


Executive summary

Pesticides, chemicals designed to kill living
things, are used extensively across the
world, especially in agriculture. In the 60
years since Rachel Carson highlighted the
risks of pesticide use to wildlife and to
people in her hugely influential book, Silent
Spring, we have sleepwalked into a situation
where pesticides have become the norm in
terms of the way we manage land.

We are living in a biodiversity crisis, with one
in 10 species facing extinction in the UK,
populations of farmland birds having more
than halved on average since 1970, and
dramatic insect declines right across the
globe. For some specific pesticides, the
negative impacts are well understood. But
for many substances, huge gaps in our
understanding of real-world impacts exist.

However, we know enough to know that the
negative impacts of pesticides on wildlife are
inevitable. Pesticides are rarely specific to a
particular pest or weed, they persist in the
environment for weeks, months or even
years, they are rarely contained in the area
they are applied and routinely contaminate
nearby habitats. In addition, the cumulative
effect of the sheer number of different
chemicals, as well as the multitude of
complicated ways wildlife can be impacted
by exposure to chemicals, makes it difficult
to quantify or understand this harm.

What we do know is extremely worrying,
but clearly is just the very tip of an iceberg of
understanding about the impacts of

pesticides on our wildlife; above land, below
it and in our rivers and seas. In early 2022,
scientists concluded that chemical pollution
“has passed the safe limit for humanity.""
We are applying huge amounts of toxic
chemicals across the countryside and in our
towns and cities, and we must adopt a more
precautionary approach to their use before
nature is too badly damaged.

The system that governs our use of
pesticides is also fundamentally flawed,
enabling the use of a cocktail of chemicals
on our land with little real understanding of
what it really means for wildlife. Although it
is important to use science to try and
increase some of our understanding, instead
of spending endless time and money trying
to clarify every impact of every chemical

on every species or ecosystem, we could
realistically assume that chemicals designed
to kill things, must be used minimally if we
are to avoid damaging our world.

We need a new approach to land
management, that focuses more on
alternatives and less on chemicals, and
ensures that those which are used cause
minimal harm, are subjected to appropriate
scrutiny, and are only used as a last resort.
Many innovative and progressive farmers are
working hard to reduce their pesticide use,
but Governments need to step up their
support for farmers to facilitate this at a
larger scale and protect people and nature.



Recommendations

1

The Government should commit to pesticide reduction targets across the UK to set a clear
direction of travel to better protect people and the environment. It is vitally important that
these targets take into account use, but also level of harm caused. What will not work, is
developing more and more toxic products that can be used in smaller quantities but do not
reduce the impacts on wildlife.
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Farmers need Government financial support, training and independent advice to reduce their
reliance on pesticides. The development of post-Brexit farming schemes in the UK offer
this opportunity.

3

We need increased investment in research and development of non-chemical alternatives to
pesticides — especially solutions that involve working with nature.

4

We must ensure that the post-Brexit UK's pesticide approvals process is strengthened to
ensure that in cases where chemicals are required, they cause the least harm possible to
wildlife, and the real-world impacts are better understood.
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Outside of agriculture, people can make their own contribution by gardening organically’, and
asking their local councils to go pesticide free in towns and cities'’.

"https://www.rspb.org.uk/get-involved/activities/nature-on-your-doorstep/garden-activities/pests-ditch-
the-chemicals/

i https://www.pan-uk.org/pesticide-free/



Introduction

Pesticides are used extensively across the
world, from farming and forests to nature
reserves, our gardens and urban
greenspaces such as playgrounds and
pavements. They are used to kill insect pests
and unwanted plants and to control or
protect against fungal infestations.

In agriculture there is no doubt that the
emergence of chemical pesticides enabled
an immediate intensification and increase of
food production by tackling pests that would
have seriously affected yield. And they are
an efficient tool for controlling unwanted
plants such as invasive non-native species.

But is their use truly sustainable? Food
production needs a healthy environment

— including pollinators, healthy soils and
clean water. In 1962, Rachel Carson
published her famous book Silent Spring.
She raised the alarm then — 60 years ago —
that pesticide use was damaging our
environment and our wildlife.

In the years since Silent Spring was
published, the way we manage land and
grow food routinely uses high levels of toxic
chemicals in the form of pesticides. Some of
the chemicals Rachel Carson wrote about
such as DDT have now been banned, but
how sure are we that the alternatives being
used today are safe?
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We are living in a biodiversity crisis and there
are multiple threats facing our wildlife,
including habitat loss, pollution, and climate
change.

In 2022, China is hosting the 15th
Convention on Biological Diversity, where
the world will come together to set targets
for the halting and reversing of biodiversity
loss. In England, the Government has
committed to halt further loss of species by
2030 as part of the Environment Act.

In order to meet these targets, we must
look critically at every aspect of our lives,
and see if what we are doing is compatible
with them.

The purpose of this report is to set out
whether our relationship with pesticides is
safe for wildlife and the environment, and
what we can urgently do to limit their harm.

“How could intelligent beings
seek to control a few unwanted
species by a method that
contaminated the entire
environment and brought the
threat of disease and death
even to their own kind.”

Rachel Carson
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How much pesticide
Is used in UK qgrlculture’?

The vast majority of pesticide use in the UK
is in agriculture. Most farms use a wide
variety of different pesticides, most of which
contain more than one active substance (the
chemical within the product that is the active
pesticide). In 2020 (the most recent available
data), the average number of active
substances applied to arable crops in the UK
was 13.5.2

The UK grows about 4,000,000ha (around
5,600,000 football pitches) of arable crops,
but in 2020 the cumulative area treated with
pesticides was around 40,000,000ha
(56,000,000 football pitches) — ten times as
much. Although this is less than the previous
few years, it shows we still treat each ha of
our food with pesticides many times per year.
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Figure 1 Average number of applications made to arable crops in the UK — 2020 (excluding seed treatments)
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Figure 2 Overall treated area of arable crops in the UK 2012-2020
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Increasingly, evidence is mounting for the
impact of pesticide use on wildlife and the
wider environment. In the UK, farmland
biodiversity continues to decline, with bird
populations more than halving since 1970°
and arable wildflowers becoming one of the
most threatened groups of plants in

the UK#

Changes in agricultural practices, including
increased use of pesticides, is likely to have
been the leading cause of this decline®
Insect declines across the world are widely
reported, and of great concern.

A German study suggests biomass of
insects on small nature reserves may have
fallen by 75% or more since the late 1980s°
Pesticide exposure within some of these
reserves has since been directly related to
pesticide use in surrounding farmland’.

An insect “roadmap to recovery” published
in January 2020 by more than 70 scientists,
recommended a number of “no-regret”
solutions including a massive reduction in
chemical pesticide use® Earthworm
abundance (vital for maintaining soil health
and ensuring fertile soils for food production)
is falling and pesticides are known to impact
earthworm reproduction?® Studies have
looked at the impacts of pesticides on insects
that are important for food production,

Pesticides
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including beneficial pest predators (insects
that eat crop pests). Perhaps unsurprisingly,
significantly more beneficial insects were
found in fields without pesticides compared
to fields with pesticides!®™

Unintended negative impacts of pesticides
on wildlife are inevitable, for three key
reasons:

e First, pesticides are rarely specific to their
target pest species or groups.
For example, whilst neonicotinoid
insecticides are designed to target the
insect nervous system, they cannot
distinguish pests from beneficial insects
such as bees' and also pose a risk to
other animals such as birds, fish and
mammals!®14

e Second, pesticides typically persist in the
environment for weeks, months or even
years, and their breakdown products may
also be harmful. One highly toxic
insecticide called lambda-cyhalothrin, for
example, takes 175 days for just half of
the chemical to breakdown in soil'®

¢ Finally, pesticides are rarely contained
within the area where they are applied,
and they can drift or drain away,
contaminating nearby habitats, including
Water.16’17'18



However, there are challenges in
determining the precise nature of the impact
of pesticides on wildlife:

¢ The sheer amount of different chemicals.
At least 150 different active ingredients
were used on British farmland in 2020!°

e The routes by which wildlife is exposed to
these chemicals are often indirect, for
example secondary poisoning of birds of
prey eating contaminated prey.?° Impacts
can also be unexpected such as birds
eating supposedly buried insecticide-
treated seeds?’

¢ Toxic effects on species populations may
be subtle — for example changing
important behaviours rather than directly
killing wildlife. An example is
neonicotinoids affecting the ability of bees
to navigate and find food??

¢ |mpacts of the chemicals may cascade up

food webs, affecting wildlife even without
direct exposure, for example reductions in
the availability of insect food for grey
partridge chicks due to herbicide use?

Very little is understood about the cocktail
effects of exposure to multiple chemicals,
or the cumulative impacts of repeated
exposure to chemicals — even if one dose
isn't lethal to wildlife, there may be a point
at which chemical load is overwhelming.




Reviewing
the evidence
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To make sense of the evidence for the
impact of pesticides on wildlife, the RSPB
reviewed studies on how pesticides affect
non-target species — those animals which
are not the pests targeted by the pesticides
— and discovered something worrying: for
many of the most widely used substances,
very little information is available on their
impacts on wildlife.

Just four substances (glyphosate and three
insecticides) accounted for 70% of hits
returned for literature searches targeted at
the 30 most widely used substances in GB.
Given the large number of pesticides
routinely applied to the UK'’s farmland (at
least 150 active substances in 2020), and
the fact that these studies mostly do not
take into account cumulative or cocktail
effects of multiple substances being used
on the same parcel of land, this
demonstrates a very worrying lack of
research available for the impacts of the vast
majority of chemicals.

Worryingly, several widely used substances
which also appear on the Pesticide Action

| T

H‘

W oo ildlife

Network'’s list of Highly Hazardous
Pesticides?® - those considered to be
especially toxic to either people or the
environment — have very little published
literature on their impacts on wildlife in the
real-world'.

What we do know is that farmland wildlife
has declined dramatically, with populations
of farmland birds having more than halved
on average since 1970, and similar declines
have been seen in many other taxonomic
groups.

The challenges of explicitly linking the two
issues are described above, but we must
take these declines seriously and consider
the weight of evidence that we do have
about impacts of pesticide use.

Despite the worrying lack of research, a
number of studies have demonstrated
population level impacts of pesticides on
wildlife - see Annex 1.

These included studies on grey partridge
decline, neonicotinoids and yellow wagtails
which are outlined on the following pages.

' The fungicides epoxiconazole and cyproconazole, and the herbicide pendimethalin.



Case study 1~

Grey partridge

Grey partridge has declined by 93% since
1970, but had already been declining since
at least 1945. In 1985, an experiment was
undertaken to work out what was happening
to them.

Previous studies had already shown that
chick mortality was a key factor, and that this
was related to the quantity of insects they
had available to eat.

The experiment was designed to test
whether the herbicides and fungicides
used on cereal fields reduce the survival

of grey partridge chicks. The scientists
discovered that the number of chicks in each
brood halved when fields were sprayed
conventionally, compared to fields where a
6m strip around the edge of the field was
left unsprayed.

Although this study looked only at the
breeding success of grey partridge, it is
highly likely that other insect eating farmland
birds could be impacted in the same way.




Case study 2

Neonicotinoids

One group of insecticides that were the
subject of a large number of comprehensive
and up to date reviews were neonicotinoids.
Neonicotinoids (and the chemically similar
insecticide fipronil) are highly toxic to a wide
range of wildlife, and to insects in particular.
Many studies have found serious detrimental
impacts of neonicotinoid exposure on
pollinating insects — another beneficial

type of wildlife — as they eat contaminated
nectar and pollen.?® One experiment
showed that bumblebee colonies exposed
to realistic levels of imidacloprid (a type of
neonicotinoid) had significantly reduced
growth rate and produced 85% fewer
queens compared to control colonies.?®

Despite the challenges of linking the use

of individual chemicals to population-level
impacts, there is now a growing body of
evidence which is highly suggestive of
neonicotinoids causing declines in terrestrial
and aquatic insects.?”4° Because of this,
they are largely banned for agricultural

use in the UK and the EU, but despite the
overwhelming evidence of their risk posed
to wildlife, they continue to be used under
what is known as ‘emergency derogations’
for agriculture, and routinely in UK forestry,
highlighting our worrying dependence and
unwillingness of political leaders to drive the
adoption of safe, non-chemical alternatives.




Case study 3

Insects and
yellow wagtails

A 1999 experiment looked at what
happened to wildlife when leaving 3m or 6m
unsprayed buffer zones around wheat, sugar
beet and potatoes, compared to spraying
right up to the edge.

The scientists found that unsprayed 3m
buffer zones reduced pesticide drift into
nearby water by 95%.

It also increased plant species, increased
insect abundance and diversity, and
increased visits by yellow wagtails
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There is plenty of compelling evidence to
suggest significant negative impacts of
approved pesticide products on wildlife.
However, pesticides, especially in the EU
and the UK, undergo an assessment process
before they are licenced for use. So why
have these assessments failed to prevent
such widespread environmental damage?

The pesticide approvals process has many
glaring omissions in terms of the wildlife
impacts considered. These omissions are
described in more detail below, but this
alarming combination of gaps means that
important detrimental impacts on wildlife
have gone unnoticed at the time the
chemicals are approved for general usage.
Some of these impacts may never be
detected or understood, and even where
impacts are detected there is often a lag
between the evidence coming to light and
any changes to the approval status of a
chemical.

Once a pesticide is restricted or banned, the
response of the agrochemical industry is
usually to develop a new chemical, and the
whole process starts again. We must get off
this treadmill, change our approach, and
focus instead on the precautionary principle
that all chemicals are harmful unless properly
proven otherwise, and we should reduce
their use overall.

Pesticides
and Wildlife
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The way the approvals process works, is
that a company wanting to get a pesticide
active substance approved, submits a draft
assessment report (DAR). This report
contains information including detail about
the toxicity of the product, and some
chemical properties such as how long it
takes to break down, and how soluble it is in
water. This happens at EU level, but since
the UK left the EU, the UK countries must
do this alone. Once the active substance is
approved, the specific product(s) containing
that substance is also submitted for
approval. This process aims to ensure that
the products do not cause “unacceptable
risks to people or the environment”. In
theory, it should ensure that products
causing serious and obvious harm are not
approved for use.

However, there are such significant flaws
with the approvals process that mean that
the impacts of pesticide use at current levels
are not realistically assessed, and these
problems are becoming widely

recognised 293031

Some of the main flaws are:

¢ Testing on pesticide toxicity is mainly
restricted to short-term, lethal effects.
The vast majority of assessments do not
test for any chronic or long-term effects or
sub-lethal effects such as impacting the
behaviour of an animal. Long lasting and
cumulative effects are ignored.

12



e Testing is only conducted on a very
restricted range of ecologically
inappropriate species.

e Very little direct testing takes place under
real-world field conditions. The vast
majority of testing is conducted under
controlled lab conditions. These tests do
not therefore reflect real-world conditions
and do not allow for other pressures
affecting wildlife such as food availability,
disease, climate change and, importantly,
other chemicals.

e Toxicity testing is restricted to a single
active substance and does not consider
potential interactive ‘cocktail effects’ of
exposure to multiple active substances.®?
For example a recent study showed that
exposure to a cocktail of agricultural
chemicals caused a disproportionate
increase in bee mortality.3®

® The non-active substances, known as
co-formulants, included in pesticide
products are not tested — and new
evidence is showing that some of these
“inert” chemicals are as harmful as the
active substances 343536

¢ None of the tests account for indirect
effects on the food chain. The use of
pesticides will kill substantial numbers of
plants and animals within a treated field

Pesticides
and Wildlife

and in the surrounding area, including both
target and non-target species. Removal of
a large component of the food chain can
result in a lack of food for species higher
up food chains, and also a lack of
predators of pest species lower down
food chains 738

The assessment of risk to wildlife through
the correct use of pesticides relies on
both the assessment of toxicity of a
substance, but also an assessment of
how likely the wildlife is to be exposed to
that substance. Given the extremely
limited monitoring after products are
approved, it is unlikely that any exposure
above what was deemed safe would ever
be picked up.

Sometimes toxic pesticides are given
approval for general usage based on
unrealistic assumptions about how the
pesticides will be used. For example,
many seed treatments are authorised
based on the assumption that all
pesticide-coated seeds are buried
beneath the soil at the time of sowing.
However, subsequent studies have
revealed that most users fail to bury all
the seeds leaving them exposed on soil
surfaces where they are consumed by
birds and mammals.?!




Case study 4

Neonicotinoids
and birds

Neonicotinoids were once hailed as an
environmentally-friendly solution because
their application as seed-coatings removed
the need for risky spraying. One of the
reasons behind the belief that these
chemicals are of minimal risk to wildlife, was
the assumption (as per the instructions for
use) that any treated seeds should be buried
so that birds and other wildlife cannot
access them.

Recent studies from the University of York
and RSPB found that neonicotinoid-coated
seeds were left exposed on soil surfaces

on 38 out of the 39 fields checked soon
after sowing, and that 89% of individual
gamebirds and 51% of farmland songbirds
(from 21 different species) contained
neonicotinoid residues in their blood or liver.

The two birds with the highest concentration
found in their blood (a tree sparrow and a
yellowhammer) were behaving as though
intoxicated, so this exposure was clearly
having an impact.?'-°




Calls for reductions in pesticide use often
run up against the argument that the
resulting lower yields may actually cause
more harm to nature by increasing the area
of farmland at the expense of more natural
areas. These are important concerns — but is
it really the case that less pesticides means
lower yields? Numerous studies have looked
at impacts of yield and profit on farms when
pesticide use is reduced.

One particular study in France estimated that
59% of farms could reduce the number of
pesticide applications by an average of 42%
without impacting either productivity

or profitability.*°

More work is needed to understand in what
circumstances farms could make these
kinds of reductions (for example pests cause
different levels of damage in different areas
and in different years), and exactly what they
would need to do as an alternative as this
will be different depending on the

specific farm.

Pesticides
and Wildlife

It is also important to remember that
reducing pesticides takes time — for example
creating habitat for natural pest predators
will not happen overnight.

However, more and more farmers are
choosing to reduce or eliminate pesticide
use, or go organic, and are demonstrating
benefits to their business, and to
biodiversity.

A recent study from the United States
demonstrated that by improving pollinator
conservation, insecticide use could be
reduced by 95% with no change, or even
increases, in crop yield

Another recent American study compared
crop yield and biodiversity on conventional
farms compared with differing types of
nature-friendly farming. They found that
compared to conventional, the areas with
reduced pesticides, boosted butterfly, spider
and pollinator numbers, without a
measurable impact on crop yield.*?

15
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Case study 5

Martin Lines: a nature friendly
farmer’s perspective

Martin is a Cambridgeshire-based arable
farmer. His own farm is 160ha but including
rented land and contracts (including RSPB's
Hope Farm), the total he manages is around
540has344

Martin is passionate about working with
nature across the whole farm to reduce the
need for pesticides, and since 2013, has not
used insecticides on his farm.

“In 2013, my agronomist recommended that
I spray for black bean aphid, but conditions
were too wet and windy for a period of

ten days, after which aphid numbers had
dropped and ladybirds were eating them,

so | decided not to spray and saw no
detrimental impact on my gross margin.

This got me thinking about the pros and
cons of insecticide use, as insecticides were
becoming less beneficial due to resistance
and were taking out the beneficials that were
doing the natural pest control. So | took the
decision to do everything | could to control
pests without insecticides and monitor the
impacts on my vyields and profit margins.”

Martin uses a variety of approaches to
reduce his use of pesticides, including
broadening and varying the range of crops

" e 4 e T e

he grows to ensure no area on the farm has
a damaging build-up of pests or disease. But
one of the most important ways is to create
habitats to enable beneficial wildlife to thrive.
Martin has noticed that crop yields are
5-20% greater next to the wildflower habitat
strips that he has created, which then tails
away further into the field. The strips provide
both pollinators, and natural pest control.

Martin says there were some anxious
moments when he first started, but profit
margins have never suffered: “Prior to 2013,
profit margins had stagnated, but the trend
is now definitely upwards.” Martin says that
overall, on his farm, crop yields are a little
lower, but the yield losses are more than
made up for by the reduction in how much
he spends to produce the food, and his farm
is now more resilient to weather and market
fluctuations.

“There are visibly more
beneficial insects and spiders.
| don't know what they are, but
the ground is alive with them.
There is noticeably more
wildlife overall, especially
the birds.”
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Conclusion 1

Evidence gaps
highlight how much
we don't know about
pesticide safety

Significant negative impacts have been
demonstrated across aquatic and terrestrial
environments, a variety of chemical types
(including insecticides, fungicides and
herbicides) and many different groups of
animals (especially pollinators and other
insects, but other wildlife too including
birds). We identified several widely used
substances on the Pesticide Action
Network's list of Highly Hazardous
Pesticides for which there are no published
evidence reviews on their impacts.

More fundamental gaps relate to real world
exposure of wildlife to pesticides and their
potential impact on populations when
compounded by other chemicals and other
environmental pressures such as habitat
loss, prey shortage and climate change.
However, what we do know, is that some
level of harm from pesticides on wildlife is
inevitable, and given the biodiversity crisis
we face, we must do things differently.

18



Conclusion 2

The Precautionary

Principle

The Precautionary Principle is enshrined in
law, and states that if there is a strong
suspicion that a certain activity may have
environmentally harmful consequences, it is
better to control that activity now rather than
to wait for incontrovertible scientific
evidence?®

Given the evidence we have already, the
challenging and time-consuming nature of
further identifying impacts of pesticides on
wildlife, and the fact that no approvals
process can test every real-world scenario,
we recommend a precautionary approach to
pesticide approvals and use.

This means negative impacts are assumed
unless proven otherwise, and therefore we
must do what we can to limit use. It will also
be important to improve the testing of the
real-world impacts of pesticide use, and not
assume that the current approvals process
guarantees pesticide safety. Testing a wider
range of species and for sub-lethal effects
are particularly important requirements of
any new UK approvals process.

19



Conclusion 3

Urgent research is
needed into non-
chemical alternatives
to pesticide use

The precautionary approach described in
Conclusion 2, provides an imperative for the
research and development of sustainable
alternatives which reduce the negative
impacts of managing pests and diseases.
Some of these solutions will be found in
technology such as robotics, crop breeding
and more efficient machinery to better
target pesticide applications.

However, many of the solutions can be
found in nature and regenerative agricultural
techniques such as creating habitat for
insect pest predators, maintaining healthy
fungal networks in soils, and planting
companion crops.

Supporting a move towards these nature-
based alternatives will support, but also
necessitate, a reduction in pesticide use.

Setting a Government target for pesticide
reduction across the UK would drive
innovation in these areas, and provide
solutions quicker.



Conclusion 4

Farmers must
be supported to
change the way
we grow food

Clearly, we cannot expect all farmers or land
managers to cut out or dramatically reduce
chemical pesticides overnight; many are tied
into a system which is dependent on
chemical use.

However, with the right support and advice,
changes can be made that will reduce
reliance on pesticides over time and maintain
profitable businesses and healthy yields.
These include better support for an
Integrated Pest Management (IPM)
approach — where pesticides are used only
as a last resort.

This can include better monitoring of pests
and diseases, more diversity in terms of
which crops to grow and where, and
creating habitats for nature to act as natural
pest control.

The post-Brexit development of farming
schemes across the UK, provides a good
opportunity to support farmers to take these
actions, and provide advice and peer to peer
learning opportunities.
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Conclusion 5

Nature
as an ally

We must recognise the important role that
healthy thriving ecosystems can play in
supporting sustainable farming. Pest
predators, pollinators and wildlife in the soil
can all help to grow food and sustain long-
term vyields, while continued reliance on
pesticides threatens long term sustainable
food production and a healthy environment.

We must move away from our current
situation, which focuses on an ever-
increasing reliance on chemicals to one
which strikes a better balance with nature.
We, and nature, depend on it.
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Annex 1

Selected primary studies

provide evidence for population-level impacts of

pesticides on non-target organisms.

Pesticide
type

Non-target
organism

Context

Location

Study
type

Description

Reference

Pesticides

Invertebrates

Aquatic

Europe &
Australia

Correlational
(space)

Streams with high contamination levels
(Daphnia magna "toxic units’) had lower
invertebrate species/family richness. Family
richness reduced by 29% between lowest and
highest contamination categories.

Beketov
et al. 20134¢

Pesticides

Invertebrates

Terrestrial

Sussex,
England

Correlational
(time)

Long-term (42 years) abundance of Araneae
(spiders), Delphacidae (planthoppers), Braconidae
(parasitoid wasps), Carabidae (ground beetles),
Lathridiidae (fungus bee-tles) and Cryptophagidae
(silken fungus beetles) show significant negative
associations with pesticide use (spray area of
herbicides, fungicides and insecticides).

Ewald
etal. 20154

Imidacloprid

Insectivorous
birds

Terrestrial

Netherlands

Correlational
(space)

Significant negative association between
spatial variation in imidacloprid exposure and
bird population trends (skylark, barn swallow,
yellow wagtail, starling, common whitethroat
and mistle thrush).

Hallmann
et al. 201448

Pesticides

Insects,
plants

Terrestrial

Haarlemmermeer,
Netherlands

Field
experiment

Unsprayed 3m buffer zones in which pesticide
use is avoided reduced spray drift into ditches
by 95%, increased plant species richness and
cover, increased insect abundance and diversity,
and increased visits by yellow wagtails. The
effect on soil surface invertebrates was minor.

de Snoo
199928

Pesticides
(primarily
herbicides)

Grey
partridge

Terrestrial

Hampshire,
England

Field
experiment

Unsprayed headlands increase insect
abundance (Heteroptera (bugs) in particular, but
also Curculionidae (weevils) and Chrysomelidae
(leaf beetles)), resulting in larger grey partridge
broods (more than double).

Rands
1985%

Imidacloprid

Bombus
terrestris

Terrestrial

Stirling,
Scotland

Semi-field
experiment

Bumble bee colonies exposed to field-realistic
levels of imidacloprid and developing under
field conditions had significantly reduced
growth rate and produced 85% fewer queens
compared to control colonies.

Whitehorn
etal. 2012%

Neonicotinoid Wild bees

Terrestrial

England

Correlational
(space/time)

18 years of national distribution data for 62
species of wild bee reveals evidence of an
association between local extinction and
neonicotinoid exposure, especially for species
known to forage on oilseed rape.

Woodcock
etal. 2016%°

Rodenticide

Red fox

Terrestrial

Doubs,
France

Correlational
(space)

Fox density was significantly negatively
correlated at the commune level with
bromadiolone treatment intensity in the
preceding one and two years.

Jacquot
etal. 2013%

DDT

Sparrowhawk Terrestrial

Dumfriesshire,
Scotland

Correlation

131 eggs collected 1971-73 contained
organochlorine residues (mainly DDE, a
metabolite of DDT), and had thinner shells then
eggs collected from the same area 1900-45
(prior to the introduction of DDT). Eggshell
thickness was negatively correlated with DDE
residue, and total organochlorine residue was
higher in failed clutches than successful ones.

Newton
19745
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Annex 2

Methodology

1.1 Literature search

All searches were conducted between 18th October 2019 and 3rd March 2020 using Web of Science. A preliminary search using
the terms: TOPIC = (pesticid* OR herbicid* OR insecticid* OR fungicid* OR rodenticid* OR molluscicid*) AND (non-target OR
non*target OR biodiversity OR wildlife OR organism) AND (impact OR toxic* OR *lethal* OR exposure OR abundance OR diversity
OR richness) returned 11,053 results. A comprehensive review of this primary literature is beyond the means of the current project.
We therefore restricted our search to reviews and meta-analyses.

Searches using the terms TOPIC = (pesticide* AND non-target AND impact) AND DOCUMENT TYPES = (Review) and TOPIC =
(pesticide* AND impact) AND TITLE = (meta-analysis) returned just 17 potentially relevant studies. We therefore broadened our
search to TOPIC = X AND (non*target OR non-target OR wildlife OR organism) AND (impact OR toxic* OR *lethal* OR exposure
OR abundance OR diversity OR richness) AND (review OR meta*analysis OR meta-analysis), where X = pesticid*, insecticid*,
herbicid*, molluscicid*, fungicid*, rodenticid*, neonic*, pyrethroid*, or the names of each of the 30 most widely used active
ingredients in Great Britain (ranked by area treated in 2016, according to the Pesticide Usage Survey?). We also used the terms:
TOPIC = X AND (meta-analysis OR meta*analysis) AND (field OR experiment OR study OR test OR trial) AND (abundance OR
richness OR diversity).

Combined, these searches returned 166 unique publications which, based on the abstract, were potentially relevant. We discarded
55 publications which on closer inspection were not relevant (e.g. not syntheses of existing data; related to intentional poisoning of
wildlife; focused on contaminants other than pesticides), and 24 which were deemed not to be of sufficient use to warrant
additional effort. We found an additional 6 reviews cited within the 166 original publications. In total, 87 relevant reviews, syntheses
or meta-analyses were reviewed.

1.2 Extracting information from reviews and meta-analyses
For each of the 87 relevant publications, we extracted the following information:
* Scope: environmental context, focal pesticide(s), focal non-target organism(s), focal exposure route(s)

e Exposure: whether measured exposure concentrations were reported in the environment (e.g. surface water, soil, pollen) or in
non-target organisms

¢ Acute lethal toxicity: whether concentrations at which acute lethal effects occur were reported (or whether direct
observations of acute poisoning were reviewed); number of studies; type of studies (controlled environment, field)

e Chronic toxicity (including sub-lethal effects and chronic mortality): whether concentrations at which chronic lethal and
sub-lethal effects occur were reported (or whether direct observations of sub-lethal poisoning were reviewed); number of
studies; type of studies (controlled environment, field)

e Other effects: summary of evidence for indirect trophic effects and population-level impacts

In all cases, this involved accessing the full text (rather the abstract alone), with particular attention paid to methods, results, tables,
and figures.

1.3 Article and review hits for 30 widely used substances

For the 30 active substances which are most widely used in Great Britain (as described above) we conducted a separate search to
estimate the quantity of evidence relating to their impacts on non-target species. For each substance, we used the search terms:
TOPIC = X AND (non*target OR non-target OR biodiversity OR wildlife OR organism) AND (impact OR toxic* OR *lethal* OR
exposure OR abundance OR diversity OR richness) AND DOCUMENT TYPE = (Y), where X is the name of each substance and Y is
either a review or an article. We counted the number of article and review hits for each substance and used the Pesticide Action
Network's list of Highly Hazardous Pesticides?® to identify which of these 30 substances were particularly hazardous. We did not
screen titles or abstracts to assess the relevance of each publication, so these rapid estimates represent an upper limit on the
quantity of evidence.

2 Pesticide Usage Survey stats: https://secure.fera.defra.gov.uk/pusstats/index.cfm accessed November 2019

3 PAN Highly Hazardous Pesticides list: https://www.pan-uk.org/resources/#highly_hazardous_pesticides
March 2019 edition
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