only 4 wks of trapping 

 Sphingidae [mt] 19 B 30 no  only 4 wks of trapping 

Orthoptera [pt] 11 F 50 P <0.01 –84% >17 wks 

Orthoptera [pt] 13 F 34 no   

Orthoptera [mt] 13 F 34 no   

Orthoptera [sn] 11 F 50 P <0.05(?) n.r. n.r. [17 wks] 
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Taxon [trapping/assessment method]1 Study 
no.2 

Type3 Rate4 Significant 
effect?5 

Max. 
population 
change6 

Time to recovery7 

Orthoptera [sn] 19 B 30 no   

- Caelifera [pt] 11 F 50 P <0.05 –7% 1 wk 

- Caelifera [sn] 11 F 50 P <0.05(?) n.r. n.r. [17 wks] 

 Acrididae [sn] 19 B 30 no   

 “non-target (nt) grasshoppers” [sn] 19 B 30 P <0.001 n.r. 4 wks 

 “nt grasshoppers-nymphs” [sn] 19 B 30 no   

- Ensifera [pt] 11 F 50 no   

- Ensifera [pt] 11 F 50 no   

 Gryllidae [sn] 19 B 30 P <0.01 n.r. 8 wks, at 5 wks AT 

 Tettigonidae [sn] 19 B 30 P <0.05 n.r. 8 wks, at 5 wks AT 

Psocoptera [mt] 13 F 34 no   

Thysanoptera [mt] 13 F 34 P <0.01 –98% 5 wks 

Thysanura [pt] 13 F 34 P<0.1 –31% 1 wk 

1  Trapping/assessment methods: pt = pitfall traps, mt = Malaise traps, sn = sweep net, tc = transect counts, qc = quadrat counts. 
2  Study numbers (see Annex 1 for references). 
3  Type of treatment: B = barrier, F = full cover. 
4  Application rate within the plot or barrier. 
5  Statistically significant effect of treatment, based on statistics calculated by study author. All effects are within the barrier/plot, unless 

specified otherwise. 
6  % maximum population depression (–) or increase (+). 
7  Time for effect to become statistically non-significant again (wks=weeks, mths=months, yrs=years). 
8  n.r. = not reported by study author. 
9  […] = estimate made by reviewer, often from graphs in original reports. 
10  AT = after treatment. 
11  >8 wks, at 5 wks AT =a significant population which change was observed only at five weeks after treatment, and which lasted more than 

8 weeks. 
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Annex 5A.  Field studies with fipronil – Study setup and insecticide application 

Study  Barrier3 Sampling frequency & duration6 

Before treatment After treatment Location #1 

Eco-
system 

# 
plots2 

Plot 
size 
(ha) Width 

(m) 
Spacin
g (m) 

Rate4 

(g a.i/ha) 

[range] 

App.5 Sampling 
methods 

# Period # Period 

Remarks 

Impact of barrier treatments 

bird transect 2 10 days 18 1 year 
General: only 1 plot 
(pseudoreplication) 

lizard transect & 
pitfall trap 

2 2 weeks 18? 1 year  

mammal pitfall 
traps & Sherman 

trap 
2 2 weeks 10? 4 months 

Small mammals: baited traps; 
Echinops monitored for 1 year 

sweep net 3 3 weeks 18 1 year 

Arthropods: sweep net sampling both 
in and between barriers; 

Malaise traps set randomly in fields;  

pitfall traps as for vertebrates, but 
arthropods (partially) protected from 
predation by wire mesh 

Malaise trap 3 2 weeks 17? 1 year  

pitfall trap 2 2 weeks 10 4 months  

termite repair 
activity -- -- 3 7 months 

Madagascar – 
Ankazoabo 19 

lightly 
wooded 
savanna 
grassland 

1 4500 
120 – 
220 780 4.37 A 

colony mortality -- -- 3 
32 

months 

Termites: Mounds of Coarctotermes 
clepsydra were monitored within 
barriers; mortality also assessed 
between barriers 

Senegal – 
Sadio 27 grassland 1 65 100 500 60 G 

pitfall trap 

termite & ant 
transect 

- - 3 23 weeks  

Impact of RAAT 

Kazakhstan – 
Stepnyak 

23 
fallow 

grassland 
4 25 40 40 4 (or 8?) G 

sweep net 

pitfall trap 

2 

2 

9 days 

7 days 

10 

10 

49 days 

49 days 
Terrestrial arthropod plots. Application 
rate not clear from report 

Russia – Ust-
Ordynsky 

26 
grassland 

steppe 
2 15 30 30 4 G sweep net 1 1 day 6 21 days 
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Study  Barrier3 Sampling frequency & duration6 

Before treatment After treatment Location #1 

Eco-
system 

# 
plots2 

Plot 
size 
(ha) Width 

(m) 
Spacin
g (m) 

Rate4 

(g a.i/ha) 

[range] 

App.5 Sampling 
methods 

# Period # Period 

Remarks 

Impact of full cover, blanket treatments 

Australia – 
Flinders 
Ranges 

25 n.r. 9 n.r. -- -- n.r. n.r. n.r. 1? n.r. 1? n.r. Aquatic macro-invertebrates 

Kazakhstan – 
Stepnyak 

23 steppe 1 100 [100] [100] 4 (or 8?) G 
transects 

carcasses 

2 

- 

16 days 

- 

7 

7 

6 weeks 

6 weeks 
Bird plots. Full cover spray on 60 ha; 
RAAT on 40 ha 

Kazakhstan – 
Pavlodar 
Oblast 

24 reservoirs ? ? -- -- ? ? 
plankton net 

invertebrate net 
1 ? 4 30 days 

Aquatic studies: Reservoirs not directly 
treated, but effects from insecticide 
applications at 2-3 km distance were 
presumed. Causal links between 
treatments and effects unclear. 

repair activity -- -- 3 14 days Madagascar – 
Ampoza 

20 savanna 1 2.25 -- -- 4 G 
colony mortality -- -- 4 5 wks 

Termites: species not specified 

colony mortality -- -- 2 
4 wks & 
18 mts 

Termites: species not specified 

pitfall trap 2 2 wks 6 6 wks Small mammals & reptiles 

sweep net 2 2wks 7 7 wks Terrestrial arthropods 

quadrat count 1 1 wk 7 7 wks Spiders 

Madagascar – 
Ankazoabo 

21 savanna 1 5 -- -- 4 G 

pitfall trap (small) 

pitfall trap (large) 
2 2wks 6 6 wks 

Spiders & ants 

Carabid/tenebrionid beetles & crickets 

repair activity 1 1 wk 5 24 wks 

colony mortality 1 1 wk 5 24 wks 

Termites: mound repair activity and 
colony mortality were of 
Coarctotermes clepsydra 

pitfall trap 

sweep net 
1 1 wk 5 24 wks Terrestrial arthropods 

transect count 

pitfall trap 
1 1 wk 5 24 wks Lizards 

live trap 1 1 wk 5 24 wks Small mammals 

diet   1 24 wks Small mammals & lizards 

Madagascar – 
Malaimbandy 

22 

open 
woodland 
and grass 
savanna 

2 100 -- -- 3.2 & 4.0 A 

net -- -- 1 ?? Aquatic macro-invertebrates 
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Study  Barrier3 Sampling frequency & duration6 

Before treatment After treatment Location #1 

Eco-
system 

# 
plots2 

Plot 
size 
(ha) Width 

(m) 
Spacin
g (m) 

Rate4 

(g a.i/ha) 

[range] 

App.5 Sampling 
methods 

# Period # Period 

Remarks 

15.7 

8.1 

28.1 

-- -- 

3.6 

4.2 

13.4 

pitfall trap 

Malaise trap 

yellow plate 

1 

1 

1 

2 days 

2 days 

3 days 

4 

12 

4 

16 days 

12 days 

28 days 

Two additional plots were sprayed but 
only qualitative data collected 

Only 1 plot per dose rate 
Mauritania – 
Grârat el Frass 

12 wadi 3 

11.0 -- -- 19.4 

G 

bird counts 1 1 day 1 10 days Qualitative data only 

pitfall trap 1 1 day 23 23 days 

transect count 1 1 day 23 23 days 

transect count 1 1 day 7 20 days 

Morocco – 
Dakhla 14 grassland 1 31.3 -- -- 7.7 G 

live trap ? ? ? ? 

Only 1 plot per dose rate 

pitfall trap 1 2 days 7 7 days Morocco – 
Mhirija 

17 
grassland 
& fallow 

3 1 -- -- 3.8 – 4 G 
yellow plate 1 2 days 6 6 days 

 

baited pitfall trap 

Malaise trap 

yellow plate 

2 15 days 4 32 days Niger – 
Banizoumbou 

15 
fallow 
land 

2 9 -- -- 1 & 2 G 

ant activity -- -- 3 22 days 

Only 1 plot per dose rate 

Russia – Ust-
Ordynsky 26 

grassland 
steppe 2 16.2 -- -- 4 G 

pitfall trap 

sweep net 
1 1 day 6 21 days  

pitfall trap 6 6 wks 9 1 yr 

Pearce trap  

gallery count 
6 6 wks 15 4 yrs 

Senegal – 
Fété-Olé 18 savanna 4 1.6 -- -- 

11.4 

[9.9 – 
12.5] 

G 

Berlese funnel -- -- 2 2 yrs 

 

pitfall trap 1 1 day 5  1 yr 

sweep net 1 1 day 5  1 yr 

yellow trap 1 1 day 5  1 yr 
South Africa – 
Hanover 
District 

16 
Karoo 

grass- & 
shrubland 

6 9 -- -- 60 G 

carcasses -- -- 1 2 days 

3 plots were studied after summer 
treatments and 3 other after winter 
treatments. During each season, the 3 
plots were then installed on different 
vegetation types. 

Only total number of insects caught, 
and total number of families, included 
in analysis. 
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Study  Barrier3 Sampling frequency & duration6 

Before treatment After treatment Location #1 

Eco-
system 

# 
plots2 

Plot 
size 
(ha) Width 

(m) 
Spacin
g (m) 

Rate4 

(g a.i/ha) 

[range] 

App.5 Sampling 
methods 

# Period # Period 

Remarks 

1  Study number (see Annex 1 for references). 
2  Number of (replicate) plots. 
3  Only for barrier treatments. 
4  Application rate within the plot or barrier. 
5  Type of application: G = ground; A = aerial. 
6  Number (#) of sampling sessions and period over which sampling took place, before and after the treatment. 
7  Within-barrier application rate is based on the estimated average effective barrier width of 170 m. 
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Annex 5B.  Field studies with fipronil – Analysis methods 

Study  Statistical assessment 

Location #1 

Type of analysis 

Comparisons tested Comments 

Limit of 
statistical 
significance 

Remarks 

Impact of barrier treatments 

not specified For bird data 

not specified; � 2-test 
for data after 4 months 

For lizard data 

not specified; 1-way 
ANOVA for data after 4 
months 

Not clear: Seems to be treated vs. control on 
lumped pre-spray and post-spray 
(fortnightly/monthly) data for first 4 months. 

No or unclear comparisons for rest of period 

Seems to be � 2-test also for first 4 months 
(which would allow insecticide impact to be 
tested) 

?? 

For mammal data 

2-way ANOVA, for first 
4 months 

2-way, repeated 
measures ANOVA, for 
rest of data 

Test statistic: log(pooled count+1) 

Testing for interaction between treatment & 
time & main effects of treatments after 
treatment. 

Catches were lumped in 3 post-spray periods 
(0-4 weeks, 5-12 weeks & 13-16 weeks post-
spray) 

Comparisons after 4 months are unclear 

Counts pooled per sampling site within the plot 
for Malaise and sweep net catches, or per plot in 
case of pitfall traps. 

In Annex 5C, only significant post-spray 
interactions are considered to indicate an effect 
of treatment. 

Data after 4 months not included in Annex 5C 

P <0.1 
For pitfall, sweep net & Malaise trap 
data 

Fisher’s exact test Repair activity: treated vs. control 

Madagascar – 
Ankazoabo 19 

� 2-test Colony mortality: among treatments 

Allows conclusion about overall significance of 
effects and about their duration 

No stats for assessment at 14 and 32 months 
P <0.05  

Senegal – 
Sadio 27 1-way ANOVA 

“Main treatment effect” (barrier vs. inter-
barrier vs. untreated plots), for each sampling 
date 

Comparisons and statistical tests not clearly 
described in report. 

Does not allow conclusion about significance of 
treatment effects, since no pre-treatment data 
and/or no comparison with untreated control plot 

P <0.05 
Only 1 plot (pseudoreplication) 

No pre-spray samples 

Impact of RAAT 

Kazakhstan – 
Stepnyak 23 No statistical assessments carried out. Only the averages of the 4 sampled plots reported 

Russia – Ust-
Ordynsky 

26 No statistical assessments carried out. 

Impact of full cover, blanket treatments 

Australia – 
Flinders 
Ranges 

25 No statistical assessments described. 
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Study  Statistical assessment 

Location #1 

Type of analysis 

Comparisons tested Comments 

Limit of 
statistical 
significance 

Remarks 

Kazakhstan – 
Stepnyak 

23 
No statistical assessments carried out. Bird plots were not replicated 

Kazakhstan – 
Pavlodar 
Oblast 

24 No statistical assessments carried out. 

Madagascar – 
Ampoza 

20 No statistical assessments carried out. 

No statistical assessments carried out. 
For termites, arthropod sweep net catches, spider 
quadrat counts 

  

� 2-test 
Treated vs. control, for pre-treatment 
compared to subsequent 2-week post 
treatment periods 

For small mammals & reptiles ? Very few actual statistics reported Madagascar – 
Ankazoabo 

21 

� 2-test 
Treated vs. control, each time for successive 
trapping periods 

For terrestrial arthropods in pitfall traps 

Wrong comparison: does not allow conclusions 
about a treatment, nor its duration 

P <0.05  

1-way ANOVA Treatment as main effect For mound repair activity & colony mortality P <0.05  

1-way ANOVA 
Test statistic (D) = log(pre-spray) – log(post- 
spray) 

D then tested as main effect. 

For sweep net and pitfall samples 

Sidak’s multiple comparison of means 

Does allow conclusion about overall significance 
and about their duration 

P <0.1 
Peveling et al (2003) average out all 
the post-spray catches, rather than 
assess them separately 

Repeated measures 
ANOVA 

Test on post-spray data with treatment as 
between-subject factor and pre-spray 
abundance as covariable. 

For lizard transect counts P <0.05  

Madagascar – 
Malaimbandy 

22 

1-way ANOVA Treatment as main effect 
For tenrec catches 

Sidak’s multiple comparison of means 
P <0.05  

Mauritania – 
Grârat el Frass 

12 No statistical assessments carried out. But numbers in treated plots corrected for untreated (paired?) control values  

Morocco - 
Dakhla 14 Statistical assessment reportedly carried out, but no details on methods or results presented. Graphs do not always seem to correspond with the text 

Morocco – 
Mhirija 

17 

MANOVA 

Kruskal-Wallis 

Mann-Whitney 

Treatment as main effect, for each date AT (?) 
Not clear which test used for what comparison 

Not clear how pre-treatment data are used 
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Study  Statistical assessment 

Location #1 

Type of analysis 

Comparisons tested Comments 

Limit of 
statistical 
significance 

Remarks 

Niger – 
Banizoumbou 

15 2-way ANOVA 

Testing for interaction between treatment and 
time 

Short term effects = samples day2+3 + 
day10+11; medium term effects = samples 
day19+20 or day31+32 

BACI design  

Does allow conclusion about overall significance 
of site (= treatment effect on 1 unreplicated plot) 
and of its duration 

P <0.05 

Post-treatment survival rate was 
corrected for control fluctuations 

Conclusions in text about 
significance of effects were not 
always consistent with the described 
methodology 

No stats for ant activity parameters 

Russia – Ust-
Ordynsky 

26 No statistical assessments carried out. 

Senegal – 
Fété-Ole 18 

2-way ANOVA 

t-test 

Tested are average before vs. individual after 
values of test parameter: [ln(treated) – 
ln(control] (within blocks), under the condition 
that interaction between blocks and 
treatments is significant 

Gallery counts tested with t-test 

BACI & ANOVA mix 

Does allow conclusion about overall significance 
of site treatment effect and of its duration 

P <0.05 
Statistical method for assessment of 
Berlese funnel data not reported 

South Africa – 
Hanover 
District 

16 2-way ANOVA 
Main effects (absolute counts) for time and 
treatment 

Separation of means using Tukey’s test. 

This analysis does not allow impact of specific 
insecticides to be assessed; authors should have 
looked at significant interactions as basis for 
comparison. 

P <0.05 
Conclusions not supported by 
statistics 

1  Study number (see Annex 1 for references) 
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Annex 5C.  Field studies with fipronil – Impact on terrestrial arthropods 

Taxon [trapping/assessment method]1 Study 
no.2 

Type3 Rate4 Significant 
effect?5 

Max. 
population 
change6 

Time to recovery7 

Acari [bf] 18 F 11.4 P <0.05 [–60%]9 1 year 

Araneae [sn] 19 B 4.3 no   

Araneae [sn] 22 F 3.2-4.0 P <0.01 –78% >24 wks 

Araneae [pt] 22 F 3.2-4.0 P <0.05 –74% 2 wks, at 22 wks AT10, 11 

Araneae – immatures [sn] 19 B 4.3 P =0.06 n.r.8 >12 wks, at 5 wks AT 

 Araneidae [sn] 19 B 4.3 no   

 Araneidae – immatures [sn] 19 B 4.3 P =0.06 n.r. >4 wks, at 13 wks AT 

 Clubionidae [sn] 19 B 4.3 no   

 Oxyopidae [sn] 22 F 3.2-4.0 P <0.001 –99% >24 wks 

 Oxyopidae [sn] 19 B 4.3 no   

  Peucetia sp. 1 [sn] 19 B 4.3 P <0.001 n.r. 8 wks, at 5 wks AT 

  Peucetia – immatures sp1 [sn] 19 B 4.3 P <0.001 n.r. 8 wks, at 5 wks AT 

 Philodromidae [sn] 19 B 4.3 no   

  Tibellus sp. 1 [sn] 19 B 4.3 no   

  Tibellus sp. 1 – immatures [sn] 19 B 4.3 no   

 Salticidae [sn] 19 B 4.3 P <0.001 n.r. >4 wks 

 Salticidae [sn] 22 F 3.2-4.0 P <0.001 –82% >24 wks 

 Salticidae [pt] 22 F 3.2-4.0 P <0.05 –92% 16 wks, at 8 wks AT 

 Theridiidae [sn] 19 B 4.3 P <0.05 n.r. >4 wks, at 13 wks AT 

 Thomisidae [sn] 19 B 4.3 no   

Coleoptera [pt] 14 F 7.7 no stats [–95%] [>3 wks] 

Coleoptera [sn] 19 B 4.3 no   

Coleoptera [sn] 22 F 3.2-4.0 P <0.05 –69% 8 wks 

(note: also a 2 wk, 83% 
decrease at 22 wks AT) 

 Bruchidae [sn] 19 B 4.3 P <0.05 n.r. 12 wks 

 Carabidae [pt] 12 F 13.4 no stats [–99%] > 4 wks 

 Carabidae [pt] 12 F 4.2 no stats [–99%] > 12 days 

 Carabidae [pt] 18 F 11.4 P <0.05 n.r. 1 wk 

(note: increase 1 year AT) 

  Angoleus wollastoni [pt] 12 F 13.4 no stats [–98%] > 4 wks 

  Angoleus wollastoni [pt] 12 F 4.2 no stats [–95%] > 12 days 

  Brachinus nobilis [pt] 12 F 13.4 no stats [–99%] > 4 wks 

  Chlaenius transversalis [pt] 12 F 13.4 no stats –100% > 4 wks 

  Ctenosta senegalensis [pt] 15 F 1 P <0.001 –95% > 4 wks 

  Ctenosta senegalensis [pt] 15 F 2 no   

 Curculionidae [pt] 18 F 11.4 P <0.05 n.r. 1 wk, at 3 wks AT 

 Elateridae [pt] 18 F 11.4 P <0.05 n.r. 1 wk, at 1 year AT 

 Histeridae [pt] 18 F 11.4 P <0.05 n.r. 1 wk, at 3 wks AT 

 Phalacridae       

  Phalacrus sp. [sn] 19 B 4.3 P <0.05 n.r. 8 wks, at 5 wks AT 
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Taxon [trapping/assessment method]1 Study 
no.2 

Type3 Rate4 Significant 
effect?5 

Max. 
population 
change6 

Time to recovery7 

 Scarabaeidae [pt] 18 F 11.4 no   

 - Scarabaeinae [pt] 15 F 1 P <0.001 –79% 3 wks 

 - Scarabaeinae [pt] 15 F 2 no   

 Tenebrionidae [pt] 22 F 3.2-4.0 no   

 Tenebrionidae [pt] 12 F 13.4 no stats [–99%] > 4 wks 

 Tenebrionidae [pt] 12 F 4.2 no stats [–96%] > 12 days 

 Tenebrionidae [pt] 12 F 3.6 no stats [–70%] > 15 days 

 Tenebrionidae [pt] 18 F 11.4 P <0.001 n.r. 5 wks 

  Diodontes porcatus [pt] 15 F 1 no   

  Diodontes porcatus [pt] 15 F 2 no   

  Gonocephalum patruele [pt]  12 F 13.4 no stats –100% > 4 wks 

  Gonocephalum patruele [pt] 12 F 4.2 no stats –100% > 12 days 

  Gonocephalum setulosum [pt] 12 F 13.4 no stats –100% > 4 wks 

  Mesostena angustata [pt] 12 F 13.4 no stats –100% > 4 wks 

  Mesostena angustata [pt] 12 F 4.2 no stats –100% > 12 days 

  Pimelia cultrimargo [pt] 15 F 1 P <0.001 n.r. > 4 wks 

  Pimelia cultrimargo [pt] 15 F 2 no   

  Pimelia senegalensis [pt] 12 F 13.4 no stats [–99%] > 4 wks 

  Pimelia senegalensis [pt] 12 F 4.2 no stats [–96%] > 12 days 

  Pimelia senegalensis [pt] 18 F 11.4 no   

  Polpogonia sp. [pt] 18 F 11.4 P <0.01 n.r. 4 wks 

  Scleron orientale [pt] 12 F 13.4 no stats –99% > 4 wks 

  Scleron orientale [pt] 12 F 4.2 no stats [–96%] > 12 days 

  Vieta senegalensis [pt] 15 F 1 no   

  Vieta senegalensis [pt] 15 F 2 P <0.01 n.r. 3 wks 

  Zophosis quadrilineata [pt] 15 F 1 no   

  Zophosis quadrilineata [pt] 15 F 2 no   

  Zophosis quadrilineata [pt] 18 F 11.4 P <0.01 n.r. 2 wks 

  Zophosis trilineata [pt] 18 F 11.4 P <0.001 n.r. 5 wks 

  Zophosis spp. [pt] 22 F 3.2-4 P <0.01 –63% 22 wks 

Collembola [bf] 18 F 11.4 no   

Collembola [pt] 22 F 3.2-4 P <0.01 –87% 2 wks, at 22 wks AT 

Diptera [yt] 12 F 13.4 no stats [+770%] > 4 wks 

Diptera [mt] 12 F 13.4 no stats variable  

Diptera [mt] 19 B 4.3 no   

Diptera [sn] 19 B 4.3 P <0.05 n.r. >4 wks, at 13 wks AT 

- Brachycera [mt] 19 B 4.3 no   

- Brachycera [sn] 22 F 3.2-4 no   

- Nematocera [sn] 19 B 4.3 P =0.07 n.r. 8 wks, at 5 wks AT 

- Nematocera [mt] 19 B 4.3 no   

 Asilidae [mt] 15 F 1 P <0.05 n.r. > 4 wks 

 Asilidae [mt] 15 F 2 P <0.05 n.r. 3 wks 
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Taxon [trapping/assessment method]1 Study 
no.2 

Type3 Rate4 Significant 
effect?5 

Max. 
population 
change6 

Time to recovery7 

 Asilidae [mt] 19 B 4.3 no   

 Asilidae [sn] 19 B 4.3 no   

 Phoridae [mt] 19 B 4.3 no   

 Pipunculidae [sn] 19 B 4.3 no   

 Pipunculidae [mt] 19 B 4.3 no   

 Tephritidae [mt] 19 B 4.3 no   

Homoptera [sn] 22 F 3.2-4 P <0.001 –86% 8 wks 

Heteroptera [sn] 22 F 3.2-4 P <0.05 –65% 8 wks 

Hymenoptera [yt] 12 F 13.4 no stats –83% > 4 wks 

Hymenoptera [mt] 12 F 13.4 no stats –73% > 18 days 

Hymenoptera (excluding ants) [mt] 19 B 4.3 no   

Hymenoptera (excluding ants) [sn] 22 F 3.2-4.0 no   

Hymenoptera [sn] 19 B 4.3 P <0.05 n.r. 4 wks, at 5 wks AT 

 Apoidea [yt] 12 F 13.4 no stats variable  

 Apoidea [mt] 19 B 4.3 no   

 Braconidae [mt] 15 F 1 P <0.05 –35% > 2 wks, at 3 wks AT 

 Braconidae [mt] 15 F 2 P <0.01 –62% > 4 wks 

 Braconidae [mt] 19 B 4.3 no   

 Braconidae [sn] 19 B 4.3 P <0.001 n.r. 8 wks, at 5 wks AT 

 Chalcidoidea [sn] 19 B 4.3 no   

 Chalcidoidea [mt] 19 B 4.3 no   

 Formicidae [sn] 22 F 3.2-4.0 P <0.01 –92% 16 wks 

 Formicidae [pt] 14 F 7.7 no stats [–90%] [> 3 wks] 

 Formicidae [pt] 17 F 3.8 - 4 no stats –94% > 7 days 

 Formicidae [pt] 18 F 11.4 P <0.001 n.r. > 1 yr 

 Formicidae [pt] 22 F 3.2-4.0 no   

 Formicidae       

 [sugar consumption] 15 F 1 no stats [–38%] [10 days] 

 [sugar consumption] 15 F 2 no stats [–78%] [20 days] 

 [walking activity] 15 F 1 no stats [–70%] [10 days] 

 [walking activity] 15 F 2 no stats [–80%] [10 days] 

  Cataglyphis sp. 1 [pt] 18 F 11.4 P <0.001 n.r. 1 wk, at 1 year AT 

  Crematogaster sp. [pt] 18 F 11.4 P <0.01 n.r. > 3 wks, at 1 year AT 

  Lepisiota sp. 1 [pt] 18 F 11.4 P <0.01 n.r. > 2 yrs 

  Monomorium sp.1 [pt] 18 F 11.4 P <0.05 n.r. > 2 yrs 

 Pompiloidea [mt] 19 B 4.3 no   

 Proctotrupoidea [mt] 19 B 4.3 no   

 Scelionidae [yt] 12 F 13.4 no stats –97% > 4 wks 

 Scelionidae [mt] 12 F 13.4 no stats –100% > 4 wks 

 Scelionidae [mt] 15 F 1 no   

 Scelionidae [mt] 15 F 2 no   

 Sphecidae [yt] 12 F 13.4 no stats –100% > 4 wks 
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Taxon [trapping/assessment method]1 Study 
no.2 

Type3 Rate4 Significant 
effect?5 

Max. 
population 
change6 

Time to recovery7 

 Sphecidae [mt]  12 F 13.4 no stats –100% > 4 wks 

 Sphecidae [mt] 15 F 1 P <0.05 –77% > 2 wks, at 3 wks AT 

 Sphecidae [mt] 15 F 2 no   

 Sphecidae [mt] 19 B 4.3 no   

 Tiphiidae [mt] 15 F 1 P <0.05 –91% 3 wks 

 Tiphiidae [mt] 15 F 2 no   

 Tiphiidae [mt] 19 B 4.3 no   

 Tiphiidae [sn] 19 B 4.3 no   

 Vespidae [yt] 15 F 1 P <0.001 n.r. > 4 wks 

 Vespidae [yt] 15 F 2 P <0.001 [–100%] > 4 wks 

Isoptera       

 Termitidae       

 Termitidae (>80% Psammotermes 
hybostoma) [prt] 

18 F 11.4 P <0.001 n.r. 4 yrs 

 Termitidae [gallery counts] 18 F 11.4 P <0.001 [–97%] > 3 yrs 

  Unspecified species       

  [mound repair activity] 20 F 4 no stats [–45%] >2 wks 

  [colony mortality] 20 F 4 no stats 97% at 5 wks AT 

  [colony mortality] 21 F 4 no stats 51% 

95% 

[98%] 

at 1 wk AT 

at 4 wks AT 

at 18 mths AT 

  Coarctotermes clepsydra       

   [mound repair activity] 19 B 4.3 P <0.001 –91% >6 mths 

  [mound repair activity] 22 F 3.2-4.0 P <0.05 

P <0.001 

–95% 

–97% 

at 8 wks AT 

at 24 wks AT 

  [colony mortality] 19 B 4.3 P <0.001 

no stats 

91% 

39% 

at 10 mths AT 

at 32 mths AT 

  [colony mortality] 22 F 3.2-4.0 P <0.001 81% at 24 wks AT 

Lepidoptera [mt] 12 F 13.4 no stats [+170%] 4 wks 

Lepidoptera [mt] 19 B 4.3 P <0.05 n.r. > 4 wks 

Lepidoptera [sn] 19 B 4.3 no   

Lepidoptera – larvae [sn] 19 B 4.3 no   

Lepidoptera – larvae [sn] 22 F 3.2-4.0 P <0.01 –76% 8 wks, at 16 wks AT 

 Lycaenidae [mt] 19 B 4.3 no  only 4 wks of trapping 

 Noctuidae [mt] 19 B 4.3 no  only 4 wks of trapping 

 Nymphalidae [mt] 19 B 4.3 no  only 4 wks of trapping 

  Biblia anvatara [mt] 19 B 4.3 no  only 4 wks of trapping 

 Pyralidae [mt] 12 F 13.4 no stats [+170%] [2 wks] 

 Sphingidae [mt] 19 B 4.3 no  only 4 wks of trapping 

Orthoptera [sn] 22 F 3.2-4.0 P <0.001 –91% >24 wks 

Orthoptera [sn] 19 B 4.3 no   

 Acrididae [sn] 22 F 3.2-4.0 P <0.001 –100% >24 wks 

 Acrididae [sn] 19 B 4.3 P <0.05 n.r. 4 wks 
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Taxon [trapping/assessment method]1 Study 
no.2 

Type3 Rate4 Significant 
effect?5 

Max. 
population 
change6 

Time to recovery7 

 “non-target (nt) grasshoppers” [sn] 19 B 4.3 P <0.001 n.r. 4 wks 

 “nt grasshoppers – nymphs” [sn] 19 B 4.3 no   

 Gryllidae [sn] 19 B 4.3 P <0.01 n.r. 8 wks, at 5 wks AT 

 Gryllidae [sn] 22 F 3.2-4.0 P <0.01 –79% 2 wks, at 22 wks AT 

  Gryllus bimaculatus [pt] 12 F 13.4 no stats –100% > 4 wks 

  Gryllus bimaculatus [pt] 12 F 4.2 no stats –100% > 12 days 

  Gryllus bimaculatus [pt] 12 F 3.6 no stats –100% > 16 days 

 Tettigonidae [sn] 19 B 4.3 P =0.07 n.r. >12 wks, at 5 wks AT 

1  Trapping/assessment methods: bf = Berlese funnel, prt = Pearce trap, pt = pitfall traps, mt = Malaise traps, yt = yellow traps. 
2  Study numbers (see Annex 1 for references). 
3  Type of treatment: B = barrier, F = full cover. 
4  Application rate within the plot or barrier. 
5  Statistically significant effect of treatment, based on statistics calculated by study author. All effects are within the barrier/plot, unless 

specified otherwise. 
6  % maximum population depression (–) or increase (+). 
7  Time for effect to become statistically non-significant again (wks=weeks, mths=months, yrs=years). 
8  n.r. = not reported by study author. 
9  […] = estimate made by reviewer, often from graphs in original reports. 
10  AT = after treatment. 
11  2 wks, at 22 wks AT = a significant population change which was observed only at 22 weeks after treatment, and which lasted 2 weeks. 
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Annex 6.  Assessments of downwind drift of insecticides in barrier treatments against locusts 

Study1 Insecticide Appl.2 Ato-
miser 

Emis-
sion 

height 
(m) 

Wind 
speed 
(m/s) 

VMD3 

(�m ) 

Barrier 
spacing4 

(m) 

Passes 
per 

barrier5 

Vegeta-
tion6 

Assessment7 Results Comments 

D-i triflumuron A AU3000 5–12 1–2 n.r.8 300 1 
c: 20–70% 

h: 5–100 cm 

Oil sensitive papers, 
positioned horizontally on 
soil; size of papers not 
reported 

Barrier was defined as 
deposition >5 droplets/cm2 

 

“Barrier widths”:  30–50m 

Horizontally placed 
papers likely to have 
underestimated 
insecticide deposition on 
vegetation 

10 1–2  n.r. 770 1 
Droplets found ~500m – 
~900m from emission 
point 

Large droplet diameter 
(up to 600�m ) measured 
on paper 

D-ii fipronil A AU5000 

20 2.8–4  n.r. 1850 1 

n.r. 

Oil sensitive papers, 
positioned 45° from 
horizontal, at 60cm height; 
size of papers not reported 

No definition of barrier; all 
droplets/cm2 shown on 
graphs 

Droplets found ~700m – 
~2000m from emission 
point 

Atomiser adjusted: 
smaller droplets 

D-iii 
fipronil 

triflumuron 
A AU3000 8–10 n.r. n.r. 700 – 780 1 n.r. 

Oil sensitive papers, 
positioned horizontally on 
the ground and vertically at 
80cm height 

No definition of barrier; all 
droplets/cm2 shown on 
graphs. 

Barrier width estimated 
120 – 220m (fipronil) & 
100 – 220m (triflumuron) 

Uncontaminated inter-
barrier spaces estimated 
at ~400m (fipronil) & 
~240 – 300m 
(triflumuron) 

Only horizontal papers 
were considered reliable 
for fipronil (this will have 
underestimated 
deposition on vegetation) 

D-iv fipronil G 
Micro-
Ulva 1 (?) 3–4 80–120 60 1 c: <50% 

Oil sensitive papers, 
positioning and size of 
papers not reported 

>15 droplets/cm2 
droplets found at 50m 
from emission points 

Exact positions of oil 
sensitive papers 
compared to barriers not 
clear: drift further than 
barrier width cannot be 
evaluated 

D-v 
diflu-

benzuron 
G 

Micro-
Ulva 

1 (?) 1–5 n.r. 600 4 n.r. No details 

65% droplet density 
reduction, and 90% 
volume reduction, at 
100m from downwind 
edge of barrier 

Atomiser disk speed: 
8500 – 10000 rpm 
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Study1 Insecticide Appl.2 Ato-
miser 

Emis-
sion 

height 
(m) 

Wind 
speed 
(m/s) 

VMD3 

(�m ) 

Barrier 
spacing4 

(m) 

Passes 
per 

barrier5 

Vegeta-
tion6 

Assessment7 Results Comments 

Micro-
Ulva 1.5 2.8 [70]9 -- 1 

Deposit (residues) < 10% 
of maximum at ~70m   

D-vi fenitrothion G 
Ulvamast 

X15 
2.7 2.4 [70]10 -- 1 

c: 0% 

h: 0 cm 

Oil sensitive papers, 
positioned horizontally on 
soil (droplet density) 

Glass plates, placed 
horizontally on soil 
(insecticide residues) 

Deposit (residues) < 10% 
of maximum at ~50m  

Study not done as part of 
barrier treatment, but 
was designed to mimic 
deposition on water 
bodies 

Worst case situation: 
bare flat fields without 
vegetation 

1  Studies: D-i = Scherer & Rakotonandrasana (1993);  D-ii = Rachadi & Foucart (1996); D-iii = Tingle & McWilliam (1999); D-iv = Mouhim & Chihrane (1998); D-v = Tingle (1996), Cooper et al., (1995);  D-vi 
=  Lahr et al. (2000). 

2  Type of insecticide application: A = aerial; G = ground. 
3  VMD: measured or estimated volume median diameter of emitted droplets. 
4  (Average) spacing between leading edges of barriers. 
5  Number of spray passes made for each barrier. 
6  Coverage (c) and height (h) of vegetation. 
7  Type of insecticide deposition assessment. 
8  n.r. = not reported. 
9  Estimate based on FAO (1995). 
10  Estimate based on Hewitt (1992). 

 

 

 


