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Executive Summary

This report summarises recent changes in pesticide use @00 H 0 Ay G KS D2/ ¢ Q&
considers the use feed treatmensfor the first time, and examines the effect of this pesticide use
on invertebrate food resources for farmland birdShis worlcoveisa period that has seen both the
expansion of agienvironmental management directed towards reversing the trend of declining
farmland flora and fauna as well as changes in pesticide availability due to legislation and agri
chemical developmentThe analysis on which this report is based draws on a unique dataset, the
D2 / ¢SOsgex Studyhich hasmonitored both the farming deisions andhe cereal ecosystem on
62 knt of the Sussex Dowrssnce 1970 Thisstudyis the longest running cereal ecosystem
monitoring exercise in the world armbllates information oncropping pesticide usecereal weeds
andinvertebrates Results frm the analysis of this dataset allow letegm changes in crop
management and the effects of these changes on cereal ecosystem biodiversity to be as3essed.
earlier reports havexaminedchanges in pesticide use and the effect détise on the food
resources of farmland birds (Ewald & Aebischer, 1999 and GCT, 2007).

When the entire time span of the Sussex Study (1970 to 2012) is consittersxihave been long
term increases in every measurefofiar and residuapesticideuse(herbicidesfungicides and
insecticides), includinthe intensity of use Consideringhe recent time periogdhowever, we found

no significanchangedrom 2005 to 201Zompared tothe period from 190to 2004in the overall
useor intensity of usef pesticidesn Sussex (Ewald & Aebischer, 1999 and GCT, 208i%).
stabilisationreflectschanges in cropping on the study ar@ath recentdeclinesin the area sowro
winter whed andan increase in spring cerealndbreak crops.On average, over half of all winter
cereals and break crops planted since 2005 on the study area were treatedagithireatmens
containing neonicotinoidsWe did not find thathe use ofneonicotinoidseed treatmens in winter
cereals reduced the number stibsequenfoliar insecticide pplications;in fact we found that,
converselywinter cereals treated with neonicotinoids were more likely to be treated with foliar

insecticides.This may reflect either farmer riskversion or timing of the sowing of crops.
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We examined the trends in ghaverage annual abundance of six invertebrate groups and three
chickfood indices over the 43 years of the Sussex Study considered here. Of these, all six
invertebrate groups and three chidkod indices declined in the early part of the Sussex Study, in
concert withthe advent offoliar insecticide usacross the area Two invertebrate groups,

Carabidae & Elateridae and Aphididae, have declined over the whole of the Sussex Study, with no
evidence of aecentrecovery. Four of the six invertebrate grauand all three chiefood indices

have shown some signs of recovery in abundance, with the abundance of three groups in particular,
Araneae & Opiliones, Chrysomelidae & Curculionidae anddgbitd Hemiptera, increasinyer the

past ten years

The main finding of thisork reinforcedthat of previous assessments the Sussex Study dataset
foliar insecticide useadjusted for the use of other types of pesticidesgssociated wittsignificantly
lower abundances dll groups of chickood invatebrates Additionally, the use of foliar insecticide

is associated witl carryover effectin the year following an application, with ttedundance of

seven of the nine chiefood invertebrate groups examinegignificantly lower With regard toseed
treatment, aphid abundance was negatively affected by neonicotiiseied treatmens, withseed
treatments as a group negatively impacting the abundance of évler chickfood invertebrate

groups. The overarching negative effect of foliar insecticideiegtmnsremained when controlling

for seed treatmens. Ourresultsindicatethat foliar insecticide applications are more of a threat to
the abundanceof chickfood invertebratesexamined herghanthe use oeonicotinoidseed

treatments, in a cereal exsystem. The role and use of neonicotinoids should be considered in light
of the wider suite of evidence, including their potential impact on the main groups of pollinators not

monitored in this study.



1. Introduction

In Britain, a large body of scientific evidericd&ksagricultural intensificatiorfincluding field
enlargement, increasinghemical inputsthe polarization of farmypes and a change from spritag
autumnsown crop}to declines in wildlifeencompassingarmland birds, invertebrates and arable
flora (Potts 1986, Chamberlain et al. 2000, Benton et al. 2002, Boatman et al. 2004, Donald et al.
2006, Paotts et al. 2010). Invertebrates in agricultural environments provide a variety of ecosystem
servicessuchaspollination, pest control and seevas foodfor farmland birds and other wildlife

The provision of all thesis negativelyaffectedby recent changes in agriculture (Geiger et al. 2010,
Potts et al. 2010, Power 2010, Rusch et al. 2010, Holland2912). As global food demand
increases (Schmidhuber & Tubiello 2007, Godfray et al. 2010, Chakraborty & Newton 2011), farm
management, including pesticide use, is likelyntensify furtherin order to maintain and increase
crop yields.

Not onlyhave increases in the intensity of pesticide usesed concerns, but so hése use of
neonicotinoidbased products, particularly in relation to reported declines in pollinators (Blacquiere
et al. 2012, Walters 2013, Godfray et al. 20 ecentEU restrictior(to be reviewed in two years)

on the useof three neonicotinoidsubstancesdlothianidin, thiamethoxam and imidaclopjidame

into effect in December 2013 for flowering crops, but not wirdewn cereal¢EC 2013)The
restricionwas primtk NAf & Ay adA3ardSR & F YSFadaNB (G2 fAYAG
(http://www.efsa.europa.eu/en/press/news/130116.htm), but the impact of neonicotinoids on

other invertebrate taxawvithin the arable ecosystem needs to be considei@al The impact of
neonicotinoids on wildlif@ther than beedas received less attentioalthough reviews oftheir

effects on othewertebrate and invertebrate wildlifeave been published (Goulson Z)Libbons et

al. 2014). A recent study implicated neonicotinoid pollution in the decline of farmland birds in the
Netherlands (Hallmann et al. 2014), with the mechanism believed to be a decline in invertebrates

that provide food resources to farmland bgdh water bodies contaminated with neonicotinoids.


http://www.efsa.europa.eu/en/press/news/130116.htm

Monitoring and understanding lorgrm trends in pesticide usageill enable regulatory authorities

to make educated decisions regarding their iBeeD I YS 9 2 Af Rf A F SsSussgka SNII G A
Sudy has monitored cereal flora and invertebrates for over 40 years, from 1970 to the current day.
The data on folidresidualpesticide use in cereals on the study area haveadyformed the basis

of two reports, ongo the Joint Nature Conservancy Cou@NCETin 1999(Ewald & Aebischetr999

¢ referred throughout this report as E&A 1999) and doe¢he Pesticide Safety Directorate
(Department for Food, Environment and Rural Affaims2007 GCT 2007). Thereportsfocused on

the effect of foliafresidualpesticides (herbicides, fungicides and insecticides) ontaayet arable

flora and invertebrates, specificaliy taxa that provided food resources for declining farmland
birds. The last reportindicated that the number of foliar insecticide treatmentsd increased from
1970 to 1995, then stabilised up to 2004ere was no evidence of an increase in food resources for
farmland birdsbetween 1995 and 2004ut insecticide treatmenshowed a significant negative

effect on the abundance @l chickfood invertebrates examined.

What was not realised at the time of the last analysis was, tiate 1996, some cereal and oilseed
rape seed had beetneated with neonicotinoid dressingsThis new studgims tountangle the

effects of neonicotinoideed treatmet from that of foliar pesticideslt examines the suggestion

that the widespread uptake of neonicotinogged treatmens has led to a decline in the use of foliar
insecticide applications (Syngen2®13) and considers the effect of insecticidal seed treatment on
invertebrates eaten by birds, using the same approach that we previously applied to foliar and
residual pesticides in GCT (200Moreover, revisitinghe effect of foliafresidual pesticides on
invertebrates in the Suss&udy will determinewhether there has been any change during a time
when Europeardirectives have promoted the use litegratedPest Management(IPM) for the
sustainable use of pesticides in arable agriculture (EC 2008). More generally, lhe Sussegudy
dataset which is the longest running monitoring study of the arable ecosystem in the world,
provides detailed insight into the impact of pesticidestba arable flora and fauna.otparison of

datafrom the Susse$tudywith national usage figure&Garthwaite et al. 2006, 2010, 2011, 2013)



allowsus to gauge how representative thmesults are likely to be for UK ceregowingareasas a

whole.



2. Materials and Methods

Summary of data
1. This project draws oalongterm monitoring studyof the arable ecosystem, the Garaed
2 At REAFS / 2y auSsedstudy(1®7@012). Nz issea Study covers
approximately 62 krfof the chalkbased Sussex Downs and collates information on crops,
cereal weeds, cereatvertebrates and pesticide use; no effort is made to alter agronomic
decisions within the study area, though farmers are kept informed of the findings of
reseach carried out on their land. Farmers have changed but mainly through family
succession (i.eather replaced by son) and management practices have remained similar.
2. Previous reports (Ewald & AebisclH®99 GCT 2008xamined the effect of pesticide
applications on weeds and invertebrates in cereals from the Susaaly area over 1970
2004. Thigroject uses the same methodology to evaluate the impact of changing pesticide
usage during the time period 208912.
3. We collated pesticide information fro@2005to 2012, including both foliar applications and
seed treatmentreatments applied to ceredields.
4. We divided herbicides, fungicides and insecticides according to their specificity and modg¢
action:
- herbicide specificity: grasseed specific, broadleafieed specific, and broad
spectrum.
- herbicide mode of action: preultivation, contactresidual, and contact + residual.
- fungicide mode of action: sitepecific/nonpenetrative and multsite/penetrative.
- insecticide mode of action: pyrethroids, nggstemic organophosphates, systemic
organophosphates and carbamates (pirimicarb excligive
5. We collected information oseed treatmens used from 2003 to 2015eed treatmentvas
divided intothose containindungicide onlyand those that also included insecticideSeed
treatments containing insecticidagere divided into those that contained neonicotinoids or
pyrethroids or a combination of neonicotinoids and pyrethroids.
6. We examined the effets of pesticide usdancludingseed treatmens, on the abundance of
six invertebrate taxa and three derived indidegortant as avian chiefood.
7. Conservation headlands were used in a proportion of these cereal fields eachMjear
examined the effect of conservation headlands on pesticide use in the remainder of the
field.

A1

of

2.1 Study area

From 1970 to the present dajfhe Game & Wildlife Conservation Trust has collected data on the
invertebrate,plantand avian components of the cereal ecosystem, as well asabiecrop

management, from 62 kfiof farmland on the Sussex Dowinssouthern England (Aebischer 1991;

Ewall & Aebischerl999 2000; Potts1986, 2012; Potts et a&2010). The study area is situated

between the rivers Adur and Arun, the dominant soils are chalk rendzinas with abundant flint,

isolated caps of clay on higher parts and poisicial deposits along K S £ 2 ¢ SNJ LJ NIia 2F |

grttSeaqQo ¢KS ONRBLILMAY3I O2yaraida 2F | YAE 2F OSSN



with break crops (oilseed rape, linseed and peas) and some grass leys (established through direct
sowing orundersowing. Arable crops were classified into four types: break crops (fodder rape, kale,
linseed, maize, oilseed rape, peas, beansfadderbeet), spring cereals (spring barley and spring
wheat), winter barley/oats and winter wheat (including bearded wheat)h data collated on

changes through time

No effort is made to influence the management undertaken by the farmers on the study area,
although they are kept informed of the results of research carried out on their land and from other
GWCT researcfThe famers on the Sussextudy aredave incorporated agenvironment in their
management regimes since the UK instigated schemes to girated enhance the environment.
Beginning in 1987, several farmers entered land into the South Downs Environmentaltiv&ensi

Area Scheme (ESA) which was particularly directed towards supporting extensive grazing, as well as
conserving hedgerows and field margins aethining overwinter stubbleddith the roll out of
Environmental Stewardship in 2005, all of the farms signed up to the Entry Level Stewardship (ELS)
and subsequently all have now joined tHegher Level Stewardship (HLEach farmer has selected
options from ELS/HLS that suit theimnagement (Ewald et al. 2012, Potts 2012&veral farmers

have chosen to focus on ELS options (and their HLS equivalents) included in the Farmland Bird
Package (Winspear et al. 2010) with three farmers using conservation headland options (EF9, EF10,
HF9 HF10, HF14), three beetle banks (EF7, HF7) and four wild bird seed mixtures (EF2, EF3, HF2,

HF12).

2.2 Data collection

2.2.1 Pesticide data
Detailed data were collected on the application of herbiciffeBar and residual)fungicides (foliar
andseedtreatment), insecticides (foliar ansked treatmeny, molluscicides and growth regulators.
Information regarding the rate and timing of an application was collected, if available. In most cases,

farmers recorded the compounds that they applied to thestds as trade names, nattive
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substances Information oractive substancewas obtained from the UK Pesticide Guide
(http://www.plantprotection.co.uk/ 0 = LINB RdzOG fF 6Sf a 2NJ RemNEOGt e
All available pesticide information was then entered into a GIS [MajProfessional 11.0) on a
field-by-field basis.Data concerning applications of molluscicidesl growth regulators were not
extensively or consistently recordeshdwere excluded from analysisinformation on the use of

seed treatmens was available on a subset of the datageginning reliably i2003

We considered pesticide useded as botlyes/noandas the humber of applications.

The timing of pesticide applidahs wasdescribed by two variablesne for each application period,
eachcoded yes/no. The firstariabk identifiedautumn/winter applicatiors (post-harvest from the
previous year until the end of FebrudryThe secondariableidentified spring/summer applicatios
(beginning of March until the time of invertebrate sampling in June

Herbicides were divided initially into three groups based on the type of plants that they were
effective againstpnamelydicotyledons (broadeaved weeds)nonocotyledons (grasses) and both
classes of plants. They were also divided into four groups reflecting the mode of action and timing
of application of the products involved: herbicidapplied precultivation (usually very broad
spectrum), those effect& only on contact with weeds, resideattingherbicides andonesthat

were effective both on contact and as a residual.

Fungicides were divided on the basis of their activity into two groopasthat acted on a specific
target in the pathogergsite-specific and penetrativeand onesthat acted against multiple targets in

the pathogen(multi-site and norpenetrative.

Foliar hsecticides were divided into four groups, reflegtithe chemical clasef the active
chemicals:pyrethroids, systemic orgamphosphates, notsystemic organophosphates and
carbamates. Pirimicarb was the only compound recorded in the carbamate group, and this group is
henceforth referred to as pirimicarb.

Seed treatmerd were divided int@nesthat weredirectedonly towards fungal diseasé&ingicide

only)andonesthat containedinsecticide as well. The insecticide dressings were subdiuittzd

11
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http://www.plantprotection.co.uk/

neonicotinoids, pyrethroids and neonicotinoid and pyrethroid mix8se farm had not usedeed
treatmentsatallref @ Ay 3 2y a1SLIW aSSR¢E (GKIFaG sFra GSadsSR F20
HAMH® ¢KS FINNYSNIAY (KAa AyaildlyOS O02Ye&SyiSR a2k
In addition to pesticide use in the current yeatithin each field, information comening pesticide
useand crop typen the previous year was extractedhisk f £ 2 4 SR T2 NJ daky2 ASNET & & A 3
effect.
2.2.2 National Pesticide data
Data on national pesticide use on arable crops from 2006 to 2012 is published in a seriecmidPesti
Usage Swey reports (Garthwaite et a2006 2010 2011, 2013, providing datayrouped by crop
type for Great Britain (2006, 2010) and UK (2011, 20433 followed Davist al. (1993) and
Garthwaiteet al. (1995) in using thépercentage of are&reated with pesticides in any one y&as
the total cropped lectaragetreated divided by the total croppedestarage multiplied by 100. We
also calculated the spray area, which takes into account the number of times a field is treated with a
pesticide(if a field is treated twice then its spray arisdwice the area of the field This value is
then transformed to percentage spray area by dividing total spray area by total cropped area and
multiplying by 100. The corresponding figures for the SuSsadywere calculated by summing, for
all cropped fields, the number of pesticide applications in a field multiplied by the cropped area of
that field, dividing this figure by the total cropped arghen multiplying by 100 to give a
percentage.
We usedboth the nationalpercentage area of crops treated with pesticides andrihgonal
percentage spray area for comparison with figures from Sussex. The average number of applications

per treated fieldwas also included in the analysis, as a measure ofigitieof pesticide use.

! No information is available on crop failures or yields within the Sussex Study dataset. Using-{estedo
compare the use of pesticides on this farm to the remainder of the Sussex Study area from 2003 to 2012, the
proportion of arable cropping othis farm treated with herbicidesdt 0.68, P = 0.511) and fungicides(t

0.82, P = 0.435) was equal to that across the remainder of the study area while the proportion treated with
insecticides was lowergt-2.33, P = 0.045). Fewer applicationhefbicides were used on this farm,

compared to the remainder of the study area, when they were used. the intensity of herbicide treatment

was lower (§=-3.70, P = 0.005) but the numbers of fungicide=t1.25, P =0.244) and insecticide applicat

used were similar to the rest of the study area<t12.23, P = 0.001).

12



Weighted averages were calculated from the national figures, based on the annual crop composition

in the Sussex Studyea, to ensurethat all comparisons between the two datasets were consistent.

¢ KS Wh (i K SoNseed GdatireStSir2theihational reports contained a wide rangeaative
substancesincluding both fungicide and insecticides; tltieced us to either knowingly ovelwor

underinflate the area treated with each type eéed treatmen®® 2 S St SOGSR SBIDA Yy Of dzF
category with both insecticide and fungicides in our calculation of weighted national figures,

reasoning that including teeWh (i KeBd\i@atmenswouldprovidel Wg2 N&RG OF aSQ y I (A

estimate to compare with Sussex.

2.2.3 Invertebrates

TheSussex Study dataset contains information on the abundance of cereal invertebrates in
approximately 100 cereal fields per year from 1970 to2(&ffortswere made to sample every
cereal field across the study area each yegsamples were collectad the third week of June using
a Dietrick vacuum suction trap {ac, Dietrik 1961)to take five tensecond susamples, each of
0.092 nf, along a diagonal transect into the fiel@fhe method of sampling needs be considered
when thinking abouthe resultsof this analysisD-vac suction sampling is known to sample
invertebrates in the vegetatioitself, with pitfall traps more useful for groundwelling and larger
bodied invertebratesparticularly beetle§Sunderland et al., 1995p-vac sampling allow®r
efficient sampling on a limited budget with a short time period available for sampling. An emphasis
on continuity of methods and changes in invertebrate abundance is the lextensive studies
across severglears, such as the Sussex Study
The inertebrate groupschosen for analysis were ones that figured prominently in the diet of
farmland birds, especially at the chick stage. They inclfidedrom the first pesticide reportl & A
1999),where taxahad been grouped according to five broad ta@omic categories:

- Araneae& Opiliones(all skzes of spiders and harvestman)

- Carabidae Elateridae(adults of ground and click beetles)

- Symphyta& Lepidoptera(adults, larvae and shed skins of sawflies, butterflies and moths)

13



- Chrysomelidae& Curculionidag(adults and larvae of leaf beetles and weevils)

- Non-aphid Hemiptera(adults and nymphs of plant bugs/hoppers, excluding aphids)
Another four were onesonsideredadditionallyin the second reportGCT 200)/and are included
here:

- Aphididae (adults & nymphs of aphids)

- Grey partridge chick food index (CE).00614* plant bugs/hoppers (adults & larvae) +

0.0832* leaf beetles & weevils (adults & larvae) + 0.000368* aphids (adults & larvae) +

0.1199* caterpillarg; Symphyta & Lepidoptera dalts & larvae) Neuroptera+ 0.1411*

ground & click beetles (adults) (PottsA&bischer1991).

- Corn buntingMilaria calandrafour-food index (4FIr harvestmen (all sizes) + caterpillars

(as above) + Orthoptera (grasshoppers & ctiskeall sizes)Brickle et al2000).

- YellowhammerEmberzia citrinellandex (YHI)x spiders (all sizes) Fipulidae(crane flies

adults) +Coleopterabeetles in generaladults) + plant bugs/hoppeladults & larvaey

aphids(adults & larvaey butterfly & noth caterpillars (Stoate et al. 1998, Moreby & Stoate

2001)

2.3 Statistical Analysis

2.3.1 Trend in pesticide use
The analysis was carried out on annual valgafulated across the study area. For herbicides,
fungicides and insecticidesawused linearegressiorto investigate trends over time in thennual
percentage of cropped area treated with pesticides (transformerhtbhanangles), annual
percentage spray are@n(x+1}transformed) annual number of pesticide taéments per treated
field (n(x+1}transformed) Trends were examined for the recent peri@d05to 2012 and the full
period 1970 to 202. We tested for a linear and quadratic effect of yeenrd also fitteda generalised
additive model (GAM) of year wifive degrees of freedom(onefor every decadef data availablg
In order to select the model that best fit theends through timeput whichavoided oveffitting the

data, we used aradditionalsumof-squares F test to compare thelativedifference in the sums of

14



squaredivided by the relative difference in degrees of freedom between the nested models. The
best fitting trend was that which significantly fit the data but was the simplest in terms of minimising
the degrees of freedom in the regression parametafée present onlythe resultsthat best fited
the longterm trend. We usedinear regression in the same wayinvestigate trendsn the
percentageof cerealarea treated withherbicides and isecticideqtransformed to angles) according
to the timing of applicatins
We compared changes in the use of different types of herbicides (effective adaiostiedons
monocotyledors and broadspectrum or precultivation, contact, residual and contact & residual
herbicides) as a percentage of the cereal area whereibiglds were used, using the same method.
Similarly, tends ingroups offungicide and insecticide by chemical activityttees percentage of the
cereal areaeceiving, fungicide or insecticidespectively were also examined this waye
compared aredreated to the area where pesticides were used in order to compare trends in the
use of different types of pesticides, when a farmer had made the decision to use a pesticide
We alsoused linear regression to examine the trend in useaxd treatmensfor the Sussestudy
area(overall andby dressing typeusing annual percentage cropped area treated (transformed to
angles)rom 2003to 2012 Because of the short run of years, we considered atilyear
relationships with time for theseed treatmens.

2.3.2 Use of foliar pesticide sprays in relation to use of neonicotinoid seed
treatment s
Thisanalysis was carried out at the level of individual fiell® examined each of the five crop
groups (spring cereal, winter wheat, winter barley/oats, autumn sdweak crops and spring sown
break cropskeparately as each have different insecticide treatment requirements and grouping
them together would not produce interpretable resultsor break crop groups we not only analysed
these as a group but also codeied different specific crops (oilseed rape, winter beans in the case
of autumn break crops and oilseed rape, fodder beet, peas and linseed in the case of spring break

crops) due to the differences in management between théie consideredoliar herbicde and
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insecticidetreatments in autumrand spring separatel\coded as binary variable (0 = no foliar
pesticides 1 = foliarpesticideapplied to the field) This was analysed using-square analysi@vith
L GSaQ  Owhdidd Ieast haf yihe expected values in a two by two contingency table were
five or greater, to avoid problems with small sample sizes

2.3.3 Agri-environment Schemes (AES) and pesticide use
General linear models were used to compare the area treated with herbicidescitegjiand
insecticides (as well azed treatmens where available), the total spray area treated with each type
of application and the number of applications on fields with AES options, i.e. conservation
headlands, to those without these options, contiadl for crop and year of studyzor each measure
of pesticide use we first tested for an interactibatweencrops in the use of pesticides on fields
with conservation headlands versus those without conservation headlands. If a significant
interaction wa found we examined each crop separately, testing whether fields with conservation
headlands differed from fields without conservation headlands in their foliar/residual pesticide use
and in theseed treatmens used. If no significant interaction was itd&ad then the analysis
considered all crops together, again testing to see if having a cornigsmieadland on the field
edgeinfluenced the decision tase pesticides in the middle of the field.

2.3.4 Trends in i nvertebrate abundance
The analysis wasarried out on the annual mean number of invertebratesd includedsamples
acrosgshe study areaWe used generalized linear models with Poissoor distribution and
logarithmic link function, corrected for ovelispersion and weighted by the samplees to
investigate trends over time in the average annual abundance of each of the invertebrate groups.
We tested for a linear and quadratic effect of yeand also fitteda generalised additive model
(GAM) of year witliive degrees of freedom(onefor every decadef data availablg Wepresented
the trend that best fited the longterm trend, again selected using an extra sofrssquares F test to
select the most parsimonious model in terms of minimising the degrees of freedom in the regression

parametes.
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2.3.5 Invertebrate abundance in relation to pesticide use
The analysis was carried out at the level of individual fields. It saagtentify pesticide
treatments that were associated with significant changes in invertetabtendance after
accountng for crop and yeaeffects. It also checked whether any relationships charmgtdieen
the two time periods (19702004v. 2005- 2012) by testing the interaction between period and the
pesticide variable Pesticide treatmentcpded as/es/no), the effect of multiple applications of
pesticides andhe timing of application of pesticides were all investigated in this manfeom
2005 to 2012, 91 locations where invertebrates were sampled were not treated with herbicides,
owing to the pesence of conservation headlands. This allowed us to include herbicide treatment
(yes/no) as a factor for this time period in the analy$lse uses of herbicide, fungicide and
insecticide were examined simultaneously so that any detected effect toolaottount the use of
other pesticides For a given invertebrate group, the number in each samplelm&s1}
transformed before analysis in order to normalise the distribution and stabilise the variance.
Invertebrate abundance was related to the differgmbups of herbicides, fungicides and insecticides
usinggeneral linear modellingNVhen testing for differences between groups of a particular pesticide
type, e.g. insecticide, the effects of the other two pesticide types (e.g. herbicide and fungicige) wer
accounted for by includintyvo binary variablegcoded yes/ngl OO2 NRAYy 3 (2 Sl OK 2y SQ
The relationship between invertebrate abundance and pesticide use in the previous year was
examined usingeneral linear modellingIn this analysis the effect,an turn,herbicides, fungicides
andinsecticides in the current yeaiogether withthe effects ofcrop and yearwere taken into
accountalong with thecrop of the previous year
The results of the analyses of invertebrate abundances were expressed jpsrcentage difference
in adjustedmean density between treated and untreated fields relative to the mean density in
untreated fields. In practice it was calculated by exponentiating the regression coefficient of the

treatment factor, subtracting oneral multiplying by 100.
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To evaluate the effects skeed treatmenbn invertebrate abundancehe dataset was restricted to
fields for whichseed treatmeninformation was availableThe previousanaly®s were rerun, with
the presence/absence @ked treatnent, andseed treatmenigroups, as additional factars

2.3.6 Interpretation of statistical significance
Becausenultiple tests were undertaken in thenalyses, the likelihood of finding a significant
difference solely by chance at the 0.05% level of significance is one in twEngmnore tests are
performed, the higher is the likelihood of finding such a differelmgehance This should always be
borne in mind when interpreting the result$Generally speaking, we tended to disregard
significance levels between 0.05 and 0.01, but considered that wPer@.01 the null hypothesis
was reliably rejected. As well as examining the significance levaigdividual taxa, we gave

consideration to the overall pattern of effects across all taxa, whether or not statistically significant.
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3. Results

Summary oPesticide Use Patterns

1.

10.

11.

12.

Since the last analysis of the SusSexly pesticide applications the proportion of the Susse
Sudy planted to break crops and spring cereals has increased from 2005, particularly s
the loss of set aside in 2008. Winter cereals, which expanded in area from the 1980s, h
declined.

Pesticide usavas measureas the percentage of arable crop area treated with herbicide,
fungicides or insecticidewiith intensity of their useneasuredas percentage spray area and
as number of treatments per field. Across the whole of the SuSsely (1970- 2012), all
measures of pesticide use increased@ihere was no significant change in any measure
between 2005 and 2012, indicating thaiet early intensification in pesticide inputs in Sussé
has stabilised.

Herbicideuse(percent area treated) in Sgex from 1970 to A® matched that across the
UKbut was less intense (measured as percentage spray area) than natiofallynn
applications ofoliar herbicidehave stabilised since 199n Sussex after the mitl990s the
use offoliar herbicides irthe spring increased, and remained steadily high between 2005
and 2012.

The use of broadleand grassspecific herbicides increased after the riil90s, before
stabilising in the latter part of the study. Broggectrum herbicide use increased untieth
1990s and has stabilised since then

Precultivation and contact & residual herbicides both increased in usage between 1970
2012. Contact herbicide use declined from 1970 to 1990, before steadily increasing and
becoming almost uniformly applied blget late 2000s. Residual herbicide use increased frd
1970 to the late 1990s, befoltevelling off.

FRungicide use (percent area treated) in Sussex from 19701& @atched that across the
UK, whereas the intensity @fingicideuse was lower than nationally

The use of different types of sipecificfoliar fungicides did not change over the duration
of the study, while the use of mulsiite foliar fungicides increased linearly between 1970
and 2012.

Insecticide use and intensity weegjual tonational fgures Autumn applications ofoliar
insecticide declinedlightly over the last ten yearsvhich could be a consequence of the
move awayfrom autumn sown crops to spring sown varietiedpringfoliar insecticide
treatments increased between 1970 and 2Cdoss the study area.

Pyrethroid insecticides have been used at consistently high levels since the earlyN&80g,.

systemidoliar organophosphates showed a significant increase between 1970 and 2012
while systemidoliar organophosphates declined w1970 onwardsthey were lasused on
the study area in 2004.

Data covering the use gked treatmens was available from 2003 to 2012. The use of
fungicide basedeed treatmentas 28% higher across the SusSexly than nationally.
There was an increase the use of insecticidseed treatmens on Sussex, with the same
trend present in the national figures; insecticisieed treatmeniuse in Sussex matched
national figures.

Neonicotinoidseed treatmens were used on winter cereals and break crops in&Sugem
2003, with 20% of spring cereals treated with pyrethrbakedseed treatmens from 2005
onwards.

Winter cereals treated with neonicotinoiseed treatmens were more likely to be treated
with either foliar herbicidesor foliar insecticides in the autumn/winter. Winter break crops
treated with neonicotinoidseed treatmens were as likely as crops not treated with these
types ofseed treatmens to receivesither a foliarherbicide or a foliamsecticide treatment
in the autumn/winter. Fields olautumn-sown oilseed rape treated with neonicotincsged

X
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treatmentwere less likely to be treated with autumn foliar insecticide than crops without
neonicotinoidseed treatmentbut more likely to be treated with either a foliar herbicidea
foliar insecticide in the springSpringsownoilseed rape crps treated with neonicotinoid
seed treatmens weremore likely to receive a folianerbicide application in the
spring/summer tharspring oilseed raperops without theseseed treatmens.

13. Several farms within the study have undertaken management through the Higher Level
Scheme (HLS, NE 2013b), including the use of conservation headlands, with limited foliar
pesticide applications on cereal headlands. We compardieluh foliar pesticide
applications (percentage fields treated, percentage spray area and number of treatments
andseed treatmentuse between conservation headland fields and fvonservation
headland fields. There were no differences in fields with or without conservatioidads
in the proportion that received foliar herbicide or fungicide treatments. Fields of winter
cereal with conservation headlands were more likely to be treated with foliar insecticides.
The intensity of herbicide and fungicide applications (measbmh as percentage spray
area and number of treatments) were lower on fields with conservation headlands. The
percentage spray area of insecticides was higher on winter cereals with conservation
headlands than fields without conservation headlands but¢heas no difference in the
number of treatments. The use of neonicotinsieled treatmen$ was more common on
winter cereals that had conservation headlands.

3.1 Trends in cropping

The mairchange in the composition of crops grown in Sussex since i#8¥Been the increase in
winter wheat from the 1980sintil 2005, with a increase in spring cereaince theranda
subsequentecline in winter wheaFigure 1) Setaside was an important component of the area
until it wasabolishedin 2008 and there was an early shift from rotational grass to otational
grass in the late 1980s coinciding with the Environmentally Sensitive Area schieenarea of break

crops sown has steadily increased following the abolition chsite in 2008.
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Figure 1.Changes in cropping through time on the Sussex Study area as percentage area per crop
from 1970¢ 2012.

3.2 Trends in pesticide use

3.2.1 Trends in foliar herbicide use
Overall, from 1970 to 2012he percentage area treated with herbicidereased significantly~4; =
27.01, P< 0.001 Figure 2 There were no significant changes in percentage treated area between
2005 and 2012 for herbicide across the arable afga<£0.20, P= 0.672). When compared with the
national figures there &s no difference between percentage area treated with herbicidgs
0.04,P=0.967).Percentage spray area showed the same pattern as treated area, with significant
increases imerbicide uséetween 1970 and 201@ 4, =257.6Q P< 0.001) Therewasno
significant change in the percentage spray area of herbicide between 2005 andRE(99 P=
0.357). Despite the increasénerbicide percentage spray area was/eron average compared with
the national trend (25% lower),f=-6.33,P<0.001) Overall the number of applications of
herbicide increased significantly between 1970 and 212 € 363.5Q0 P< 0.001) Therewasno

significant change in the number of applications of herbicide between 2005 and BQ120(80, P=

0.4086).
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Figure2. Long term trend in foliar herbicide usage in arable crops on the S8sshxarea (black

line) and national figures (red squares). National figures are adjusted to reflect the cropping
composition on the Suss&udy area. The treated arepercentage of herbicide increased from

1970 to 2012 (F;;= 27.01P< 0.00).The spray area percentage of herbicide increased from 1970
to 2012 (k4= 67.53P< 0.001). The number of treatments of herbicide also increased significantly
between 1970 ad 2012 (Ir4; = 363.50P< 0.001).

We examined trends in the timing of herbicide application on cereals (F&urderbicide

applications in the autumn/winter increased through the 19708®1990s, and have stabilised

since then 40 =29.40 P<0.001) at, on averageb1% of the cereal area. The percentage of the
cereal area treated with spring/summer herbicide treatment was high at the beginning of the Sussex
Study with an average of 89% of the cereal area receiving herbicide treatbetween1970 and

1985. Use declined from 1986 to 1996 to an average of 61% of the area treated, incred&&d to

from 1996 to 2000 and has subsequently increased again to an average of 90% of the study area

treated since 2000.
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Figure3. Trends through timeni thetiming of herbicide application. Autumn herbicidg {, =29.4Q
P<0.001) increased from 1970 to the mitR90s, before decreasing from then on. Spring herbicide
(R 37=8.05 P<0.001) usage declined from 1970 to 1990, before increasingrandning to the high
values seen at the start of the study.

We split herbicide treatments into groups based on specificity and groups based on mode of action
(Figured). The use of dicgspecific herbicides was high in 1970, but declined steadily tiivda

the early1990s. Usage then increased untiltheearlyy n n Qa > gAGK GKS GNBFGSR |
similar to those seen at the start of the study. More recently the use of dipetific herbicides has
started to decline. Monocagspecific herbicides &re rarely used until the 1990s, averaging 3% of
the area treated with herbicides before 1990, but their use became more widespread since 2000,
with an average of 60% of the area treated with herbicides since then receiving at least one
application of thee compounds. The use of breagdectrum herbicides increased until the

beginning of the 1990s; they have been used on an average of 74% of the area treated with

herbicides since 1991.
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Figure4. Trends through time in the type of herbicide used, grodibg specificityDicotspecific

herbicide useleclined from1970 t01990 but then steadily increased from 19902@12 returning

to levels similar to those in 191653, =8.53,P<0.001).Overall, from 1970 to 2P, there has been

an increase in the @sof monocotspecific (k37 =42.35 P< 0.001) with a sharp increase during the
1990s and early 2000s, before stabilising during the latter part of the 2000s.-Bpeatrum

herbicide usage increased from 1970 through the 1990s, before stabilising and then declining slightly
in the late 2000¢F,40=31.10 P< 0.00).

Considering herbicides grouped by mode of action (Figurthe use of precultivation herbicides

has increased, with some yetir-year fluctuationsover the last five years (20a812) 38% of the

area treated with herbicides receid this type of herbicide. Although conteatting herbicides

were commonly used at the beginning of the SusSexy(average 90% of the cereal area treated

with herbicides from 1970 to 1974) their use declined until 1992, when only 28% of the aresdtreat
received this type of herbicide, with use expanding since then to an average of 94% over the past ten
years. Residualcting herbicide use increased throughout the first two decades of the S8¢sdy

with use levelling off in the latter part of th&tudy, averaging 68% of the area treated over the last

two decades. Herbicides that have both a contact & residual action have increased in use
throughout the study, with large yedo-year variation. Use of contact & resickzadting herbicides

was partcularly high from 2001 to 2004 with an average 57% of the area treated with this type of

herbicide.

24



Pre-cultivation Contact

Herbicide-treated area (%)
Herbicide-treated area (%)

20

1970 1980 1990 2000 2010 1970 1980 1990 2000 2010
Year Year

Residual Contact & residual

Herbicide-treated area (%)
Herbicide-treated area (%)

1970 1980 1990 2000 2010 1970 1980 1990 2000 2010
Year Year

Figureb. Trends through time in the type of the herbicide used, grouped by mode of a&awrh
mode of action showed a significant increase in udagfe/een 1970 and 2012: preultivation (F 41
=25.04 P< 0.00) and contact & residudF 41 =10.39 P=0.0®) herbicides both showed a linear
increase across the whole time period. Contact herbicide use declined from 1970 to 1990, before
steadily inceasing and becoming almost uniformly applied by the late 20BQs=12.29 P<
0.001). Residudlerbicide use increased from 1970 to the late 1990s, before declining slightly
throughout the 2000¢F; 37 =17.96,P< 0.00).

3.2.2 Trends in foliar fungicide use
Overall, from 1970 to 2012he percentage area treated with fungicide increased significahitly €
79.79 P< 0.001 Figure & There were no significant changes in percentage treated area between
2005 and 2012 for fungicid&; ¢ =1.33, P= 0.291) andvhen compared with the national figures
there was no difference between percentage area treated with fungicides on the Sussex Study area
(t4=0.75P=0.478).Percentage spray area showed the same pattern as seen for treated area
with significant increase between 1970 and 201 2fmgicide(F, 4, =60.60 P< 0.001) Fungicide
percentage spray area was significantly lower on the SusSselyarea than the crop weighted
national figures (27% less on Sussex; t3.80, P= 0.002) There were no significant change in the

percentage spray area of fungicide between 2005 and 2B12-(0.57, P= 0.478) Over the long

term the number of applications of fungicide increased significantly between 1970 and 2012
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(fungicideF, 4; =125.6Q P< 0.00), but there were no significant change in the number of
applications of fungicide between 2005 and 20&Eg; €0.42 P= 0.541). The number of fungicide

treatments on the Sussextudyarea was 9% lower than the weighted national values<(t2.53,P=

0.025).
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Figure6. Long term trend in foliar fungicide usage in arable crops on the S8sebxarea (black

line) and national figures (red squares). National figures are adjusted to reflect the cropping
composition on the Suss&udy area. Thareated area percentage of fungicide increased from

1970 to 2012 (F;;= 79.79P < 0.001).The spray area percentage of fungicide increased from 1970 to
2012 (k4= 257.60P< 0.001). The number of treatments of fungicide also increased significantly
between 1970 and 2012 {lr= 126.60P< 0.001).

Foliar fungicide use on the Sussex Study area took place in the spring/summer, so no analysis could
be undertaken on timing of applicationd/e looked at the use of different types of fungicide on the
area where fungicides were applie8ite-specific foliar fugicide use was nearly universelrossthe

area where fungicides were used, particularly from the419@0s. Multisite specific folinfungicide

use showed wide yedp-year variation but increased overall (Figuie
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Figure7. Trends through time in the type of fungicide used. There was no trend in use-epsitéic
fungicides from 1970 t@012(F 40=3.80 P= 0058), while nulti-site fungicides showed a significant
linear increas€k, 40=29.45 P<0.001).

3.2.3 Trends in foliar insecticide use
Overall, from 1970 to 2012he percentage area treated with insecticide increased significaftly (
=55.99 P< 0.001 FigureB). There were no significant changes in percentage treated area between
2005 and 2012 for insecticidé; ¢ =0.36, P= 0.572)When compared with the national figures there
was no difference between percentage area treated with insecticide on the SBasdx area (i, =
0.04,P=0.967.Percentage spray area showed the same pattern as seen for treated area with
significant increase between 1970 and 2012ifmecticide(R 4; =67.53 P< 0.00) and there was
again no significant difference between étsicide percentage spray on the SusSéxdyarea when
compared with the national trend = 0.70, P= 0.494Jhere were no significant change in the
percentage spray area of insecticide between 2005 and 28%2(0.14, P= 0.717)Over the long
term the number of applications of insecticide increased significantly between 1970 andRRQ12 (
23.88 P< 0.001) andhere were no significant change in the number of applications of insecticide
between 2005 and 201F(; =2.39 P=0.173). There wa® significant difference in number of
insecticide treatments between the Sussgtudyarea andhe national figures @ =-1.60, P=

0.133).
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Figure8. Longterm trend in foliar insecticide usage in arable crops onSheseStudyarea(black

line) and national figuregred squares). National figures are adjusted to reflectdtegpping
compositionon the SussexStudyarea Thetreated area percentagef insecticideincreased from

1970 t02012(F 41 =55.99 P< 0.001)The spray area percentagéinsecticideincreased from 1970

to 2012(F 4, =60.6Q P< 0.001) The number of treatments of insecticide also increased significantly
between 1970 and 201¢ 4, =23.88 P< 0.001)

We examined trends in the timing of foliar insecticide applicatinrcereals (Figur@). Across the
SusseStudyarea, insecticide use has been undertaken predominately in the autumn/winter.
Although there were sporadic instances of autumn/winter use in the 1970s, insecticide use in the
autumn/winter began in earnest ithe mid-1980s. Through the late 1980s and the 1990s, although
there were large yearo-year variations, an average of 56% of the cereal area was treated with
insecticides in autumn/winter, followed by a slight decline to an average of 47% of cereal area
treated in the last ten years. On discussion with the farmers, applications at this time of the year
were made to limit the spread of Barley Yellow Dwarf Virus (BYDV) by controlling the aphid hosts of
the virus. Spring/summer insecticide use was sporiadiereals on the Suss&tudyarea until the

later part of the 1980s, when it peaked at an average of 44% of cereal fields treated from 1988 to

1990. Thereafter insecticide applications in spring/summer in cereal crops have shown large year

to-year varations; they have averaged 18% of the cereal area, and never exceeded 41%.
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Figure9. Trends through time itiming of insecticide application. Autumn insecticide usg{=
35.5Q0 P<0.001) increased from 1970 to the mitP90s, before decreasing frothen on. Spring
insecticide increased from 1970 to 20 4=11.51, P=0.002).

Foliar insecticide use on the Sus&Mdywas dominated by pyrethroids sinteey werefirst used in
1984, with 91% of the area treated with foliar insecticides each year receiving at least one
application of this type of insecticide since then (Figl@®e Pirimicarb use has been sporadic
throughout the 43 years where information is a@dile and was last reported used in 2010. Non
systemic organophosphate was first used in 1984 then showed largdorgear variation, with the
last largescale use occurring in 2010; on average since then 10% of the area treated with foliar
insecticideshas received nosystemic organophosphates. Systemic organophosphates were last

used in 2004 on the SussBiudyarea.
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Figurel0. Trends through time in the type édliar insecticide usedPyrethroid insecticides showed
a significant increase from nese between 1970 and the mitb80s, and were used at consistently
high levels since thefis 30 =22.95 P< 0.00). Nonsystemic organophosphates showed a significant
increase between 1970 and 20{R 35 =18.89 P< 0.00). Systemic organophosphates showed a
significant decrease over the same time per{eghs =21.74 P< 0.00).

3.2.4 Trends in use of seed treatment
The areawvhereseed treated with dingicideonly had been used was 288igher on average on the
study areahan the weighted national figurg$, = 7.81,P= 0.001) but with no significant change on
the study area between 2003 and 20124¥# 1.30,P= 0.287 Figure 1} There was a significant

increase in insecticide seed treatments from 2003 to 2012<R0.79, P= 0.01) and no significant

difference between the Sussex figures and the national trepd (€97 P= 0.385 Figurell).
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Figurell. Longterm trend in use of dressed seed in arable crops onShesexStudyarea (black

line) and nationalfigures (red squares). National figures are adjusted to reflect trepping
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compositionon the SussexStudyarea. Use of fungicidenly seed remained steady between 2003
and2012 withno significant change iarea(F g= 1.30,P= 0.287).Useof insecttideseed treatment

increasel significantlyin areafrom 2003 to 2012 (fz= 1079, P= 0.01).

3.3 Foliar pesticide use following insecticidal seed treatment

The use of neonicotinoids differed between the four crop types, with very few spring cereal crops
treated with these types afeed treatmens (Figure 2). Each crop type was considered separately

in the analysi®f pesticide use following neonicotinogted treatmens (we split the break crops

into those sown in autumn and those sown in sptiognake it easier to take into account the

timing of foliar insecticideand then into each main break crpp

Autumn foliar herbicide use following planting wasre common in those winter wheat and winter
barley/oats crops that were treated with neonicotinaéded treatmens, but there was no
significantdifference in the use of herbicides at this time in autumn break crops (Table 1). There
was no difference ithe use of spring/summer applied herbicides in spring cereals, winter wheat or
winter barly/oats depending on the use of neonicotinsekd treatmens. In 962% of autumn sown
break crops treated with neonicotinogked treatmens (all winter oilseed rapespring/summer
herbicides were used, compared to only 61.5% of those break crops not treated with neonicoitinoid
seed treatmens. Spring sown oilseed rape crops also showed a similar pattern, with all those crops
that were treated with neonicotinoideed treatments receiving a spring/summer herbicide after
sowing while only 55.6% of those not treated with neonicotiresed treatmenteceived a

spring/summer herbicide application.
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Figurel2. Trends in the percentage area of each crop type treated im#bcticideseed treatmens,
separated by crop type. Spring cereals were treated with pyretlsedt! treatmens when
insecticidal dressings were used, winter wheat and winter barley/oats were treated with
neonicotinoids and break crops were treated withth neonicotinoid and pyrethroideed
treatments.

The use of neonicotinoigeed treatmens was associated wittn increased use of fungicides
spring oilseed rape crops, 85.7% of those fields treated with neonicotassid treatmens were
treated withfungicides, while no fields of sprirspwnoilseed rape without neonicotinoideed
treatments received a fungicide treatment (Table 2). There were no other differences in fungicide
use inall othercropsconsideredbased on the use of neonicotinosgéedtreatment.

For winter wheat the percentage of fields treated with foliar insectidgidéne autumn(Table3) was
significantly highewhereneonicotinoidseed treatmens were usedwith 82.6% of fieldsvhere
neonicotinoidseed treatmens were usedreated with foliar insecticides in the autunwihile only
62.8% of fields without neonicotinoids received an autumn application of foliar insecti€ides.
winter barley/oats, the percentage of fields treated with foliar insectigf@e. 1%)was higher on
fields with neonicotinoideed treatmens than on fields witbut neonicotinoidseed treatment

(20.0%). In the case of autunisownbreak crops overall there was no difference in autumn

insecticide use depending on neonicotingieed treatmens. However whe autumn-sown oilseed
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