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· The original aim of the work was to investigate whether exclusion of pesticides from crop edges affects invertebrates in adjacent sprayed crop areas

· A comprehensive review of the effects of crop-edge pesticide exclusion on terrestrial invertebrates has not so far been carried out. The original aim was therefore broadened to include effects on invertebrates both within unsprayed crop edges and in the adjacent sprayed crop

· From over 300 research reports examined, 31 research studies were identified that directly investigated the effects on terrestrial invertebrates of excluding pesticides from crop edges

· Forty-seven research reports describing the 31 research studies were critically appraised using a systematic review approach 

· Of the 31 studies, only eight have monitored invertebrates in the sprayed crop adjacent to unsprayed edges

· Summary statistics are presented to show the study designs, crops, widths of crop edge and sampling methods used in the studies

· Thirteen broad types of crop-edge pesticide treatment comparison were identified, but most individual studies had unique treatment contrasts that are not directly comparable between studies

· Most studies have investigated the exclusion of multiple pesticide applications. No robust studies have investigated the effects of excluding individual fungicides or insecticides from crop edges

· Carabidae, Heteroptera, Aphididae and Lepidoptera were the most frequently monitored invertebrate groups

· Suction and pitfall sampling were the most frequent sampling methods employed for invertebrates but where these approaches were used treatment effects might have been confounded with sampling efficiency

· Systematic screening of the reported data showed that, overall (for all types of pesticide manipulation together), pesticide exclusion from crop edges usually had either a positive effect on invertebrate abundance or species number in the crop edge, or no effect. 

· Positive effects of pesticide exclusion were most frequent among herbivorous arthropods, particularly Heteroptera and Lepidoptera. Of 25 frequently-monitored arthropod groups, 19 exhibited significantly higher abundance and/or species number in unsprayed edges whereas three exhibited significantly lower counts

· For Carabidae, most treatment comparisons indicated no difference in counts between sprayed and unsprayed headlands. This might reflect limitations of the sampling methods employed

· No studies have investigated the effects on naturally-occurring terrestrial invertebrates of pesticide exclusion strips narrower than 3m

· The reviewed studies provide no evidence that exclusion of pesticides from crop-edges has any appreciable impact on naturally-occurring invertebrates within adjacent sprayed crops but information on effects of insecticides is very limited

· The relevance for terrestrial invertebrates of applying 6m-wide statutory no-spray buffer zones to individual pesticide products for protecting non-target arthropods cannot be properly ascertained from existing studies

	Scientific report (maximum 20 sides A4)
To tab in this section press the tab key and the Control key together
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1. OBJECTIVES
This project has two scientific objectives, to: (1) systematically review the literature concerning unsprayed crop headlands and their impact on invertebrates in arable crops; and (2) critically appraise the information obtained to develop recommendations on how crop headlands should be managed to most effectively minimise non-target effects of pesticides on arthropods within the sprayed area of arable crops.
Both objectives have been met: 47 published and unpublished research reports that are directly relevant to the aims of the project were screened systematically; these described 31 research studies. 
2. METHODS
A systematic review of studies on the ecological effects of unsprayed headlands was carried out using (1) archived research papers at Southampton University, (2) a detailed search of the published literature using dedicated search software (e.g. Web of Science) and information bases (e.g. Biological abstracts), (3) internet searches using non-specific search software, (4) direct contact with research institutions and government agencies to obtain unpublished project reports, and (5) consultation with researchers in agro-ecology worldwide to establish the extent of ongoing and unpublished research on the subject. More than 30 people in Europe, the USA and Australasia provided information and/or expert guidance that contributed to the completion of the project objectives (see Acknowledgements; section 6).
Full copies of research papers and unpublished reports that were identified as potentially relevant were obtained and checked for their actual relevance. Studies were considered relevant if they provided information on the impact on naturally-occurring terrestrial invertebrates of any type of pesticide manipulation in the crop edge. Studies involving bioassays with test organisms, or studies involving pesticide manipulation in non-crop field edges were excluded unless they also examined effects of pesticide manipulation on naturally-occurring invertebrates in crop edges. 

This review is systematic in that full research reports were scrutinised and assessed against a checklist of criteria to establish the scientific rigour of each study and the confidence that could be placed in its results and conclusions. Studies were critically appraised in terms of: (1) Relevance to assessing the impact of unsprayed crop edges on terrestrial invertebrates. (2) Adequacy of information on the methods employed, particularly with regard to the description of study sites, pesticide inputs, and sampling of invertebrates, to enable unequivocal interpretation of the findings. (3) Suitability of the study design for assessing effects of crop-edge pesticide manipulation on terrestrial invertebrates, with particular emphasis on adequacy of replication, and the ecological realism of the spatial and temporal scales. (4) Adequacy of the presented results. (5) Whether appropriate methods of data analysis were employed. (6) Whether the conclusions logically reflect the findings presented. In cases where published studies were deficient in relevant information, the authors of the work were contacted directly to obtain missing information or to clarify ambiguities.

Studies with inappropriate (e.g. inadequately-replicated) designs were excluded. For all other studies, the data and results of statistical tests were screened directly and the findings were classified according to whether arthropod counts (abundance or species number) in unsprayed or selectively-sprayed headlands increased, decreased or remained unchanged compared to comparison headlands with higher pesticide inputs. Measures of diversity other than species number were not analysed because diversity indices are not reliable as indicators of arthropod responses to agricultural management practices (e.g. Siepel and van de Bund, 1988). To make the evaluation of studies as objective as possible, only data and results of statistical analyses were appraised, independently of  the interpretations of the data made by the authors of the reports. 
To systematically appraise the findings of the research studies, the results in each paper were classified as follows:

Count or species number in the unsprayed relative to sprayed headland: (a) statistically significantly higher; (b) higher but statistically not significant; (c) higher but not tested statistically; (d) not different; (e) lower but not tested statistically; (f) lower but statistically not significant; (g) statistically significantly lower.
For categories (b) to (f) a ‘difference’ was (arbitrarily) considered to be 20% or more of the higher number of individuals in the treatments being compared, or at least one species. For categories (b) and (f) if a difference between the treatments was present, its direction was recorded irrespective of the lack of statistical significance, to permit flexibility in the way the data could be summarised and compared.  Where appropriate, more than one treatment effect category was recorded for each study (for example if both increased and decreased counts occurred, or if counts of individuals showed different patterns to numbers of species). This rather general classification is necessary to enable an objective assessment of results that can be applied to all the reported studies, as the amount of detail given in the presentation of results was highly variable. An indication of the overall impact of headland pesticide management on terrestrial arthropods was obtained by calculating the frequencies of the results in categories (a) to (g) and comparing them in various combinations. The statistically significant results were compared with non-significant results and those not tested statistically to determine whether the statistically significant results represent the findings in general. The systematic appraisal of data aimed to minimise bias in the interpretation of results, e.g. due to the preferential publication of statistically significant outcomes (Bachau, 1997). 

3. RESULTS
From approximately 300 published or unpublished research reports on the ecology of field margins that were initially obtained, 47 were identified that directly addressed the question of how crop-edge pesticide manipulation affects terrestrial invertebrates, either in the crop edge itself or in the adjacent sprayed crop. Some of these research reports presented the findings of more than one study and for certain studies the findings were presented in several different reports. In some cases, data from the same study was presented or analysed differently in different research reports and in a few cases the data was presented without acknowledgement of its source. For some longer-term studies the methodology was revised as the study progressed (e.g. while ‘Conservation Headlands’ were initially being developed). Together, these factors made it difficult to establish exactly how many research studies of unsprayed crop edges have been conducted and, in the case of longer-term ‘evolving’ studies, how an individual study should be defined. After careful scrutiny of the research reports and, where necessary, consultation with the authors, 31 separate research studies were identified that have investigated the effects of crop-edge pesticide manipulation on naturally-occurring invertebrates within the crop edge. Eight studies were identified that have investigated effects of crop-edge pesticide manipulation on naturally-occurring invertebrates in the adjacent sprayed crop; all of these were among the original 31 short-listed studies. In all cases the monitored invertebrates were arthropods. The 47 research reports that presented results from these 31 studies comprised 29 peer-reviewed articles (17 journal papers and 12 book chapters), and 18 unpublished studies (14 unpublished reports and 4 Theses). A number of additional papers also presented results from some of the 31 research studies but were not formally included in the critical appraisal, as they provided only brief summary information.

Detailed commentaries for each of the 31 research studies are given in a full version of the project report (101 pp.) but for brevity are omitted here; a summary of the main types of study reviewed, and their geographical locations, is given in Table 1. 
3.1 Types of pesticide manipulation in crop edges

Thirteen different types of pesticide manipulation in crop edges were identified (Fig. 1):

1) ‘CONS vs FHI’: Conservation Headland pesticide inputs (CONS) compared with fully-sprayed, where the latter comprised applications of fungicides, herbicides and insecticides (FHI) (3 studies). In these studies, pesticide inputs were not stated explicitly; the CONS inputs were referred to as those prescribed for Conservation Headlands sensu Sotherton et al. (1989a). Here, the main difference in pesticide inputs between the study headland treatments would have concerned summer herbicides and insecticides, which (with the exception of certain specific herbicide applications for targeting local weed problems) are not permitted on Conservation Headlands and hence would only have been applied to the ‘fully sprayed’ headlands. However, in some studies the incidence of insecticide use within the fully-sprayed treatment varied among study farms and may have been low, but was not quantified (e.g. in the Arable Stewardship Pilot Scheme; Allen et al. 2001; Gardner et al. 2001a,b; Reynolds, 2001). 

2) ‘CONS vs FH’: A similar comparison of headland pesticide inputs as in (1) except that it was explicitly stated that the ‘fully sprayed’ reference treatment included fungicides and herbicides (FH) but not insecticides (4 studies). Accordingly, the principal difference between the study and reference headland treatments would have been only in summer herbicide applications which, with exceptions (see above), would have been permitted only on the ‘fully sprayed’ headlands.

3) ‘ZERO vs FHI’: Unsprayed headlands compared with fully-sprayed headlands where the ‘fully-sprayed’ headland treatment included use of fungicides, herbicides and insecticides (FHI) (5 studies). Depending upon the intensity of fungicide, herbicide and insecticide use in the fully-sprayed headland (which was not explicitly stated in most studies), this comparison could represent the maximum possible difference in pesticide inputs between the headland treatments. However, the type of insecticide(s) applied under the fully-sprayed treatment can have a strong impact on invertebrates, depending upon their selectivity. Where different insecticides were used within the same study, this might explain the variability of the observed arthropod responses (e.g. in Hald et al. (1988), whose study fields received different insecticides). In some cases the ZERO vs FHI contrast may not have been fully adhered to, as for example in the study of Moreby (1994; 1995), in which some of the ZERO fields possibly received fungicides, but only in one of three study years.

4). ‘ZERO vs FH’: Unsprayed headlands compared with fully-sprayed headlands where the ‘fully-sprayed’ treatment included fungicides and herbicides (FH) but not any insecticides (1 study).

5) ‘ZERO vs H’: Unsprayed headlands compared with reference headlands that received only herbicide (H) applications (1 study). In the one study in this category (Moreby and Southway, 1999), the difference in herbicide inputs between the headland treatments concerned only autumn applications. 

6). ‘ZERO vs I’: Unsprayed headlands compared with reference headlands that received only insecticide (I) applications (2 studies). In both cases where the effects of this type of headland pesticide management were investigated, the comparison involved exclusion of a summer application of dimethoate from the study headland (Holland et al., 1999; 2000; Tones et al., 2001). These are the only studies that have investigated the ecological impact of excluding a single insecticide from a crop headland, despite the widespread use of insecticides on arable crops in summer. 
7) ‘ZERO vs various’: Unsprayed headlands compared with reference headlands that received different combinations of pesticide inputs applied to different experimental units (3 studies). In these studies, the findings were presented and analysed for the general overall comparison of unsprayed versus sprayed headlands but not separately for the different types of pesticide inputs involved. 

8) ‘F vs FHI’: Headlands that received only fungicides (F) compared with ‘fully-sprayed’ reference headlands receiving fungicides, herbicides and insecticides (FHI) (4 studies). 

9) ‘F vs FH’: Headlands that received only fungicides (F) compared with ‘fully-sprayed’ reference headlands receiving fungicides and herbicides (FH) but not insecticides  (4 studies). In these studies, the only pesticide difference between the study headland treatments was in herbicide use.

10) ‘H vs FHI’:  Headlands that received only herbicides (H) compared with ‘fully-sprayed’ reference headlands that received fungicides, herbicides and insecticides (FHI) (1 study). 

11) ‘various vs FHI’:  Study headlands that received more than one type of pesticide input (‘various’) compared with ‘fully-sprayed’ headlands that received fungicides, herbicides and insecticides (FHI) (1 study). The one study identified in this category (Gardner et al., 2001b) involved selectively-sprayed headlands that were either managed as Conservation Headlands (CONS) or received fungicide and herbicide inputs (FH).

12) ‘various H exclusion’: Exclusion of only herbicides from the study headland represented by different types of pesticide inputs to both the study and reference headlands (2 studies). In the studies referred to here (Moreby, 1994; 1997), the headland treatment contrasts were between unsprayed (ZERO) and herbicide-sprayed (H) headlands and, also within the same study, between headlands treated with fungicides only (F) and those treated with fungicides + herbicides (FH). The two treatment comparisons were not analysed separately in these studies. Consequently, the findings gave a general picture of the impact of excluding herbicides from crop edges.

13) ‘Other’:  Crop headland pesticide management that does not fit the categories listed above (1 study). The study referred to here (Raskin et al., 1992) did not involve replicated comparisons of study and reference headlands but instead compared arthropod catches in headlands (unreplicated) which had remained unsprayed for different time periods. 

Even though 13 broad types of headland pesticide comparison between the headland treatments were identified, these did not fully describe the wide variation in pesticide use between the different research studies. Due to the many pesticide input variables that could differ within each headland treatment (e.g. chemical type and specificity, application timing, application rate, proportion of study units treated), most of the reviewed studies effectively each had a unique comparison of headland pesticide treatments. In the majority of studies, however, details of pesticide use were very brief. For instance, only four of the 31 studies reported both the active ingredient and the date of application (Chiverton and Sotherton, 1991; Moreby and Southway, 1999; Holland et al., 1999; 2000; Tones et al., 2000). 

The majority of investigations of the effects of pesticide exclusion from crop edges have involved the exclusion of multiple pesticide applications within a season. Only four studies examined the impact of excluding specific individual chemical applications: a herbicide in spring wheat (1 study), autumn herbicide use in winter wheat (1 study), and summer insecticide (dimethoate) use in winter wheat (2 studies). No studies have so far investigated the impact on terrestrial invertebrates of excluding individual fungicides from the crop edge. The two studies that investigated the exclusion of dimethoate have limitations because one lacked replication of the experimental treatment while the other did not take into account possible edge effects or inter-plot contamination by spray drift. These studies had to be excluded from analysis on the basis of the critical appraisal criteria. However, the possibility that unreplicated studies might collectively contribute useful information to the overall analysis is considered below (section 4.7).
3.2 Headland width

The most frequently-studied headland width has been 6m (Fig. 2). Only six studies investigated effects of excluding pesticides from headlands narrower than 6m and in no cases did these involve the exclusion of individual chemicals. No information is available on the impact on terrestrial invertebrates of excluding individual pesticides from headland widths less than 3m. 
3.3 Crops

Nearly all studies of the effects on terrestrial invertebrates of unsprayed crop edges have been carried out in cereals (85% of studies), predominantly winter wheat (39%). Only eight studies (15%) involved other crops (Fig. 3). 

3.4 Invertebrates monitored

The number of invertebrate taxa monitored, and the taxonomic resolution employed, varied considerably among the studies reviewed. The largest number of taxonomic groups monitored was 487 by Hald et al. (1994). The inverebrates monitored in the reviewed studies, all of them arthropods, fall into 25 broad taxonomic groups, of which Carabidae, Heteroptera, Aphididae and Lepidoptera were studied most frequently (Fig. 4). 

3.5 Sampling methods

Ten methods of sampling arthropods were used in the studies reviewed, the most frequent being suction sampling and pitfall trapping (Fig. 5). Some methods were associated with the monitoring of particular taxonomic groups: visual census walks were usually employed for studies of pollinators (Lepidoptera, Apidae, Syrphidae) while plant searches were usually carried out for Aphididae. Not all sampling methods were necessarily appropriate for the arthropod group under investigation: attempts by Allen et al. (2001) to sample bees using sweep nets, for example, did not succeed. There is a possibility that, particularly for suction and pitfall samples, changes in vegetation cover and structural diversity as a result of herbicide use might have affected invertebrate capture efficiency in some of these studies, as differences in vegetation are known to influence sampling efficiency. 
3.6 Study duration

The majority of the studies reviewed (87%) had durations of 1 to 3 years (Fig. 6). No studies longer than six years were identified; the longest periods of invertebrate monitoring were carried out by Dover et al. (1990) and Hald et al. (1994). Raskin et al. (1992) investigated effects of long-term differences in headland pesticide management over seven years but invertebrate monitoring was done only in the final year.

3.7 Study design

Of the 31 reviewed studies, 18 used within-field plots as the experimental treatment units and 13 used whole fields, or groups of fields. The extent of replication of the pesticide treatments was very variable among the studies. Two studies were unreplicated and a further four had only two replicates of the pesticide treatments. Fewer than three replicates is an inadequate number for the reliable detection of treatment effects in an individual study. Although the findings of 19% of the reviewed studies are thus based on inadequate replication, collectively these studies could still contribute useful information (e.g. by weight of evidence) (section 4.7). Statistical testing of treatment effects was carried out in 20 of the 25 studies that had three or more replicates per treatment. However, interactions between treatment and replicate were considered in only seven of these 20 studies. Without testing such interactions, it is not possible to determine whether a treatment effect is consistent across the replicates (i.e. can be extrapolated spatially). 
In six of the 31 reviewed studies the description of the methods did not give a clear picture of the study design. For instance, in three studies the number of fields per farm involved in the study was not stated. In two other studies the spatial positions of 14 fields and their assignment to two treatments were not explained. In a sixth study, it was not stated whether paired headland treatments were in different fields.

In most studies the statistical analysis methods were reported only superficially. The description of analytical procedures was usually insufficient to enable a critical appraisal of whether appropriate statistical models were used. Accordingly, for the purposes of this report, an assumption is made that the statistical tests employed were appropriate for the data and study design (this excludes cases where there was clear information that statistical hypothesis testing was inappropriate, e.g. where treatments were unreplicated). 

3.8 Limitations of the reviewed studies 

In four studies the results did not support the conclusions while in 14 studies (45%) key aspects of methodology were ambiguous or missing. In eight studies it was necessary to contact the original author(s) to rectify these problems: this applied both to peer-reviewed papers (3 studies) and unpublished reports (5 studies). 
3.9 Evaluation of the evidence for effects of crop-edge pesticide exclusion on terrestrial invertebrates

Inadequately-replicated studies and those where no actual data was presented were excluded from analysis (but see section 4.7 for assessing the possible collective value of information from unreplicated studies). A study of insect flight behaviour was also excluded from analysis because the wider ecological implications of the observed behavioural patterns are unclear and difficult to summarise quantitatively in a format that would be comparable with other ecological indicators such as abundance or species number. Critical appraisal of the data presented in the research study reports followed the procedure described above (Methods; section 2). 

3.9.1 Effects of crop-edge pesticide exclusion on invertebrates in crop edges

Overall, there were considerably more cases where arthropod count and/or species number was statistically significantly higher in unsprayed or selectively-sprayed headlands than where abundance was significantly lower (Table 2). Only three of the 25 commonly-studied arthropod groups exhibited significantly lower counts in unsprayed headlands (Aphididae, Lepidoptera and Symphyta) whereas 19 of the 25 groups were significantly more abundant and/or more speciose in unsprayed headlands on at least one occasion (Table 2). When reviewing the studies, several reports of increased abundance of aphids in sprayed headlands were noticed (5 studies), suggesting that aphids may be favoured indirectly by pesticide spraying. However, there was only one case in which a higher abundance of Aphididae in a sprayed headland was statistically significant (Table 2). This occurred in a study in which no insecticide use occurred in either of the headland treatments; pesticide differences between the treatments probably mainly involved herbicides. There was no obvious link between the five observed cases of higher aphid abundance in sprayed headlands and particular patterns of pesticide exclusion.

The largest impact of pesticide exclusion from crop edges was on herbivorous arthropods, particularly Heteroptera, Lepidoptera and Curculionidae, and those grouped together as ‘chick food’. A notable finding is that unsprayed headlands had relatively little impact on Carabidae, with the majority of comparisons between unsprayed and sprayed headlands showing no significant difference in counts or species number (Table 2). In the cases where carabid counts were higher  in unsprayed crop edges, herbivorous species of Amara and Harpalus tended to exhibit the largest differences between treatments.

The statistically significant treatment effects were broadly representative of all reported treatment effects (i.e. including studies where effects were not significant or were not tested). Generally, there were more cases where the catch was higher in unsprayed than in sprayed headlands (Table 2). 

The overall implication of these findings is that, in general, unsprayed crop edges can have a beneficial impact on arthropods, especially herbivorous groups. Unsprayed crop edges appear to offer little or no benefit to Thysanoptera and parasitic Hymenoptera but this is based on very limited data, mostly involving studies without use of insecticides. No reliable information is available on whether unsprayed crop edges influence Dermaptera, Formicidae and Isopoda. For other groups such as Coccinellidae, Syrphidae, Apidae and Araneae, unsprayed crop edges marginally increased counts or species number but only in a few cases, although no cases of negative effects on these groups were identified. However, it should be borne in mind that the majority of pesticide treatment comparisons involved primarily the exclusion of herbicides, or of several pesticide classes together; it is not possible to draw any conclusions concerning the ecological impact of excluding individual insecticides or fungicides, due to the lack of information on these types of pesticide manipulation. 

3.9.2 Effects of crop-edge pesticide exclusion on invertebrates in the adjacent sprayed crop

It is clear that hardly any robust information exists on the impact of headland pesticide manipulation on arthropods in the adjacent sprayed area of crop (Table 3). The modal results class is for no difference between arthropod catches in crop areas adjacent to sprayed and unsprayed headlands (Table 3). Although two reports suggested that Heteroptera in sprayed crops benefit from the presence of an adjacent unsprayed headland, the findings were not verified statistically and, in one case, were based on only two replicates of the headland treatments.

4. DISCUSSION

4.1 Types of pesticide exclusion from crop edges

Although 13 broad types of pesticide difference between headland treatment contrasts could be identified, these did not fully describe the pesticide regimes used in each of the 31 reviewed studies which, effectively, were unique to each study (due, for instance, to differences in product type, rate and application timing). It is therefore possible only to investigate the ecological effects of ‘general’ types of multiple pesticide exclusion; insufficient data is available to support detailed analysis of the effects of excluding more specific types of pesticide use from crop edges. In fact, no robust information is available on the effects of excluding individual insecticide or fungicide products. It has been assumed that fungicides pose little direct risk to arthropods (e.g. Sotherton et al., 1989b), but the possibility of indirect effects, e.g. by reducing resources for fungivorous species (e.g. Hald et al., 1994) has not been considered in detail.

4.2 Headland width

Statutory pesticide product label guidance for the exclusion of individual pesticide products from crop headlands in the UK, for example to protect watercourses (e.g. the LERAP scheme) or non-target arthropods so far has not been evaluated systematically for its impact, if any, on terrestrial invertebrates within the unsprayed crop edge or the adjacent sprayed crop. The only two reliable studies involving 6m-wide unsprayed headlands for individual pesticide products concerned herbicide applications. For headland widths less than 6m, the only information available on the responses of terrestrial invertebrates to pesticide exclusion concerns the withholding of multiple pesticide applications from the crop edge. 
4.3 Crops

The focus of studies of unsprayed crop edges on cereals, particularly winter wheat, is broadly consistent with the geographical coverage of these crops. However, it should be borne in mind that cereals may have relatively low inputs of herbicides and fungicides compared to the root crops such as potatoes and sugar beet which have been less intensively studied. 

Guidance for the management of Conservation Headlands (e.g. Sotherton et al., 1989a) permits the use of autumn, but not summer, insecticides and broadleaf herbicides (with some exceptions). It should be kept in mind that Conservation Headlands applied to winter and spring cereals would not be comparable in their pesticide inputs.

4.4 Invertebrates monitored

For almost all the monitored arthropod groups there was a tendency for unsprayed headlands to have either no effect or a positive impact on counts and/or species number. Only in a few cases were numbers lower in sprayed headlands (principally for Aphididae and some species of Lepidoptera). Thus, although the benefits of unsprayed crop edges for many of the monitored groups were only marginal, the withholding of pesticides from the crop edge would appear, on balance, unlikely to incur major disadvantages in terms of the overall sustenance of arthropod biodiversity. Attention should be drawn however to the small number of studies that has been carried out with many arthropod taxa, particularly Apidae (bees), parasitic Hymenoptera (parasitoid wasps), and Acari (mites), and the lack of any reliable information for other groups such as Dermaptera (earwigs), Formicidae (ants) and Isopoda (woodlice), all of which contribute to field-edge biodiversity. No conclusive evidence exists that potential pests (e.g. Aphididae, Chrysomelidae, Thysanoptera) would present problems if pesticides are excluded from crop edges. However, a major limitation is that no reliable information exists for any arthropod groups on the effects of excluding certain specific types of pesticide use from crop edges. 

4.5 Sampling methods

The use of pitfall and suction sampling in studies of herbicide exclusion is problematic, but these were the most frequent sampling methods. As indicated above (section 3.5), confounding of treatment effects with sampling efficiency might have occurred in studies that employed these methods; all studies that investigated effects of herbicide exclusion reported increased cover, abundance or structural diversity of vegetation in unsprayed headlands, which could have affected arthropod capture efficiency. For pitfall sampling in particular this could render the catch difficult to interpret because of the complex interplay between effects of vegetation density on both arthropod abundance (by influencing microclimate, prey densities, host or refuge plants, etc.) and arthropod activity (by physical obstruction). Methods of reducing sampling bias could include sampling between plants or ‘sample-cut-resample’ approaches (e.g. Hossain et al., 1999) but were not employed in any of the reviewed studies. Crop type is also likely to influence sampling efficiency (e.g. Frampton and van den Brink, 2002) but this aspect of the methodology was not considered in any of the studies in which more than one crop type was sampled. Given the potential influence of vegetation on sampling efficiency, confounding of treatment effects with sampling efficiency would be more likely in the crop edge, where differences in vegetation are more pronounced, than in the adjacent sprayed area of crop. The possibility that confounding of treatment effects with sampling efficiency might account for the general lack of effects of field-edge pesticide manipulation on pitfall catches of Carabidae warrants consideration but was not addressed specifically in any of the reviewed studies.
4.6 Study duration

In most cases, unsprayed headlands were studied only in one season. Where Conservation Headlands were applied to winter-sown crops (wheat), autumn applications but not summer applications of insecticides would have been permitted. It is not clear whether the length of time a headland remains unsprayed is important for arthropods; Raskin et al. (1992) found higher arthropod counts in headlands that had been left unsprayed for the longest time periods (up to 7 years), but their headland treatments were not replicated. For Symphyta (sawflies), population recovery following use of broad-spectrum insecticides has been predicted to take seven years following cessation of insecticide use (Aebischer, 1990). Studies of unsprayed crop edges may therefore be of inadequate duration to permit recovery of Symphyta (Reynolds, 2001). It is unclear whether the autumn use of synthetic pyrethroids as permitted on Conservation Headlands would interrupt recovery of Symphyta or whether restriction of summer insecticide use alone would give adequate protection. Presumably, to permit such long-term population recovery, the Conservation or other unsprayed headland would need to be sited in the same place for several years. However, as Chiverton (1993; 1994; 1995; 1999) pointed out, from the farmer’s perspective a more attractive management option for Conservation Headlands would be to change their location in successive years to prevent the build up of problem weeds in the crop edge.

4.7 Limitations of the reviewed studies

A rigorous critical appraisal was applied to the reviewed studies and it is not surprising therefore that a number of methodological and reporting limitations were identified. Agroecological studies are difficult to conduct due to the trade off between adequacy of the experimental design (e.g. sufficient replication) and ecological realism (e.g. large enough spatial and temporal scales). Even relatively small field studies may be demanding in terms of the resources required, because invertebrate sampling and identification can be labour intensive. This tends to result in a trade off between the number of sites that can be monitored and the monitoring detail that is possible per site. Accordingly, where the aim of the work is to investigate invertebrate distributions within fields, it may be appropriate to focus on detailed monitoring of one site (e.g. Holland et al. 1999). 
Keeping in mind the problem of compromise between realism of scale and adequacy of replication, it is encouraging that only 19% (six) of the reviewed studies had insufficient replication and were excluded from the data analysis. The excluded studies might, however, collectively provide useful information on the effects of field-edge pesticide manipulation by weight of evidence. The findings of these six excluded studies were therefore compared (i) with one another to investigate consistency of their findings, and (ii) with the results of the analysed studies. The excluded studies were found to have different study designs that precluded meaningful comparison of their results. Overall, however, there was a consensus that crop edges receiving lower pesticide inputs tended to have more species of Carabidae, or higher carabid numbers, than edges that received higher pesticide inputs, or there was no general difference in species richness or catches between the treatments. With few exceptions (e.g. Hassall et al. (1992) who found a lower diversity (Simpson index) of Carabidae in Conservation Headlands), there was no evidence for a detrimental impact of lower crop-edge pesticide inputs on invertebrate biodiversity. Some other taxa (e.g. Heteroptera) tended also to exhibit increased catches in crop edges with lower pesticide inputs. These results, though not verifiable statistically,  generally support the main findings from the analysed studies that positive effects of reduced crop-edge pesticide inputs, or no effects, are more frequent than negative effects. However, the different study designs permit only a very general consideration of ‘higher’ versus ‘lower’ pesticide inputs, rather than information on specific chemical usage. 
In addition to the unavoidable limitations of experimental design discussed above, this review has highlighted some aspects of study reporting that might benefit from improvement. For instance, in some cases the reported study design was unclear (23% of studies), key data gaps were identified, requiring author contact (26%), statistical tests were not employed despite appropriate study designs (16%), statistical analyses were incomplete or inappropriate (e.g. treatment-by-replicate interactions were not examined) (42%), or the presented results did not appear to support the authors’ conclusions (13%).
4.8 Implications for pesticides regulatory policy

In pesticide regulatory descision making, it has been assumed both that unsprayed crop edges can protect naturally-occurring invertebrates, and that such protected populations could act as a source of recolonisation of the sprayed area (Forster and Rothert, 1998). While it has been demonstrated that exclusion of multiple pesticides, particularly herbicides, from crop edges can have a positive impact on arthropod abundance in the unsprayed edge, this has not been conclusively shown to occur if individual widely-used pesticide products (particularly fungicides and insecticides) are withheld. Furthermore, the reviewed studies provide no clear evidence that unsprayed crop edges influence arthropods in the sprayed area of fields, as would be expected if unsprayed edges function as sources of recolonisation. Possibly, this reflects the paucity of information on the effects of excluding chemicals that pose highest risk to arthropods, i.e. synthetic pyrethroid and organophosphate insecticides. Thus, there is no reliable data at present to clarify the effectiveness for naturally-occurring arthropods of the statutory risk mitigation measures (6m-wide unsprayed headlands) that are supposed to protect them from effects of such chemicals. Information is also lacking on the impact on terrestrial invertebrates of excluding individual pesticides from headland widths less than 3m, meaning that the implications for terrestrial invertebrates of reducing the width of an unsprayed headland (i.e. buffer zone) to 3m wide or less, as could occur under the LERAP scheme, are unknown. 

4.9 Limitations of the current report

The current report excludes some recent and ongoing research work on unsprayed crop edges in Norway because the original research papers are not currently available. 
5. CONCLUSIONS

The principal conclusion that can be drawn from this review is that existing empirical data provides very little robust information on how current statutory or advisory restrictions on the use of individual pesticide products on crop edges in the UK would affect terrestrial invertebrates. This is because the focus of previous experimental work has been on multiple pesticide exclusion rather than the exclusion of individual products. Of particular note is the lack of reliable information on the consequences for naturally-occurring terrestrial invertebrates of excluding broad-spectrum synthetic pyrethroid and organophosphate insecticides from crop edges. These insecticides are both widely used and hazardous to non-target invertebrates: the very reasons why they were given statutory exclusion from crop edges in the first place, during the 1980s.

Another key conclusion of this review is that the available evidence from studies on naturally-occurring invertebrates does not support the assumption that unsprayed crop edges are important sources of invertebrate recolonisation. However, a major limitation of the existing data is that effects of insecticide and fungicide exclusion from crop edges have not been studied in as much detail as the effects of excluding herbicides.
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Table 1. Summary of the research studies that are reviewed in this report (further detail and critical commentary of each study is given in the full project report). Note that the study numbers are assigned arbitrarily for ease of cross-referencing in the full project report; study numbers have no relevance outside project PN0939.
	Study type
	Study number


	References

	Conservation Headlands in southern England
	1
	Rands (1985); Sotherton (1989; 1991)

	
	2
	Rands and Sotherton (1986)

	
	3
	Dover et al. (1990); Dover (1993); Sotherton (1990a; 1992; 1995); Sotherton et al. (1988)

	
	4
	Cowgill et al.(1993)

	
	5
	Dover (1993; 1997)

	
	6
	Chiverton and Sotherton (1991)

	
	7
	Moreby (1994; 1995)

	
	8
	Moreby (1994)

	
	9
	Moreby (1997)

	
	10
	Moreby and Southway (1999)



	Conservation Headlands in eastern England (Breckland)
	11
	Hassall et al. (1992); Cardwell et al. (1994); White and Hassall (1994)

	
	12
	Hawthorne and Hassall (1994; 1995); Hawthorne et al. (1998)

	
	13
	Hawthorne (1994)



	Arable Stewardship Pilot Scheme in England
	14
	Allen et al. (2001); Kells et al.(2001)

	
	15
	Gardner et al. (2001a)

	
	16
	Gardner et al. (2001b)

	
	17
	Reynolds (2001)



	Conservation Headlands in Scotland

	18
	Hughes (1999)

	Other unsprayed crop edges in England


	19
	Holland et al. (1999; 2000); Holland (2001)

	
	20
	Tones et al. (2000)

	Dutch Field Margin Project in the Haarlemmerpolder
	21
	de Snoo et al.(1995)

	
	22
	de Snoo and de Leeuw (1996); de Snoo (1996)

	
	23
	de Snoo et al. (1998); de Snoo (1996)



	Unsprayed crop edges (Ackerrandstreifen) in Germany
	24
	Raskin et al. (1992)

	
	25
	Felkl (1988)

	
	26
	Kühner (1988), Storck-Weyhermüller (1988); Vieting (1988); Welling et al. (1988)

	
	27
	Storck-Weyhermüller and Welling (1991)



	Unsprayed crop edges in Scandinavia
	28
	Hald et al. (1988)

	
	29
	Hald et al. (1994)

	
	30
	Helenius (1994); Nissinen (1999)

	
	31
	Chiverton (1993; 1994; 1995; 1999)

	
	
	


Table 2. Frequency of effects of headland pesticide manipulation on terrestrial arthropods within the headland (signif.: statistically significant)

	Arthropod group


	Count or species number in unsprayed (or selectively-sprayed) study headlands relative to sprayed reference headlands * 

Frequency of results in each category



	
	signif. higher


	higher

but not signif.
	higher

but not tested
	no difference


	lower

but not tested
	lower

but not signif.
	signif. lower



	Collembola
	1
	2
	0
	0
	0
	0
	0

	Aphididae
	1
	2
	3
	6
	2
	2
	1

	grouped Homoptera
	3
	1
	1
	1
	0
	1
	0

	Heteroptera
	8
	2
	1
	1
	1
	0
	0

	Dermaptera
	0
	0
	0
	0
	0
	0
	0

	Lepidoptera 
	5
	5
	0
	3
	0
	2
	2

	Neuroptera
	2
	1
	0
	2
	0
	0
	0

	Thysanoptera
	0
	0
	0
	1
	1
	0
	0

	Carabidae
	2
	0
	4
	11
	0
	0
	0

	Staphylinidae
	2
	1
	3
	1
	0
	0
	0

	Chrysomelidae
	3
	2
	0
	1
	0
	0
	0

	Curculionidae
	4
	0
	0
	0
	0
	0
	0

	Coccinellidae
	1
	0
	0
	1
	0
	0
	0

	grouped Coleoptera
	3
	1
	1
	1
	0
	0
	0

	Syrphidae
	1
	0
	0
	2
	0
	0
	0

	other Diptera
	3
	2
	0
	1
	0
	1
	0

	parasitic Hymenoptera
	0
	0
	0
	1
	0
	0
	0

	Apidae
	1
	0
	0
	1
	0
	0
	0

	Formicidae
	0
	0
	0
	0
	0
	0
	0

	Symphyta
	3
	3
	2
	4
	0
	0
	1

	grouped Hymenoptera
	1
	1
	0
	1
	0
	0
	0

	Acari
	0
	1
	0
	0
	0
	1
	0

	Araneae
	1
	1
	1
	4
	0
	0
	0

	Isopoda
	0
	0
	0
	0
	0
	0
	0

	grouped chick food
	6
	1
	0
	0
	0
	0
	0

	All arthropod groups
	51
	26
	16
	43
	4
	7
	4


* For all pesticide management comparisons (see section 3.1)

Table 3. Frequency of effects of headland pesticide manipulation on terrestrial arthropods within the adjacent sprayed area of crop (signif.: statistically significant)

	Arthropod group


	Count or species number in crop adjacent to unsprayed (or selectively-sprayed) study headlands relative to crop adjacent  to sprayed reference headlands * 

Frequency of results in each category



	
	signif. higher


	higher

but not signif.
	higher

but not tested
	no difference


	lower

but not tested
	lower

but not signif.
	signif. lower



	Collembola
	0
	0
	0
	0
	0
	0
	0

	Aphididae
	0
	0
	0
	3
	1
	0
	0

	grouped Homoptera
	0
	0
	0
	0
	0
	0
	0

	Heteroptera
	0
	0
	2
	1
	1
	0
	0

	Dermaptera
	0
	0
	0
	0
	0
	0
	0

	Lepidoptera 
	0
	0
	0
	0
	0
	0
	0

	Neuroptera
	0
	0
	0
	0
	0
	0
	0

	Thysanoptera
	0
	0
	0
	0
	0
	0
	0

	Carabidae
	0
	0
	1
	4
	1
	0
	0

	Staphylinidae
	0
	0
	1
	1
	0
	0
	0

	Chrysomelidae
	0
	0
	0
	0
	0
	0
	0

	Curculionidae
	0
	0
	0
	0
	0
	0
	0

	Coccinellidae
	0
	0
	0
	0
	0
	0
	0

	grouped Coleoptera
	0
	0
	0
	0
	0
	0
	0

	Syrphidae
	0
	0
	0
	0
	0
	0
	0

	other Diptera
	0
	0
	0
	0
	0
	0
	0

	parasitic Hymenoptera
	0
	0
	0
	0
	0
	0
	0

	Apidae
	0
	0
	0
	0
	0
	0
	0

	Formicidae
	0
	0
	0
	0
	0
	0
	0

	Symphyta
	0
	0
	0
	0
	0
	0
	0

	grouped Hymenoptera
	0
	0
	0
	0
	0
	0
	0

	Acari
	0
	0
	0
	0
	0
	0
	0

	Araneae
	0
	0
	0
	0
	0
	0
	0

	Isopoda
	0
	0
	0
	0
	0
	0
	0

	grouped chick food
	0
	0
	0
	0
	0
	0
	0

	All arthropod groups
	0
	0
	4
	9
	3
	0
	0


* For all pesticide management comparisons (see section 3.1)

Fig 1. Types of pesticide comparison in study and reference crop edges (study vs reference). ZERO: unsprayed; CONS: Conservation Headland (pesticide use according to Sotherton et al., 1989a); F: fungicides; H: herbicides; I: insecticides. For full explanation see text (section 3.1)
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Fig 2. Widths of unsprayed or selectively-sprayed crop edges in experimental studies monitoring effects of crop-edge pesticide exclusion on terrestrial invertebrates
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Fig 3. Crops used in experimental studies monitoring effects of crop-edge pesticide exclusion on terrestrial invertebrates
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Fig 4. Invertebrate groups monitored in studies investigating effects of crop-edge pesticide exclusion 



[image: image4.emf]0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Carabidae

Heteroptera

Aphididae

Lepidoptera

Araneae

Chrysomelidae

Staphylinidae

Symphyta

grouped Homoptera

grouped Diptera

Curculionidae

grouped chick food

Syrphidae

Neuroptera

Collembola

grouped Coleoptera

Coccinellidae

grouped Hymenopt.

Thysanoptera

Apidae

Parasitica

Acari

Dermaptera

Formicidae

Isopoda

Number of studies


Fig. 5. Sampling methods used for invertebrates in studies of the ecological effects of pesticide exclusion from crop edges
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Fig. 6. Durations of studies investigating the effects on terrestrial invertebrates of pesticide exclusion from crop edges



[image: image6.emf]0 2 4 6 8 10

1 year

2 years

3 years

4 years

5 years

6 years

Number of studies


	


To move from one fill-in location (field) to another, press TAB, RETURN, UP or DOWN arrow keys unless instructed to do otherwise. Locations may also be selected by clicking on them.























CSG 15 (9/01)
1

CSG 15 (9/01)
3

