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Abstract

Despite substantial contrary evidence, there has been a growing tendency to present prescribed vegetation burning as a manage-
ment practice that is always damaging to peatland ecosystems in the UK. This is exemplified by the “Burning and Peatlands”
position statement published by the International Union for Conservation of Nature UK Peatland Programme. Indeed, while we
strongly agree with several of the statements made within this position statement, it also contains a series of unverified assertions
and misleading arguments that seemingly serve to simplify the narrative and paint prescribed burning as a wholly damaging
peatland management tool. Given that this position statement is published by one of the UK’s most prominent peatland
conservation organisations, it is likely to be consulted when debating upland land use policy. Therefore, for the benefit of
policymakers, we provide a point-by-point critical review of the “Burning and Peatlands” position statement. We also discuss
several further points for researchers and policymakers to consider that are consistently ignored by those attempting to simplify
the narrative about prescribed burning. Our aim in producing this discussion paper is to encourage the research and policy

community to move towards an evidence-based position about prescribed burning impacts on UK peatlands.

Keywords Blanket bog - Evidence-based policy - Fire ecology - Peatlands - Prescribed burning - Upland land management

Introduction

In 2016, Davies et al. (2016b) published a seminal paper calling
for an informed and unbiased debate about the impacts of pre-
scribed vegetation burning on upland ecosystems in the UK
(i.e. on heather Calluna vulgaris L. dominated areas). They
made this plea because, despite a substantial amount of contrary
evidence, there was a growing tendency to present prescribed
burning as “an ecological practice that is only ever damaging
and responsible for the poor ecological condition of many
heathland and peatland ecosystems” (Davies et al. 2016b).
Since 2016, the number of studies investigating prescribed
burning impacts on UK peatlands has increased. And, as with
the evidence presented by Davies et al. (2016b), these new
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studies suggest that prescribed burning has a variety of impacts
(positive, negative or neutral) across a range of peatland eco-
system services (McCarroll et al. 2016a; McCarroll et al.
2016b; Buchanan et al. 2017; Chambers et al. 2017; Douglas
et al. 2017; Grau-Andrés et al. 2017; Ludwig et al. 2017,
McCarroll et al. 2017; Noble et al. 2017; Robertson et al.
2017; Grau-Andrés et al. 2018; Ludwig et al. 2018; Milligan
et al. 2018; Noble et al. 2018a; Noble et al. 2018b; Whitehead
and Baines 2018; Grau-Andrés et al. 2019a; Grau-Andrés et al.
2019b; Heinemeyer et al. 2019c; Littlewood et al. 2019; Marrs
et al. 2019a; Noble et al. 2019a; Noble et al. 2019b). A conclu-
sion that was also drawn by a more recent review of burning
impacts by Harper et al. (2018). At the same time, a debate has
ignited about the quantity and reliability of certain studies with-
in the prescribed burning evidence base (Ashby and
Heinemeyer 2019; Brown and Holden 2020).

Given these recent developments, one would expect that
peatland researchers and conservation organisations would
have begun to heed Davies et al.’s cogent plea (Davies et al.
2016b). But, alas, this is not the case: there have been a series
of recent publications implying that prescribed burning only
ever leads to negative impacts on peatland ecosystems in the
UK (Thompson et al. 2016; Baird et al. 2019; Natural England
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2019; Wild Justice 2019; ITUCN 2020). One such publication
is the “Burning and Peatlands™ position statement by the
International Union for Conservation of Nature UK Peatland
Programme (IUCN UK PP) (IUCN 2020). We strongly agree
with several of the statements made within this document,
especially those within the “Areas for further consideration
and research” section (IUCN 2020). Nevertheless, the docu-
ment contains a series of unverified assertions, scientific inac-
curacies and misleading arguments that seemingly serve to
simplify the narrative and paint prescribed burning as a
peatland management tool that is damaging in every context
(TIUCN 2020). In contrast, alternative peatland management
tools such as rewetting (e.g. by ditch or gulley blocking), are
assumed to only ever have positive impacts (IUCN 2020). The
document is also ill-defined in that it uses an overly broad title
(e.g. “Burning and Peatlands’) which belies the narrow focus
of the document (e.g. prescribed vegetation burning within
UK blanket bog habitat).

The lack of balance and scientific accuracy within the
“Burning and Peatlands” position statement may reflect the
fact that it has not been subject to peer-review by the wider
research community. However, given that this document is
published by one of the UK’s most prominent peatland con-
servation organisations, it is very likely to be used to inform
upland land use policy. Therefore, the document must stand
up to academic scrutiny. To this end, we herein present a
point-by-point critical review of the IUCN UK PP “Burning
and Peatlands” document (IUCN 2020). We also highlight
several additional points for researchers and policymakers to
consider that are consistently ignored by those attempting to
simplify the narrative about burning impacts (e.g. NGOs, en-
vironmentalists, journalists). We are neither pro nor anti burn-
ing; our aim in producing this discussion paper is to reiterate
the plea of Davies et al. (2016b) and encourage the research
and policy community to move towards an unbiased and
evidence-based position about prescribed burning within UK
peatlands. While this paper focuses on the burning and
peatlands debate in the UK, the debate is of international sig-
nificance because the themes and arguments within will be
familiar to wetland ecologists and managers in other parts of
the world.

A Point-by-Point Critical Review of the IUCN
“Burning and Peatlands” Document

Below, we have separated each statement within the I[UCN
UK PP “Burning and Peatlands” document into individual
boxes (IUCN 2020). Underneath each box, we describe where
we agree and where we disagree with what the [IUCN UK PP
have written. It is worth noting that prescribed burning on UK
peatlands is predominantly, if not exclusively, carried out
within blanket bog habitats as part of grouse moor
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management. As international readers may be unfamiliar with
blanket bog habitat and grouse moor management, these are
described in the ‘Definitions’ box below.

Position Statement 1: “There is a consensus within the literature that
burning is, or has the potential to be, damaging to peatlands. It is
well-established that burning can degrade bog habitats, leading to re-
ductions or loss of key bog species (plants and animals), development
of micro-erosion networks, increased tussock formation and increased
dominance of non-peat forming vegetation such as heathland species
(e.g. heather Calluna vulgaris and the moss Hypnum jutlandicum).”

There is no such consensus within the literature that pre-
scribed burning “is” damaging to peatlands. Several recent
reviews and commentary papers demonstrate that the overall
effect of burning on peatlands is unclear due to insufficient,
contradictory or unreliable evidence (Davies et al. 2016b;
Harper et al. 2018; Ashby and Heinemeyer 2019).
Nevertheless, we do agree that, like any other disturbance-
based land management interventions (e.g. grazing, mowing,
hedge laying, coppicing), burning has “the potential to be”
damaging, but only when applied in the wrong spatial, tem-
poral or environmental context. For example, when used on
the correct scale, in the right location (i.e. flat areas away from
bare peat and watercourses) and during the right environmen-
tal conditions (i.e. ‘cool burns’ that are carried out on flat areas
between October 1st and April the 15th, when the peat and
moss layers have a high moisture content), prescribed burning
leads to, at worst, only very minimal, small-scale and short-
term damage to the moss and litter layers within UK peatlands
(Davies et al. 2010b; Lee et al. 2013a; Kettridge et al. 2015;
Taylor 2015; Grau-Andrés et al. 2017; Grau-Andrés et al.
2018; Milligan et al. 2018; Noble et al. 2018a; Grau-Andrés
et al. 2019a; Grau-Andrés et al. 2019b; Heinemeyer et al.
2019c; Marrs et al. 2019a). Such negligible and transient dam-
age should be judged against the longer-term impacts (posi-
tive, negative or neutral) of prescribed burning. Yet, this is not
the case, and we assert that the negative view of prescribed
burning largely comes from using short-term results (<
3 years) to infer long-term impacts over the full 15 to >25-
year burning rotation (e.g. Turner and Swindles 2012;
Ramchunder et al. 2013; Brown et al. 2015; Holden et al.
2014; Holden et al. 2015; Johnston and Robson 2015; Grau-
Andrés et al. 2019b; Noble et al. 2019a; Noble et al. 2019b).

We also disagree that it is “well established” that burning
leads to “reductions or loss of key bog species (plants and
animals)” and the “increased dominance of non-peat forming
vegetation”. Notwithstanding the obvious short-term ‘distur-
bance’ impacts, much of the available evidence suggests that,
over longer timescales, burnt areas of blanket bog can support
similar levels of Sphagnum and Eriophorum spp. (purported
‘peat-forming’ plant species) to comparable unburnt or not
recently burnt areas (e.g. Lee et al. 2013a; Milligan et al.
2018; Noble et al. 2018a; Noble et al. 2018b; Whitehead
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and Baines 2018; Grau-Andrés et al. 2019a). Admittedly, the
Sphagnum data we have is largely for the most abundant spe-
cies, S. capillifolium (e.g. Lee et al. 2013a; Milligan et al.
2018; Noble et al. 2018a; Noble et al. 2018b; Whitehead
and Baines 2018; Grau-Andrés et al. 2019a). Nevertheless, if
Sphagnum species as a group are indeed key ‘peat-forming’
species, then, from a peatland functioning perspective (with
peat formation being a key peatland function), does it matter
which individual Sphagnum species are present? If so, then
the evidence for this claim should be cited within the docu-
ment. Although, we doubt this evidence currently exists as we
are unaware of any robust experimental study investigating
the peat-forming capabilities of individual Sphagnum species.

Most of the studies investigating burning impacts on
peatland fauna have focussed on birds and invertebrates (ter-
restrial and aquatic) (Glaves et al. 2013; Davies et al. 2016b;
Thompson et al. 2016; Sotherton et al. 2017; Harper et al.
2018). Unsurprisingly, prescribed burning seems to benefit
some taxa and harm others (Glaves et al. 2013; Davies et al.
2016b; Harper et al. 2018). Thus, the decision to use pre-
scribed burning will depend on the taxa the land manager is
trying to promote. More importantly, we lack data about the
impacts of prescribed burning on mammals, reptiles, or am-
phibians that inhabit peatland ecosystems in the UK (Harper
et al. 2018).

To claim that burning management (relative to no manage-
ment) increases the abundance of ‘non-peat-forming’ species,
such as C. vulgaris and Hypnum jutlandicum, contradicts
most of the evidence base (Lee et al. 2013a; Alday et al.
2015; Milligan et al. 2018; Whitehead and Baines 2018;
Grau-Andrés et al. 2019a; Heinemeyer et al. 2019c¢).
However, we do accept that there are likely to be anecdotal
cases or sites which have a long history of inappropriate burn-
ing (frequent high-severity burns), notably often alongside
deep drainage, which have led to conditions favouring a grad-
ual shift towards Calluna and pleurocarp mosses. Any general
vegetation assessment needs to take account of site-specific
conditions and different management combinations over a
sufficiently long timescale (e.g. at least one burning rotation).

Our greatest concern with this statement is that the ‘peat-
forming’ label is not supported by robust experimental evi-
dence (i.e. evidence that enables us to ascribe causality).
Instead, the ‘peat-forming’ label seems to be based on circum-
stantial evidence, such as greater quantities of Sphagnum frag-
ments being found within peat cores during periods of rapid
peat growth (Shepherd et al. 2013; Gillingham et al. 2016).
But is this cause or effect? In other words, were these periods
of rapid peat growth due to a greater abundance of Sphagnum
or did periods of rapid peat accumulation coincide with con-
ditions favourable to Sphagnum growth (e.g. very wet and
acidic)? Contemporary evidence suggests that the relationship
between Sphagnum abundance and peat (carbon) accumula-
tion is unclear (Garnett et al. 2000; Marrs et al. 2019a; Piilo

et al. 2019), and there are multiple UK based paleoecology
studies in which core sections encompassing periods of rapid
peat growth are dominated by non-Sphagnum plant fragments
(Fyfe et al. 2003; Fyfe and Woodbridge 2012; Shepherd et al.
2013; Gillingham et al. 2016; McCarroll et al. 2017; Fyfe et al.
2018). Outside the UK, peatlands within Indonesia, the
Amazon Basin and the Everglades (about a third of the
world’s peat stores) do not contain Sphagnum species
(Bacon et al. 2017; Hodgkins et al. 2018). And, the suggestion
that shrubs are ‘non-peat-forming’ is, for example, not sup-
ported by North American observations (e.g. Rollins et al.
1993).

Thus, it seems that any plant species (including C. vulgaris)
can form peat in the right conditions (Shepherd et al. 2013;
Gillingham et al. 2016). Indeed, from a scientific perspective,
it is the hydrological (high water table) and environmental
(e.g. low pH) conditions that determine whether peat forms,
regardless of species composition (Gillingham et al. 2016).
Nevertheless, by retaining water, reducing soil pH and/or al-
tering peat chemistry, Sphagnum spp. may enhance or facili-
tate such peat-forming conditions where they are otherwise
limiting (Clymo et al. 1984; Gorham 1957; van Breemen
1995; Bacon et al. 2017). Furthermore, by leaching phenolic
compounds, woody species may inhibit peat decomposition as
shown during dry periods (Fenner and Freeman 2020).

Lastly, as far as we are aware, the evidence documenting
the relationship between prescribed burning and the “develop-
ment of micro-erosion networks” and “increased tussock
Sformation” within peatlands is scant. This process has only
been investigated within one 0.54 ha area that is part of a
larger experiment located within a wet and high-altitude site
in the North Pennines, UK (e.g. the Hard Hill experiment)
(Clutterbuck et al. 2020). Therefore, the claim that burning
leads to the development of micro-erosion networks and tus-
sock formation is highly speculative.

Position Statement 2: “The impacts of fire on bog habitat, and
particularly the main peat forming Sphagnum species’ ability to
recover, depends on the frequency and intensity of the burn along with
other factors such as prevailing soil water levels, intensity of livestock
trampling, climate, altitude and the starting condition of the peatland.”

Again, there is no robust causal evidence about the specific
and relative peat-forming capabilities of different peatland
plant species. Thus, we have no idea whether Sphagnum is
the main peat-forming species, nor do we know the different
peat-forming capacities of individual Sphagnum species.
What we do know is that peat formation is context and site-
specific, and is primarily driven by the environmental and
edaphic conditions, which can be supported or enhanced by
Sphagnum species (via moisture retention, pH reduction; litter
quality) (Shepherd et al. 2013; Gillingham et al. 2016; Bacon
etal. 2017).
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Conversely, we agree that burning impacts on Sphagnum
are dependent on the “frequency and intensity of the burn” and
the “prevailing soil water levels”. For example, there is a
negative relationship between site wetness (soil and vegeta-
tion moisture) and damage to the moss, litter and peat layers
within blanket bog habitat (Taylor 2015; Grau-Andrés et al.
2017; Grau-Andrés et al. 2018; Grau-Andrés et al. 2019a).

Position Statement 3: “Rotational burning on peatland leads to drier
vegetation communities (wet heath and dry heath communities) or a
shift towards their dominance (e.g. of Molinia) (Bruneau & Johnson,
2014). This is associated with changes to the ecosystem (e.g. increased
erosion rates and reduced availability of soil moisture) that can result in
significant adverse impact on peatland biodiversity, carbon emissions,
drinking water quality and flood management (Brown et al. 2014).”

Position Statement 3 fails to consider the wider evidence
base. The current evidence suggests that, compared to unburnt
or not recently burnt areas, burnt areas of upland peatland can
support a similar abundance of wetland plants, such as
Sphagnum and Eriophorum spp.; and a lower abundance of
plants indicative of drier conditions (e.g. C. vulgaris), at least
in the short-term (Lee et al. 2013a; Milligan et al. 2018; Noble
et al. 2018a; Noble et al. 2018b; Whitehead and Baines 2018;
Grau-Andrés et al. 2019a; Heinemeyer et al. 2019c).

We are also unaware of any study which shows that pre-
scribed burning leads to a peatland dominated by Molinia
caerulea. Much hotter and more severe wildfires that burn
into the peat can increase M. caerulea on wet heath and acid
grassland, but this should not be confused with the impacts of
prescribed burning on deep peat (as it has been in some
documents, e.g. Tucker 2003). In reality, the complete range
of impacts caused by burning to peatland ecosystem services
remains unclear due to insufficient, contradictory or unreliable
evidence (Davies et al. 2016b; Harper et al. 2018; Ashby and
Heinemeyer 2019). We would also argue that the EMBER
report and associated peer-reviewed studies are unreliable in
their current form (Brown et al. 2013; Brown et al. 2014,
Brown et al. 2015; Holden et al. 2014; Holden et al. 2015);
since they have serious methodological flaws that have yet to
be addressed (e.g. the failure to control for pseudoreplication
or the confounding of study site and corresponding differ-
ences in environmental conditions with burnt and unburnt
treatments) (Ashby and Heinemeyer 2019; Brown and
Holden 2020). Therefore, until this issue is resolved, the
EMBER report studies should not be cited to support the claim
that burning has a “significant adverse impact on peatland
biodiversity, carbon emissions, drinking water quality and
flood management” and a much wider evidence base needs
to be considered.

Finally, any assessment of burning impacts on carbon
emissions must also consider methane fluxes, especially given
the recent evidence that suggests low-severity fires may

@ Springer

suppress peatland methane emissions (Davidson et al. 2019;
Gray et al. 2020).

Position Statement 4: “The majority of UK peatlands are in a degraded
state as a result of various factors including drainage, burning,
atmospheric pollution and high livestock numbers (JNCC 2011; Artz
etal. 2019).”

Position Statement 4 on habitat status lacks nuance because
it combines peatlands that are ‘unfavourable-recovering” with
those that are just “‘unfavourable’. Using blanket bogs within
UK Special Areas of Conservation (SAC) as an example,
45%, 14% and 39% are in ‘Favourable’, ‘Unfavourable-re-
covering’ and ‘Unfavourable’ condition, respectively (2% of
this habitat has been destroyed) (JNCC 2006). Therefore, the
majority of blanket bogs in SACs (59%) are on a positive
ecological trajectory (i.e. bogs that are ‘Favourable’ or
‘Unfavourable-recovering’) (JNCC 2006). In fact, the major-
ity of all peatland types (e.g. lowland fens and marshes, up-
land fens and marshes, lowland raised bogs) are on a positive
ecological trajectory (JNCC 2006).

Perhaps more importantly, the criteria used to assess
peatland condition is made up of arbitrary pass-fail criteria
that do not measure important ecosystem parameters and func-
tions, such as water table depth (WTD) and peat accumulation
(JNCC 2009). Thus, in reality, we have no idea about how
much of the UK peatland resource is “degraded”. It could be
that some bogs currently classed as unfavourable (i.e. degrad-
ed) are actually in good ecological condition (and vice versa),
that is, they have water tables at or near the bog surface and are
actively accumulating peat. Finally, this Position Statement 4
includes drainage alongside burning, which are often con-
fused (e.g. Young et al. 2019) or overlooked within the evi-
dence base (i.e. natural and artificial drainage is often an
overlooked confounding factor in peatland burning studies).
It is very clear that deep drainage has negative impacts on key
peatland functions such as C storage (e.g. Young et al. 2019).
But when commenting specifically on burning, we must con-
sider this management intervention in isolation, especially as
many remaining drainage ditches are actively blocked or have
naturally infilled over time.

Position Statement 4a: “Compared to intact peatlands, degraded
peatlands generally show: a higher proportion of dwarf shrub and
graminoid (grasses and sedges) abundance; reduced Sphagnum bog
moss abundance and diversity of typical bog species; vegetation
structural changes such as loss of bog moss hummocks and pools;
greater development of tussock and micro-erosion microtopography;
denser, more degraded surface peat; a lower water table”

Apart from WTD, the points provided as indicative of a
degraded peatland are not direct measurements of peatland
degradation. Nevertheless, they may serve as proxies of
peatland state, but we need experimental evidence to confirm
and define this. To determine whether a peatland is degraded,
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we need robust empirical measurements of peat accumulation,
WTD and other important ecosystem services, such as water
quality and in relation to favourable or “intact” status. If such
measurements (or their evidence-based proxies) indicate that a
peatland has a low water table, is losing (rather than accumu-
lating) peat and has low levels of relevant ecosystem service
provision, then it should be classed as functionally degraded.
However, conflicting outcomes should be expected for differ-
ent ecosystem services under different land management sce-
narios (e.g. Bennett et al. 2009; Power 2010). For example,
should one expect a permanently saturated peatland (i.e. a
peatland with a water table at or above the peat surface) to
have a high catchment flood mitigation potential or to be a
net greenhouse gas (GHG) sink (e.g. wetter peatland sites
have higher methane emissions, see Abdalla et al. 2016)?

Position Statement 5: “One of the sources of confusion around the
impact of management activity on peatland is the misunderstanding as
to what constitutes degraded and favourable condition, and failure to
assess management trajectories. This is also reflected in some
academic studies, which have inconsistent approaches to describing
peatland vegetation, the state of peatland or the management objectives
for the peatland. Indeed, many published journal papers do not
adequately describe, or take account of, the type or current condition of
the peatland under investigation.”

It is our view that the confusion surrounding degraded and
favourable condition is due to the fact they are not objective
and evidence-based criteria (JNCC 2009). Rather, they are
arbitrary criteria centred around ‘typical’ vegetation commu-
nities (see, for example, the criticisms in Davies et al. 2016b).
If the most important aspect of a peatland is the peat itself,
then a simple and objective definition of favourable condition
could be whether a peatland is accumulating (rather than los-
ing) peat. However, such a definition requires accurate peat
accumulation data to be collected from across the peatland site
being designated, which may be cost and time prohibitive.

An alternative approach would be to conduct robust exper-
imental research at a broad range of representative sites as part
of a national assessment and/or to use the same sites to vali-
date proxies or tests of positive peat accumulation that can be
rapidly assessed in the field. Such an assessment becomes
increasingly complicated when other confounding manage-
ment (e.g. drainage or grazing), site conditions (e.g. topogra-
phy; climate) and additional ecosystem services are included
(e.g. net GHG emissions; water quality; biodiversity). To our
knowledge, such a detailed assessment is yet to be done.

Given the subjective and unscientific nature of the current
peatland condition criteria and the lack of criteria in relation to
burning, we also question why it is relevant if a study ade-
quately describes or takes account of the “current condition of
the peatland under investigation”. What we need to know is
how burning effects peatland functions relative to site-specific
baseline conditions and independently of other impacts such

as (deep) drainage, (over) grazing and atmospheric pollution.
Such studies must also adequately control for environmental
and ecological differences between treatment plots and study
sites (Ashby and Heinemeyer 2019).

Position Statement 6: “The majority of peatland restoration projects
across the UK are able to achieve relatively rapid development of
vegetation communities typical of blanket bog (within ¢.5-10 years)
through hydrological restoration. Re-wetting a peatland tends to be
sufficient that any undesirable vegetation, such as dominant heather
cover, dies back naturally to be replaced by Sphagnum-dominated
conditions associated with healthy peatbog habitat (Cris et al. 2011).
Effective restoration of peatlands has been widely achieved across
Scotland without the need for burning; for example, there are over 200
Peatland Action restoration sites in Scotland that are delivering good
practice restoration and have not required burning as part of this pro-
cess.”

The TUCN UK PP “Burning and Peatlands” position state-
ment (IUCN 2020) assumes that peatland rewetting leads to a
net positive impact, which is exemplified by Position
Statement 6. We question this assumption. For example,
rewetting, usually by ditch blocking, aims to saturate peatland
soils by raising the water table so that it is at or very near the
soil surface. We are not disputing that this process enhances
carbon storage and peat accumulation (Leifeld and Menichetti
2018). However, when rain falls on a saturated peatland, the
rainwater will either pond and partially drain on flat areas or,
on slopes, flow to lower ground under the force of gravity
across the peat surface (Holden and Burt 2003; Acreman
and Holden 2013). The latter process is called saturated over-
land flow, and it can increase the volume and possibly the
speed of surface water running downhill into river catchments
(e.g. Holden and Burt 2003). By increasing surface roughness,
surface vegetation (e.g. Sphagnum spp.) may help to reduce
the speed of saturated overland flow (Holden et al. 2008). But
the extent to which it does is likely to decline as the vegetation
itself becomes saturated. Thus, a rewetted and saturated up-
land peatland could potentially exacerbate (rather than miti-
gate) downstream flooding (Acreman and Holden 2013) and
lead to negative impacts on local communities. If so, then
peatland rewetting that leads to complete soil saturation may
not be the best land management strategy to employ within
flood-prone and generally very wet catchments, especially
given the projected increases in rainfall intensity across the
UK (Kendon et al. 2019; Met Office 2019). We urgently need
robust catchment-scale experiments to ascertain the flood mit-
igation potential of peatlands in different hydrological and
vegetative states.

Peatland rewetting may also have a negative impact on
climate change mitigation because peatlands with high water
tables also emit large amounts of methane, particularly if com-
bined with increasing temperatures (Abdalla et al. 2016), with
methane having a much greater warming potential (GWP)
than carbon dioxide. Thus, if the GHG benefit of carbon
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captured and stored by rewetted peatlands is less than the net
GHG emission contribution of the methane emitted, then such
a peatland will be a net source of GHGs. In fact, this issue has
been highlighted by both short-term and long-term assess-
ments of peatland methane emissions (Cooper et al. 2014;
Vanselow-Algan et al. 2015), but we desperately need more
data about the GWP and net GHG budget impacts of peatland
rewetting. Moreover, the assessment of GWPs is highly de-
pendent on the time frame and the methodology used; notably,
the commonly used GWP over 100 years fails to represent
continuous ecosystem emissions and adequate time frames
for methane, with actual GWPs for sustained emission being
higher (e.g. Neubauer and Megonigal 2015; Balcombe et al.
2018). We should stress that the potential for rewetting to lead
to negative impacts on peatland ecosystem services does not
mean traditional peatland drainage (e.g. gripping) is the solu-
tion (e.g. Holden et al. 2006). Nor are we against the restora-
tion of functionally degraded peatlands. However, we should
not assume that rewetting has only positive effects on peatland
ecosystem services — this is rarely the case with any land
management intervention. Alongside deciding where, when
and why to rewet, we should ideally also consider how the
impacts of rewetting may vary according to future climate
scenarios, such as warmer summers, and warmer and wetter
winters (Kendon et al. 2019; Met Office 2019). To prevent
excessive methane emissions, it could be that we have to fa-
cilitate lower water tables by a few (but for the net GHG
balance potentially crucial) centimeters to maintain a thin aer-
obic layer favourable to methanotrophs (Roslev and King
1996).

We question two further assumptions outlined in Statement
6. Firstly, the assumption that a peatland dominated by
C. vulgaris is undesirable and that “Sphagnum-dominated
conditions” are “associated with healthy peatbog habitat”.
As we have pointed out, there is no robust causal evidence
for an association between peatland vegetation type and peat
accumulation (i.e. ecological function): it is the hydrological
(high water table), environmental (low pH) and climatic (low-
er temperatures) conditions that determine peat accumulation
rates, and not vegetation composition (Gillingham et al.
2016). Therefore, in terms of key peatland functions (e.g. peat
accumulation), peatlands should not be classed as ‘undesir-
able’ because they fail to pass the arbitrary vegetation compo-
sition criteria outlined within the peatland condition assess-
ment (JNCC 2009). Secondly, we question the assumption
that rewetting reduces C. vulgaris dominance. As far as we
are aware, there is no empirical evidence to support this claim.
In fact, wet and undrained sites can remain dominated by
C. vulgaris even after 90+ years post-management (Lee
et al. 2013a; Alday et al. 2015). Peatlands dominated by
C. vulgaris may also support considerable amounts of
Sphagnum in the below-canopy layer (e.g. Heinemeyer et al.
2019c). Given the lack of evidence, we find it strange that the
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TUCN document provides a supportive citation for this claim
(e.g. Crisetal. 2011). Yet, on closer inspection, the supporting
citation (Cris et al. 2011) seems only to contain an
unreferenced statement about rewetting reducing C. vulgaris
dominance.

Position Statement 7: “Burning has been advocated by some land
managers as a tool in peatland restoration to remove rank, leggy
heather (Calluna vulgaris) (Uplands Management Group 2017).
Burning carries a risk of causing more serious damage, further degra-
dation and compromising the onset of peatland recovery. The sub-
stantial plant biomass load and the often dry nature of the underlying
peat beneath the heather, are susceptible to uncontrolled or “hot burns”
that can damage peat forming Sphagnum species, peatland seedbanks,
underlying peat soil and lower the water table for a period of several
years. The role of “cool burns” as a means of reducing risks has not
been assessed in the peer reviewed scientific literature and in view of
the large number of successful peatland restoration schemes that do not
use any form of burning, the need for a “cool burn” on peatlands is
untested. So called “hot” and “cool burns” are an untested management
tool with no certainty as to whether differences can be controlled and
no robust studies on the relative impacts. Successful restoration of
blanket bog on numerous upland sites around the UK, without the use
of muirburn or any other form of burning, demonstrates that burning is
not a necessary tool for peatland restoration.”

It is undeniable that burning removes dense or rank and
often leggy C. vulgaris, at least in the short-term (Alday
et al. 2015; Whitehead and Baines 2018). However, due to
the lack of evidence, it is unclear whether it hinders or even
promotes Sphagnum development in the long-term.
Nevertheless, data from the UK’s Hard Hill experiment
(which are cool burns) indicates that over 60 years, repeatedly
burnt and unburnt plots support similar levels of Sphagnum
(Milligan et al. 2018; Noble et al. 2018a). At the very least,
this suggests that prescribed “cool burning” does not inhibit
the long-term survival of Sphagnum populations (note — this
mainly applies to S. capillifolium). We concede that this evi-
dence comes from a single and imperfect experiment. Still, it
is the only long-term experimental data we have, and longer-
term space-for-time chronosequences are not robust enough to
ascribe causality or to be generalised (e.g. they have too many
assumptions that are rarely met and often fail to or cannot
account for confounding variables) (Davies et al. 2016b;
Franca et al. 2016; Ashby and Heinemeyer 2019).

Position Statement 8: “A number of recent studies have presented
misleading conclusions resulting in the mistaken interpretation that
burning is beneficial for peatland conservation and restoration (e.g.
Marrs et al. 2019a, 2019b; Heinemeyer et al. 2018; Milligan et al.
2018).”

Position Statement 8 on misleading recent studies is incor-
rect. Whether the cited studies present “misleading
conclusions” is currently unresolved (Heinemeyer et al.
2018; Milligan et al. 2018; Baird et al. 2019; Evans et al.
2019; Heinemeyer et al. 2019b; Marrs et al. 2019a; Marrs
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et al. 2019b). Failing to mention this key point is a glaring
omission. Furthermore, Heinemeyer et al. (2018) did not as-
sess the impact of burning on either peatland conservation or
restoration. Also, due to the lack of a supportive citation, we
are assuming that the criticism of Heinemeyer et al. (2018)
and Marrs et al. (2019a) is primarily based on the model pro-
duced by Young et al. (2019). If so, it is important to note that
the model used by Young et al. (2019) is unvalidated, unspec-
ified, only relates to the impact of deep drainage, and omits
key burning management impacts on peat properties and re-
lated C-cycle processes (e.g. the impact of charcoal on bulk
density and carbon content as well as on microbial decompo-
sition). Consequently, the model produced by Young et al.
(2019) cannot be used to criticise studies looking at C accu-
mulation on rotationally burnt areas of blanket bog with min-
imal drainage impacts (such as the studies by Heinemeyer
et al. 2018 and Marrs et al. 2019a).

In fact, a recent study by Flanagan et al. (2020) supports the
findings of Heinemeyer et al. (2018) and Marrs et al. (2019a) that
low-severity fires (i.e. prescribed burns) can reduce long-term
rates of heterotrophic respiration, potentially increasing net C
accumulation rates in peatlands. Specifically, Flanagan et al.
(2020) found that the positive impact of low-severity fires on
carbon accumulation was mediated by charring and thermal-
alteration of the peat aggregate surface, and through charcoal
production, with both processes being hypothesised in
Heinemeyer et al. (2018) and Heinemeyer et al. (2019c).
Moreover, during the last 300 years, the mean annual C accumu-
lation rates for the three grouse moor sites sampled by
Heinemeyer et al. (2018) are around 40 gC m 2 (1700-1950)
to 90 gC m 2 (1950-2015). These rates are similar to, and at
depth even slightly higher than, those for the three non-grouse
moor temperate bogs used in the Young et al. (2019) paper.
Crucially, if there were any C losses, this should have been also
evident in the peat samples analysed by Heinemeyer et al.
(2019a, 2019b, 2019c) as reduced organic carbon content
(%Corg), but this was not the case (e.g. %Corg over the first
30 cm depth was around 52%, which showed an overall increase
with depth to about 57% at 100 cm).

Position Statement 8a: “Common factors presented in academic
literature that can lead to confusion include: a) Inconsistent approaches
to the definition of peatland vegetation and its condition; of particular
concern are studies that do not consider whether the vegetation
recorded is typical of bog habitat or representative of more dry habitats.
(It is overly simplistic to report only on the abundance of moss species
or generic Sphagnum species, as these can also be associated with
poor-fen or dry heath conditions rather than bog formation).”

This is not a valid criticism. Excluding species of conser-
vation concern, peatland vegetation is, in one sense, irrelevant
— ecosystem functioning is what should be important. In the
case of peatland, this primarily means peat building, which is
primarily driven by hydrological (high water table),

environmental (low pH) and climatic (lower temperatures)
conditions (Gillingham et al. 2016). However, land managers
may also want to enhance other ecosystem services, such as
flood, climate change and wildfire mitigation, water quality,
or biodiversity. Again, the evidence for specific peat-forming
species is not clear.

Position Statement 8b: “Common factors presented in academic
literature that can lead to confusion include: b) Inadequate
methodologies to make a full assessment of baseline conditions or
summary of any potential confounding effects. Existing environmental
and management factors such as drainage, subsidence, grazing
pressure, historic burning regime, surrounding land use pressures such
as forestry plantations and atmospheric pollution can all impact on
study sites. To fully consider the effects of fire on peatland carbon
balance a full net balance needs to be conducted to allow for
comparison between burned and unburned sites.”

Yes, but, barring a few studies (e.g. Heinemeyer et al. 2019¢),
this applies to the entire evidence base, especially the four peer-
reviewed studies published as part of the EMBER report (Ashby
and Heinemeyer 2019). So why do IUCN UK PP only mention
Heinemeyer et al. (2018), Milligan et al. (2018) and Marrs et al.
(2019a) in this respect? An unbiased assessment would rightly
highlight, as we do below, that no study to date has examined
burning as it is applied in the real world using a study design
robust enough to detect causal relationships. One exception is the
Peatland-ES-UK study (https://peatland-es-uk.york.ac.uk/),
which was specifically set up to address this issue (Heinemeyer
et al. 2019c¢).

Interestingly, this statement refers to the impact of the “Ais-
toric burning regime”. Historically, fire or controlled burning
seems to have played a role in peatland development within the
UK uplands (Simmons 2003). Several studies have found char-
coal throughout peat profiles taken from wet heath and blanket
bog sites across the UK (Fyfe et al. 2003; Ellis 2008; Fyfe and
Woodbridge 2012; McCarroll et al. 2017; Fyfe et al. 2018). This
suggests that fire occurred throughout the Holocene (~8000 years
before present) and that the burning of vegetation is a long-term
feature of wet heath and blanket bog development.

Position Statement 8c: “Common factors presented in academic
literature that can lead to confusion include: ¢) Failure to consider the
impact of land management regimes in relation to trajectory for a
habitat. Simply comparing burned areas with unburned areas is
unhelpful if the aims of the site are to restore functioning peatland
habitat. Burning of a heavily degraded heather dominated peatland
may simply produce a constrained, degraded peatland state, retaining
vegetation associated with drier conditions, such as Calluna that could
limit further recovery towards the near natural state.”

The first sentence of this specific criticism is unclear, and
definitions of trajectories seem, at present, ill-defined. We
disagree that comparing burnt to unburnt areas is unhelpful.
Such comparisons would be extremely helpful if they were
made using a randomised Before-After-Control-Impact
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(BACI) design in which important ecological functions (e.g.
peat accumulation and water table depth) were measured over
several management cycles (e.g. Peatland-ES-UK). Also, note
the word “may” in the last sentence of this position statement.
It is key, because, due to the lack of empirical evidence, we
have no idea whether the burning of “a heavily degraded
heather dominated peatland may simply produce a
constrained, degraded peatland state, retaining vegetation
associated with drier conditions, such as Calluna that could
limit further recovery towards the near natural state”. Any
burn assessment must also consider site condition as well as
elements of fire ecology (burn rotation length, severity and
intensity). Clearly, there will be instances where site condi-
tions (e.g. too dry and/or too steep) would have benefited from
alternative management (e.g. alternative cutting/mowing or no
management) or where burning was done inappropriately (e.g.
burns were too severe or too frequent).

Position Statement 8d: “Common factors presented in academic
literature that can lead to confusion include: d) Comparing the burned
to unburned state can produce data that shows a change in vegetation
including an increase in Sphagnum species. However, in burned plots,
consideration should be given to the type of Sphagnum species and
whether these are typical of bogs, as well as the likelihood of reversion
of the degraded peatland back towards abundant heather.”

Agreed. But again, this applies to the entire evidence base.
Sphagnum species are often grouped by researchers because
the abundance of most species is low, which inhibits adequate
statistical analysis. Also, individual Sphagnum species may
not be the most sensitive habitat indicators because 1) of their
wide environmental tolerances (c.f. Plates 1i - 1viii in Daniels
and Eddy 1985); and, ii) we lack mechanistic data on their
contribution to important peatland functions (e.g. peat and
carbon accumulation).

Position Statement 8e: “Common factors presented in academic
literature that can lead to confusion include: e) A distinction also needs
to be made between studies of a single burn, compared with frequent
prescribed burns on a cycle of 30 years or less. The latter can give rise
to substantial cumulative impact due to long recovery times of
particular blanket bog Sphagnum species from damage through
burning (Noble et al. 2019a, 2019b)”

Agreed. Ideally, every study should consider aspects of fire
ecology (e.g. burn rotation length, severity and intensity) to
provide relevant and useful guidance to land managers and
enhance scientific understanding (Davies et al. 2016b;
Davies et al. 2010b; Grau-Andrés et al. 2018; Grau-Andrés
et al. 2019a).

Position Statement 9a: “studies can also lead to the mistaken view that
burning is inconsequential or even beneficial for both the ecology and
the carbon store of a bog if they do not fully account for:

- the negative long-term carbon trends associated with atypical plant
species abundance”
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Again, there is no robust causal evidence for the impact of
“atypical” plant species abundance on long-term carbon accu-
mulation or storage within UK peatlands.

Position Statement 9b: “studies can also lead to the mistaken view that
burning is inconsequential or even beneficial for both the ecology and
the carbon store of a bog if they do not fully account for:

- damaged state of the acrotelm (thin living surface layer of peat-forming
vegetation)”

A complete assessment of the acrotelm “state” would be
extremely complex to carry out because it would have to con-
sider its physical (e.g. bulk density), chemical (e.g. organic
carbon content) and biological (e.g. microbial communities)
properties. Currently, peatland researchers mainly record the
physical and chemical properties of the acrotelm. However, as
specific physical and chemical properties relate to multiple
factors (e.g. management, climate and vegetation) (Morton
and Heinemeyer 2019), it can be difficult to determine the
current state of the acrotelm. Conversely, soil infiltration mea-
surements can provide useful information on the hydrological
state of the acrotelm for a specific moment in time.
Furthermore, we would argue that short-term management
impacts on the acrotelm, such as exposed peat surfaces after
a prescribed burn, should not be used to infer long-term im-
pacts. Finally, the definition of the acrotelm used by the [UCN
(2020) (e.g. the “thin living surface layer of peat-forming
vegetation”) differs from the standard definition first de-
scribed by Ingram (1978):

o “The surface layer of a mire soil, differing from the sub-
Jjacent layer in the nature, greater range or more abrupt
variation of its physical properties and biological attri-
butes and in function the principal site of matter and en-
ergy exchange in the mire ecosystem”.

*  “We consider the lower boundary to be the level above
which the water conditions and degree of decomposition
vary rapidly, while below this level they either remain
constant or vary slightly”.

Position Statement 9c¢: “studies can also lead to the mistaken view that
burning is inconsequential or even beneficial for both the ecology and
the carbon store of a bog if they do not fully account for:

- consequent impacts on the catotelm (permanently waterlogged peat
store under the acrotelm). Past changes to deep C stores can also give
rise to misleading conclusions about the previous rates of C
accumulation.”

Negative impacts on the catotelm are only really achieved
by deep drainage ditches or gullies. Standard moorland drains
(i.e. grips) usually lead to small increases in WTD (generally
only a few centimetres) that only extend a couple of metres
either side of the ditch (e.g. Wilson et al. 2010; Holden et al.
2004; Luscombe et al. 2016). We are assuming the second
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sentence in this position statement is based on the model pub-
lished by Young et al. (2019) (again, a supporting citation
would confirm this). As previously noted, this is an
unvalidated and unspecified drainage-based model without
any representation of rotational burning processes (Young
et al. 2019). Therefore, the results of this model do not apply
to peatlands subject to burning management. A more applica-
ble modelling study in relation to C storage impacts on burn-
ing and drainage (with some hydrological model validation) is
the one published by Heinemeyer and Swindles (2018).

Position Statement 9d: “studies can also lead to the mistaken view that
burning is inconsequential or even beneficial for both the ecology and
the carbon store of a bog if they do not fully account for:

- loss of microtopography and overall reduction in environmental
resilience.”

The first part of this position statement on micro-
topography impacts is incorrect. For example, several studies
show that, relative to unburnt or not recently burnt controls,
prescribed burning has no effect on blanket bog micro-
topography (Heinemeyer et al. 2019¢; Noble et al. 2018a).
However, alternative cutting might cause damage to the
peat/vegetation surface but remains understudied, as shown
by Heinemeyer et al. (2019a). The second part of Position
Statement 9 (d) is too ambiguous to comment on — the term
“environmental resilience” needs to be clearly and objectively
defined (e.g. resilience to what and what aspect of a peatland
needs to be resilient?).

Position Statement 10: “Bogathon and Sphagathon (Moorlands
Association & Heather Trust 2015) have demonstrated that there is
support for maintaining and restoring peatlands to a healthy condition.
It has also demonstrated recognition among land managers that healthy
peatlands can support driven grouse shooting and stock grazing.”

There is indeed support for peatland restoration toward a
“healthy condition”. However, we need clearly defined and
objective restoration goals that are based on ecological func-
tion. Once such criteria have been developed, we suggest that
scientists and government agencies then work together with
land managers and, in the UK context, grouse shooting estates
(but also other land owners/managers) to facilitate an
evidence-based and site-specific transition to alternative man-
agement. We advocate using a series of ‘champion estates’
distributed across the UK (to capture different site conditions)
that implement alternative and traditional management using a
moorland-scale BACI experimental/monitoring approach.

Position Statement 10a: “Landowners and grouse moor managers
appreciate that raising the water table builds resilience into their land to
provide protection from the impacts of climate change and the
increasing risk of damage from wildfire — ‘wetter is better’ (BASC &
Moorlands Association 2016).”

As previously noted, we cannot assume that wetter is
always better. Blanket bogs with water tables at or above the
soil surface are likely to emit large amounts of methane
(Abdalla et al. 2016; Evans et al. 2017), especially under the
warmer and wetter conditions we are expecting due to climate
change (Heinemeyer et al. 2019c). The key question is wheth-
er such increases in methane emissions will counteract the
carbon accumulated within the peat body by rewetting.
Saturated peatlands may also contribute to flooding down-
stream (via increased saturated overland flow) and have a
negative impact on important invertebrate taxa, such as
Tipulidae (an important food source for rare upland birds)
(Holden and Burt 2003; Holden et al. 2008; Carroll et al.
2015; Holden et al. 2017; Heinemeyer et al. 2019c;).

We also cannot assume that rewetting will be enough to mit-
igate wildfires because the wildfire mitigation potential of
rewetting has never been tested within a UK context. There are
two aspects to wildfire mitigation: ignition prevention and dam-
age limitation. Firstly, it seems intuitive that wetter bogs would
be less likely to ignite (Davies and Legg 2011). However, in
summer, bog vegetation becomes very dry, especially during
prolonged dry spells. As the vegetation becomes drier, it be-
comes more flammable. For example, C. vulgaris becomes flam-
mable when moisture content drops below 60% (Davies and
Legg 2011). Thus, in theory, ignition of C. vulgaris-dominated
peatlands is possible any time the moisture content of the
C. vulgaris canopy drops below the 60% threshold.

If a canopy fire did take hold, it seems intuitive that a wetter
bog should reduce the chances of the underlying moss and peat
layers igniting, or limit the spread of a peat fire if the peat body
did ignite. Indeed, a group of British studies show that the moss
and peat layer within (wet) blanket bog ecosystems are generally
buffered from the effects of a prescribed burn (i.e. minimal dam-
age and no peat ignition) (Grau-Andrés et al. 2017; Grau-Andrés
et al. 2018; Grau-Andrés et al. 2019a; Grau-Andrés et al. 2019b).
But these studies were testing the effect of a prescribed manage-
ment burn rather than a wildfire. Such managed burns are carried
out between late autumn and early spring (October 1st to April
15th) when peatland water tables are higher and ground temper-
atures are cold, which limits any temperature damage (DEFRA
2007; Grau-Andrés et al. 2017; Grau-Andrés et al. 2018; Grau-
Andrés et al. 2019a; Heinemeyer et al. 2019c). In contrast, wild-
fires generally occur in the summer months (Albertson et al.
2009). Consequently, they are likely to be significantly hotter
than prescribed burns, especially at the soil surface (Davies
et al. 2010a; Davies et al. 2010b; Davies et al. 2016b). And,
crucially, the heat generated during a wildfire creates a front that
may be sufficient to dry out the surrounding peat and facilitate
ignition (Prat-Guitart et al. 2016; Huang and Rein 2017).

Another consideration is that, even on near-natural and
hydrologically intact peatlands (i.e. peatlands largely undis-
turbed by human impacts), the water table can lower by as
much as 20-30 cm during the summer months (Labadz et al.
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2007; Holden et al. 2011), which, combined with dry vegeta-
tion, is likely to increase the flammability of the peat signifi-
cantly. Peat on sloping terrain or hilltops will be particularly
prone drying during periods of drought because such areas a
more freely draining (Heinemeyer et al. 2010; Carroll et al.
2015). Furthermore, rewetting is likely to be implemented
alongside a cessation of vegetation management, which, as
the Hard Hill Experiment indicates, leads to a significant in-
crease in above-ground biomass (Alday et al. 2015; Marrs
et al. 2019a). Consequently, rewetted bogs may have a higher
fuel load over extensive areas (i.e. not broken up into a mosaic
of heather ages and such biomass load), which will lead to
higher fire temperatures if a wildfire does manage to ignite
(Hobbs and Gimingham 1984; Davies et al. 2016a; Noble
et al. 2019a). Finally, contrary to the claims made in the liter-
ature (Baird et al. 2019), there are indications that higher water
tables may not inhibit the horizontal and downward spread of
smouldering peatland wildfires (Huang and Rein 2017).
Given all the points we raise above, rewetting may not be as
effective at mitigating wildfire as its proponents claim. Yet,
due to the lack of data, the true role of rewetting in peatland
wildfire mitigation remains unknown and, thus, requires ur-
gent research attention.

Position Statement 11: “When examining the evidence on wildfire
impacts, it is important to distinguish between studies based on dry
heath/grasslands on shallow soils, as opposed to deep peat sites.
Concerns over wildfire risk do not generally apply to wet blanket bog
habitat where there is naturally minimal dry biomass load and high
water tables prevent burning of the peat mass.”

Part of this position statement on wildfire impacts is, at
best, an unverified assertion. Firstly, productivity and, hence,
fire risk will generally be higher on lowland dry heath and
grasslands, and so it is important to distinguish them from
deep peat sites. Secondly, we lack detailed data on the impact
of rewetting on blanket bog vegetation biomass. However, we
do have data from a long-term (60 years) experiment situated
in an area of undrained, wet and high-altitude blanket bog: the
Hard Hill experiment at Moor House National Nature Reserve
in the North Pennines, UK (Marrs et al. 1986). In contrast to
what the [UCN UK PP document asserts, the unmanaged plots
(plots unmanaged since 1923 and 1954) within the Hard Hill
Experiment support the greatest amount of biomass (Alday
et al. 2015). Thirdly, rewetting may raise water tables during
the wetter months (October to April), but water tables will
likely still drop significantly during the summer months
(Labadz et al. 2007). This, combined with dry conditions,
and higher porosity, is likely to significantly increase the flam-
mability of the peat (Huang and Rein 2017). But again, we
lack data on this key issue.

Position Statement 12: “However, a large proportion (c. 80%) of our
peatlands are considered to be in a degraded condition. Degraded
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peatlands with abundant heather have been described by some
managers as a fire risk when naturally high water tables are absent. The
larger fuel load on a damaged peatland can mean that if a fire occurs
that it is more damaging; greater fuel load ~ greater heat intensity ~
prolonged fire = potential for greater damage to vegetation and ignition
of'the underlying peat soil. There are numerous scientific studies which
demonstrate that wet peatlands are less prone to wildfire (e.g. Turetsky
et al. 2015, Swindles et al. 2019; Grau-Andrés et al. 2017;) or that
rewetting is a better strategy than burning to achieve peatlands that are
resilient to wildfire (Baird et al. 2019). Re-wetting peatlands is there-
fore viewed as crucial in mitigating wildfire risk.”

For a rebuttal of the first sentence, see our comments about
Position Statement 4. Moving on, we agree that: “greater fuel
load = greater heat intensity = prolonged fire = potential for
greater damage to vegetation and ignition of the underlying
peat soil”. Indeed, this concept is well established (Davies
et al. 2016a; Davies et al. 2016b; Davies et al. 2010b; Noble
etal. 2019a), as is the fact that prescribed burns can be used to
reduce fuel loads on UK peatlands (Lee et al. 2013a; Alday
et al. 2015; Milligan et al. 2018; Whitehead and Baines 2018;
Grau-Andrés et al. 2019a; Heinemeyer et al. 2019c; Marrs
et al. 2019a). However, we disagree with the unverified asser-
tion that rewetting peatlands is crucial for mitigating wildfire
risk. As we have discussed in previous sections, this has not
been tested and, as our comments on Position Statement 10
suggest, it may also be a flawed assumption. Furthermore, we
question some of the references used to support the statement
“that wet peatlands are less prone to wildfire”. Swindles et al.
(2019) do not test this, Grau-Andrés et al. (2018) examine
prescribed burning, not wildfire and the issue of smouldering
fires in relation to peat porosity and moisture content must be
considered (e.g. Huang and Rein 2017), and Baird et al.
(2019) is not an experimental study but a 'Matters Arising'
opinion/response to another study.

Position Statement 13: “On UK peatlands, high fuel loads of heather and
grasses and dry exposed peat are consequences of lower water tables
from drainage, compounded by over-grazing and repeated burning. A
healthy peatland with high, stable, water tables and Sphagnum growth,
naturally suppresses excess heather and other dry understory ground
vegetation. For many sites rewetting (raising the water table) is a rapid
process following restoration works and there will be no need for
additional vegetation management. However, some severely degraded
sites or sites with complex topography (e.g. sites with severe peat hags)
may still have significant areas of drier peat and excess heather and
other dry vegetation following rewetting activity. For these sites there
may be the need to consider measures to control fire risk during the
transition period, such as cutting fire breaks in certain areas and
restricting burning on adjacent areas.”

The conflation of different management aspects is unhelp-
ful for an informed, constructive and precise debate about the
use of prescribed burning on peatlands. We agree that deep
drainage is a serious issue (e.g. Young et al. 2019), but it
should be judged independently from burning because
vegetation burning can be implemented in the absence of deep
drainage (and vice versa). We also think that prescribed burns
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should not be carried out on areas of steeply sloping or dry
peatland or areas in which a significant amount of the peat
surface is exposed (the latter is extremely unlikely to be
burned because it will not be dominated by a dense
C. vulgaris canopy — the pre-requisite for applying a pre-
scribed burn). However, prescribed burns within flat and wet
areas of blanket bog are likely to cause only minimal short-
term damage to the moss layer (Davies et al. 2010b; Lee et al.
2013a; Kettridge et al. 2015; Taylor 2015; Grau-Andrés et al.
2017; Grau-Andrés et al. 2018; Milligan et al. 2018; Noble
et al. 2018a; Grau-Andrés et al. 2019a; Grau-Andrés et al.
2019b; Heinemeyer et al. 2019¢; Marrs et al. 2019a).

In addition, the following passage seems to be unsupported
by empirical data: “A healthy peatland with high, stable, water
tables and Sphagnum growth, naturally suppresses excess
heather and other dry understory ground vegetation. For
many sites rewetting (vaising the water table) is a rapid pro-
cess following restoration works and there will be no need for
additional vegetation management”. If by ‘healthy’, the
IUCN UK PP mean a peatland that is relatively undisturbed
by human management, then, as previously noted, such
peatlands can also experience a significant drop in the water
table during the summer months (Labadz et al. 2007). Also,
wet peatland sites can still be dominated by C. vulgaris well
after any management has ceased (Lee et al. 2013a; Alday
et al. 2015; Milligan et al. 2018; Heinemeyer et al. 2019¢). It
seems a shame that the large investment into peatland resto-
ration has a disproportionally small amount of robust (BACI)
and long-term impact monitoring associated with it to test
such assumptions or hypotheses.

Position Statement 14: “There are a range of approaches to reducing fire
risk in habitats. For peatlands, the approach used must not lead to
increased deterioration of the peatland sites as this may exacerbate fire
risk. In many peatland restoration projects, managers will seek to rewet
and diversify the vegetation composition to naturally reduce biomass.
This may involve vegetation cutting in strategic locations, seeking to
influence visitor behaviour, responding directly to visitor behaviour at
high risk times and participating in local fire response groups. We
recognise that there is a need to investigate the most effective
mechanisms for wildfire risk mitigation to support the development of
management plans for restoration projects during transition periods.”

As we highlight in our comments underneath ‘Statement
6’, rewetting may, in specific contexts, have adverse impacts
on certain ecosystem services. There are also many potential
issues with alternatives to burning, such as cutting (e.g. sedge
dominance, methane emissions, water quality and
microtopography impacts; see Heinemeyer et al. 2019c¢).
Furthermore, it might not always be possible to restrict access,
and it only takes one ignition incident to set off a devastating
wildfire across a C. vulgaris-dominated blanket bog. We need
to consider these risks, measure them, and try to predict them
accurately in relation to different site conditions and all

available land management options/interventions, including
prescribed burning.

Position Statement 15: “Wildfires on peatland are rare outside of
situations where people have been involved in the origin of the fire,
whether as a result of an out of control prescribed burn, arson or
carelessness.”

We agree that the greatest wildfire threat to blanket bog
comes from people, particularly on blanket bogs near densely
populated urban areas (as the number of visits to these bogs
would be greater) (Albertson et al. 2009). However, even
though wildfires on blanket bog are currently rare, they may
increase in frequency due to climate change (Albertson et al.
2010).

Areas for Further Research (a): “An agreed methodology for defining
different peatland states should be developed for use in academic
studies along with protocols for describing peatland vegetation which
include vegetation type and structure.”

We broadly agree with this suggestion. However, such a
methodology must be based on or at least be partly validated or
supported by direct measurements of ecosystem functioning (e.g.
net peat and carbon accumulation, net GHG emissions, water
storage and quality; biodiversity) — we need to move away from
using unverified vegetation metrics as proxies for peatland eco-
system functioning. We would also need to produce a set of
thresholds (based on actual ecological data) and an agreed and
evidenced set of definitions (concerning habitat states) within an
applied context (considering statutory bodies) and a way of de-
fining and assessing a ‘trajectory of recovery’.

Areas for Further Research (b): “Agree how the impact of burning on C
storage and C accumulation should be measured.”

We think that, overall, there is strong agreement amongst
peatland researchers about this issue. Still, it would indeed be
advantageous if a standardised measurement protocol were
developed. We recommend that any such protocol should
consider the following:

* The measurement of C storage from fluxes should include
all major C flux components (e.g. Net Ecosystem Carbon
Balance, NECB), certainly both main gaseous C flux com-
ponents, carbon dioxide and methane, using eddy covari-
ance towers and/or ground-level chambers.

* Any management assessment needs to consider the entire
burn rotation to capture the regrowth of vegetation to ma-
turity. Thus, a robust flux monitoring approach for
assessing prescribed burning in UK blanket bog should
last between about 15 to 25 years depending on the local
climate (Heinemeyer et al. 2019b, 2019c).

* Any peat core assessment must include a detailed physical
evaluation of the complete peat profile (i.e. bulk density
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changes in relation to peat moisture dynamics; Morton
and Heinemeyer 2019) and consider potential C storage
impacts due to deep drainage (Young et al. 2019).

* The measurement of charcoal (and partial charring of
woody biomass) impacts on carbon accumulation (i.e. re-
calcitrant, long-term C storage) and carbon fluxes (i.e. its
influence on peatland microbial activity and, thus, decom-
position and methane emissions).

*  Measurements of dissolved and particulate organic carbon
exports (and ideally also its long-term fate) using soil and
stream water analysis.

To properly understand the impact of prescribed burning
on blanket bog carbon storage and accumulation, the above
measurements should ideally be collected using the following
scientifically robust and real-world approach: a multisite
paired site/catchment BACI design where treatments (burnt
versus an unburnt control) are randomised within each paired
site/catchment and data is collected over at least one complete
(but, ideally several) burn rotations.

Areas for Further Research (c): “Instigate a number of long-term
monitoring and survey plots for peatlands under different management
conditions to determine the impact of burning on the trajectory to-
wards peatland restoration.”

Yes, we could not agree more. However, government funding
is needed to achieve this and to allow already established exper-
imental work to continue despite any changes to upland land use
policy that may occur. For example, the BD5104 (Peatland-ES-
UK) project was intended to be one such long-term monitoring
study (Heinemeyer et al. 2019¢). However, long-term monitor-
ing sites require a long-term commitment to funding.
Furthermore, such studies must utilise a randomised and multisite
BACI design (see, for example, Heinemeyer et al. 2019¢). The
use of randomised and multisite BACI designs is crucial because,
compared to other experimental designs, they minimise con-
founding variables (meaning results can be generalised) and
are, therefore, significantly more accurate in detecting manage-
ment impacts (Franga et al. 2016; Smokorowski and Randall
2017; Ashby and Heinemeyer 2019).

Areas for Further Research (d): “A systematic review of the response of
peatlands following restoration under different management
treatments.”

Agreed. We urgently need a holistic and clinical systematic
review of the impact of different management impacts on
peatland ecosystems. Such a review must consider the strength
of the experimental designs used and the reliability of the data
presented by each study. Reviewers should not be afraid to reject
studies with unreliable results. Consideration should also be giv-
en to selective reporting and titles or conclusions which are not
backed up by the study’s findings. Given how polarised and
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political the burning debate has become (Davies et al. 2016b),
we urge the review should be conducted by an independent
scientific group to prevent any bias. By independent, we mean
researchers not invested in the debate about prescribed burning
impacts on UK peatlands, which probably means that reviewers
from outside the UK should be selected. Alternatively, the review
team should include researchers with varying opinions about
prescribed burning impacts.

Areas for Further Research (e): “Further research to support the
development of accessible good practice guidance in managing
wildfire risk for peatlands which are under restoration and are in
transition to a wet and naturally fire resilient state.”

Agreed. This is a research priority because, due to the lack
of data, we have no idea whether rewetting will mitigate wild-
fire risk. In the UK, there are several live projects investigating
this topic, which is to be welcomed, especially given that the
UK has very different conditions/challenges compared to
most of the available literature from North America,
Scandinavia and the Tropics.

Additional Concerns about the Simplified
Narrative

Further to our specific comments on the IUCN (2020)
“Burning and Peatlands” document, we would also like to
highlight three additional but crucially important points for
researchers and policymakers to consider when evaluating
the impact of prescribed burning on UK peatlands. These
considerations are intentionally or unintentionally ignored
within publications that attempt to simplify the narrative about
prescribed burning impacts on UK peatlands.

Spatiotemporal Resolution

To date, no study has fully assessed prescribed burning im-
pacts using a real-world approach, with measurements taken
across active grouse moors and extending over a complete
management cycle (and covering the entire catchment), but,
ideally, several management cycles (the Peatland-ES-UK will
have once measurements have been taken over a complete
management cycle of about 20 years). In short, this means
that the impacts of prescribed burning on UK peatlands have
yet to be assessed using the correct spatiotemporal context.
For example, in the real world, gamekeepers burn areas of
mature C. vulgaris to create a mosaic of differently aged
C. vulgaris patches at the moorland scale (Tharme et al.
2001). Specifically, gamekeepers want young stands of
C. vulgaris with fresh, nutritious shoots for adult L. lagopus
scotica, older stands of C. vulgaris for cover, and short open
stands of C. vulgaris containing a greater abundance of insect
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prey for L. lagopus scotica chicks (Miller et al. 1966; Palmer
and Bacon 2001; Buchanan et al. 2006). The aim is to burn
multiple patches of C. vulgaris across a moorland during each
burning season. However, due to the vagaries of weather and
logistics, the number of burning patches per season is highly
variable (Allen et al. 2016). The size and shape of individual
burns are also highly variable, but they are usually no more
than 30 x 100 m (Allen et al. 2016). Patches are re-burnt as
soon as they become dominated by tall and ‘leggy’
C. vulgaris, which takes about 15 to >25 years depending
on climate (Glaves et al. 2013; Thacker et al. 2014; Alday
et al. 2015). Prescribed burning is also applied within a wide
range of environmental contexts because each peatland differs
in terms of climate, peat depth, water table depth, slope, veg-
etation composition, the level of drainage, the amount of graz-
ing, levels of atmospheric pollution and management history
(Noble et al. 2018b; Heinemeyer et al. 2019c¢).

So how are prescribed burning impacts investigated within
the scientific literature? Well, the principal UK burning study at
Moor House National Nature Reserve measures burning impacts
at the plot (rather than moorland) scale, with experimental plots
being uniform in size (30 x 30 m or 0.09 ha) and much smaller
than the prescribed burns created by gamekeepers (ca. 30 x
100 m or 0.3 ha); experimental plots are also burnt on strict 10
and 20-year rotations, rather than when the C. vulgaris becomes
dominant, old and leggy (Marrs et al. 1986; Lee et al. 2013a; Lee
et al. 2013b; Milligan et al. 2018; Noble et al. 2018a; Marrs et al.
2019a; Noble et al. 2019a). Furthermore, many studies fail to
make pre-burn measurements (e.g. Lee et al. 2013a; Lee et al.
2013b; Alday et al. 2015; Noble et al. 2017; Milligan et al. 2018;
Noble et al. 2018a; Noble et al. 2018b; Marrs et al. 2019a; Noble
et al. 2019b), and crucial post-burn measurements (such as car-
bon fluxes) are usually only taken for <3 years at the start of a
burning rotation (e.g. Grau-Andrés et al. 2018; Grau-Andrés
et al. 2017; Grau-Andrés et al. 2019b; Noble et al. 2019a) or
during a single year across multiple burning rotations (e.g. Lee
et al. 2013b; Milligan et al. 2018; Noble et al. 2018a; Noble et al.
2019b). Some studies also ignore how environmental conditions
(e.g. climate, water table depth, slope, peat depth, vegetation
composition) vary within or between study sites, and how such
variation influences fire behaviour (e.g. Brown et al. 2013;
Ramchunder et al. 2013; Holden et al. 2014; Holden et al. 2015).

Besides being unrepresentative, the short-term approach
used to study prescribed burning impacts is biased towards
finding adverse effects. This is because prescribed burning
is a form of habitat disturbance and all forms of habitat
disturbance (natural or anthropogenic) cause immediate
ecological damage (e.g. via soil disturbance, removal of
vegetation and/or physiological damage to plants) irrespec-
tive of whether they are beneficial over longer timescales.
Thus, if one were to measure the immediate impacts of
other uncontroversial disturbance-based land management
interventions, such as hedge laying, coppicing or mowing,

they would, like the short-term investigations of burning,
appear to have negative ecological impacts. However, if
data collection were extended over the correct timescale
for each management intervention, then the ecological im-
pacts would increasingly become positive. We clearly need
to measure prescribed burning impacts over complete man-
agement rotations (about 15 to >25 years depending on the
climate). In the UK, this will require a move away from the
short-term research council funding model that is undoubt-
edly one of the major causes of this issue.

Notwithstanding our comments above, we should also
question whether burning rotations of 15 to 25 years are
the optimal length for promoting peatland function and
ecosystem services. These rotation lengths have a grouse
moor management focus. However, it could be that longer
rotations ( possibly intersperced with alternative
cutting) still enhance red grouse populations, but better
enhance peatland function and ecosystem services. Future
studies should, therefore, investigate burning (and alterna-
tive management) impacts over longer timescales.

Evidence Reliability

A second point for policymakers to consider is that the
results of many burning studies are currently unreliable or
cannot be generalised because they use experimental de-
signs that are unable to detect causal relationships and/or
make significant statistical errors (for a discussion of this
issue, see Ashby and Heinemeyer 2019). For example,
several studies confound burnt and unburnt treatments
with site and fail to control for this during data analysis
(Ashby and Heinemeyer 2019). The results of such studies
are unreliable because any observed impacts (i.e. differ-
ences) cannot be solely attributed to burning management.
Several burning studies also commit pseudoreplication be-
cause they fail to account for data structure during analy-
sis (Ashby and Heinemeyer 2019). By doing this, such
studies artificially inflate treatment-level sample sizes,
which means the significance values reported are likely
to be much too low and the results cannot be generalised
(Davies and Gray 2015). Given these issues, we recom-
mend that any future assessment of the prescribed burning
evidence should weight conclusions according to the meth-
odological strength (experimental design and data analysis)
of each study, with studies being rejected from consider-
ation if they report unreliable results.

The Application of the Precautionary Principle
A third and final point for policymakers to consider relates
to how the precautionary principle is applied to different

forms of peatland management. It is suggested within the
IUCN (2020) “Burning and Peatlands” document that:
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“Where there is uncertainty around the benefits of burning
for peatland restoration, the precautionary principle
should be applied and burning avoided”. 1f the IUCN
UK PP are going to apply the precautionary principle to
burning then, for balance, we suggest that they should also
apply it to other forms of peatland management that have
not undergone a full environmental cost-benefit-analysis,
such as cutting, rewetting or the cessation of vegetation
management. For example, compared to burning, we know
even less about the impact of cutting (an alternative to
burning) on peatland ecosystem services (e.g. greenhouse
gas emissions; carbon storage; water quality, nutrient cy-
cling). Moreover, the small amount of evidence we do have
suggests that, by raising water tables, rewetting could lead
to increased methane emissions, increased saturated over-
land flow and reduced water quality (e.g. Holden and Burt
2003; Cooper et al. 2014; Vanselow-Algan et al. 2015;
Abdalla et al. 2016; Peacock et al. 2018). Yet, surprisingly,
nowhere in the [UCN UK PP “Burning and Peatlands”
document is it suggested that the precautionary principle
should be applied to alternative peatland management in-
terventions, such as cutting or rewetting (IUCN 2020). Nor
does the document consider the risks of ceasing vegetation
management on UK peatlands (e.g. increased wildfire risk
due to increased vegetation biomass) (IUCN 2020).
Instead, the document repeatedly advocates the use of
rewetting as a way of reducing wildfire risk (IUCN
2020), for which there seems to be no direct evidence
absenteeism.

We also assert that the application of the precautionary
principle to burning on peatlands might be the wrong ap-
proach for two reasons. Firstly, the lack of a transparent
and objective decision-making process means the precau-
tionary principle is difficult to apply in practice (Peterson
2007; Vlek 2010). Secondly, and more importantly, there
is a growing body of evidence which suggests that in spe-
cific contexts (e.g. flat areas with water tables at or near the
soil surface), burning causes minimal short-term impacts to
UK peatlands (Lee et al. 2013a; Taylor 2015; Grau-Andrés
et al. 2017; Grau-Andrés et al. 2018; Milligan et al. 2018;
Noble et al. 2018a; Grau-Andrés et al. 2019a; Grau-Andrés
et al. 2019b; Heinemeyer et al. 2019c¢; Marrs et al. 2019a).
Furthermore, when negative impacts are reported, they are
often for short-term effects or for effects that are so small
they may not be ecologically significant (Brown et al.
2015; Noble et al. 2018b; Grau-Andrés et al. 2019b;
Noble et al. 2019a; Noble et al. 2019b). Negative impacts
are also part of a natural process of fire events, which
might be neither positive nor negative in the long-term. It
would, therefore, be more appropriate to describe any im-
pacts in a neutral and scientific manner (e.g. impacts are
often context, parameter and time-specific).
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Instead, given that the impacts of burning are likely to
be site-specific (Heinemeyer et al. 2019¢), upland land
managers should be able to adopt an adaptive manage-
ment approach to prescribed burning. The fundamental
tenet of adaptive management is to monitor management
interventions and use the results to inform future actions
(e.g. by halting any interventions that are found to be
damaging) (Holling 1978). We propose that this ‘learn
by doing’ approach should be endorsed within heather-
dominated (including grouse moor) peatland management
policy because it (i) allows management to continue as
long as landowners monitor the environmental impacts of
their interventions (ideally supported by scientific input
at representative high-intensity monitoring sites); (ii) en-
courages landowners to adopt a more cautious approach
to management (by realising the benefits and challenges
of different options); (iii) potentially ensures more envi-
ronmentally sensitive management techniques are trailed
and tested (before being adopted in general); and, (iv)
contributes to evidence base (in a real-world context).
We also recommend that any future research on policy-
related management (on burning or any alternatives)
adopts a joint-up and catchment-scale approach in which
management interventions (and potentially also their
combinations in relation to site conditions) are compared
across several actively prescribed sites covering a broad
range of environmental conditions (the Peatland-ES-UK
study is such an example: Heinemeyer et al. 2019c).

Conclusions

By critically reviewing the IUCN UK PP “Burning and
Peatlands” position statement, we have highlighted how
prescribed burning is often wrongly presented as always
having negative impacts on peatland ecosystems. We
hope that policymakers read and take heed of the points
we have made before making decisions about the future of
prescribed burning (and possible alternatives) on UK
peatlands. We also invite the IUCN UK PP and other
peatland researchers with contrasting views to respond
to our critical review. Indeed, an open, honest and
evidence-based debate is crucial for “the continuing de-
velopment of scientific knowledge” (Egilman 2013). In
general, we feel that excluding a management tool cate-
gorically, particularly when an ecosystem seems to have
evolved with it, is potentially damaging over longer time-
scales. The risk of uncontrolled wildfires is of particular
concern in peatlands. Whilst we do not promote burning,
based on the evidence and known risks, we would advo-
cate its continued consideration as part of the management
‘toolbox’.
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Appendix

Definitions

Blanket bog habitat’

Blanket bogs are largely ombrotrophic peatland habitats that form in cool, wet and, in the UK, upland environments. The combination of inhibited
surface drainage, high levels of rainfall and low levels of evapotranspiration facilitate peat development in damp hollows and over large areas of
undulating ground. Blanket bogs are found throughout the UK, ranging from Devon in southern England to Shetland off the north coast of Scotland.

Peat depth varies but usually lies between 0.5-3 metres, although mean maximum peat depth is estimated to be about 6 metres (Lindsay 2010). One of
the characteristics that distinguish blanket bog from other peatland habitats is the vegetation communities they support, which include species such as
Calluna vulgaris, Erica tetralix, Trichophorum cespitosum, Eriophorum species and several Sphagnum species. However, there is no agreed-upon
minimum peat depth that can support typical blanket bog vegetation communities.

Blanket bog is also characterised by having water tables at or near the soil surface and the presence of variable surface patterning, ranging from a
relatively smooth surface, with the occasional Sphagnum hummock and Eriophorum vaginatum tussock, to a suite of bog pools and ridges.

Grouse moor management in the UK>

Grouse moor management utilises a suite of tools aimed at producing a shootable surplus of red grouse Lagopus lagopus scotica. These tools include the
legal control of generalist predators (e.g. red foxes, stoats, and carrion crows), disease control (e.g. the application of medicated grit) and vegetation
control. As red grouse is an upland species, grouse moors are restricted to the British uplands, mainly in England and Scotland. Consequently, they
overlap considerably with blanket bog habitat.

Grouse moor managers control blanket bog vegetation using prescribed burning (also known as rotational burning), but, more recently, they have started
to use cutting/mowing as well. Managers burn or mow small areas of mature C. vulgaris to create a mosaic of differently aged patches. Usually,
multiple patches of C. vulgaris are manged across a moorland every year.

Prescribed burning management in the uplands is restricted to the period between October 1st and April 15th. In contrast, cutting is permitted any time
outside the bird breeding season, which runs between March 1* and July 31%. The size and shape of individual burns or cuts are highly variable.
However, they are usually no greater than 30 x 100 metres. Areas are re-burnt or re-mown as soon as they become dominated by tall and ‘leggy’
C. vulgaris, which takes approximately 15 to >25 years depending on the local climate.

Historically, drainage ditches (~50 cm deep) were added to most blanket bogs currently under grouse moor management, sometimes at a high spatial
frequency. The UK government subsidised this activity as a means of increasing post-war upland productivity.

The wider environmental costs and benefits of grouse moor management are fiercely debated. For two contrasting views on the wider impacts of grouse
moor management, see Thompson et al. (2016) and Sotherton et al. (2017).
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Definitions continued
Photos of burning and mowing management within a UK grouse moor®

Blanket bog vegetation management
using a prescribed burn. Edges of the burn
are put out by beating the fire with a
flexible shovel.

Blanket bog vegetation management
using mowing. Tractors with a set of
double wheels to reduce ground pressure
are used to prevent peat compaction. The
C. vulgaris is cut at the rear using blades
and returns the brash as a mulch.

C. vulgaris dominated blanket bog within
a UK grouse moor (C. vulgaris cover was
around 75%) before any burning or
mowing management has taken place.
Additional  plant  species included
Eriophorum spp. (10%), Sphagnum spp.
(5%), and other mosses (10%) (mainly
Hypnum  jutlandicum and Campylopus
flexuosus).
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Definitions continued
Photos of burning and mowing management within a UK grouse moor’

A series of pictures taken during
vegetation surveys using 1x1 m quadrats
within a mown area of blanket bog (from
top left to bottom right: pre-management;
< 1-year post-management; 4 years post-
management; 8 years post-management).
Note the brash layer in the top photo taken
shortly after mowing and the quick re-
growth of sedges (E. vaginatum) at 4 and
8 years post-management.

A series of pictures taken during
vegetation surveys using a 1x1 m
quadrats within a burnt area of blanket
bog (from top left to bottom right: pre-
management; < 1-year post-management;
4 years post-management; 8 years post-
management). Note the exposed
Sphagnum layer (mostly S. capillifolium)
in the top right photo taken shortly after
burning showing some fire damage and
the quick re-growth of a Sphagnum
carpet with less sedge (E. vaginatum)
dominance at 4 and 8 years post-
management.

! Blanket bog definition taken from Miller et al. (1966), Palmer and Bacon (2001), Tharme et al. (2001), Buchanan et al.
(2006), Allen et al. (2016) and Sotherton et al. (2017).

2 Grouse moor management definition taken from Lindsay (2010) and INCC (2011).

3 The photos of grouse moor management were taken between 2012 and 2020 by A. Heinemeyer at the Mossdale site
(North Yorkshire, England) used within the Peatland-ES-UK experiment (Heinemeyer et al. 2019c¢).

@ Springer



56 Page 18 of 22

Wetlands (2021) 41: 56

Code Availability Not applicable.

Author Contributions MA and AH conceived the paper; MA wrote the
first draft of the manuscript. Both authors revised the manuscript and gave
final approval for submission.

Funding MA received no funding for this work. AH received no direct
outside funding for this work, which was supported from internal publi-
cation funding from the Stockholm Environment Institute for writing a
direct response to the [IUCN UK PP publication.

Data Availability Not applicable.

Declarations

Ethics Approval Not applicable.

Consent to Participate Not applicable.

Consent for Publication MA, AH and their respective institutions fully
consent to the publication of this manuscript.

Conflicts of Interest MA has provided independent ecological advice
and evidence synthesis services to the Moorland Association since April
2019 and the Game & Wildlife Conservation Trust since October 2019.
AH has written this response independently during the time of a second
funding phase (in collaboration with MA) of the Peatland-ES-UK project.
In order to maintain full transparency regarding any perceivable conflicts
of interest, the author would like to acknowledge that phase two of the
Peatland-ES-UK project has received funding from several groups:
University of York; Natural Environmental Research Council; Natural
England; The Moorland Association; United Ultilities; Yorkshire Water
Services; The Yorkshire Wildlife Trust; Law Family Charitable
Foundation; The British Association for Shooting and Conservation.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Abdalla M, Hastings A, Truu J, Espenberg M, Mander U, Smith P (2016)
Emissions of methane from northern peatlands: a review of manage-
ment impacts and implications for future management options.
Ecology and Evolution 6:7080-7102

Acreman M, Holden J (2013) How wetlands affect floods. Wetlands 33:
773-786

Albertson K, Aylen J, Cavan G, McMorrow J (2009) Forecasting the
outbreak of moorland wildfires in the English Peak District.
Journal of Environmental Management 90:2642-2651

@ Springer

Albertson K, Aylen J, Cavan G, McMorrow J (2010) Climate change and
the future occurrence of moorland wildfires in the Peak District of
the UK. Climate Research 45:105-118

Alday JG, Santana VM, Lee H, Allen KA, Marrs RH (2015) Above-
ground biomass accumulation patterns in moorlands after prescribed
burning and low-intensity grazing. Perspectives in Plant Ecology,
Evolution and Systematics 17:388-396

Allen KA, Denelle P, Ruiz FMS, Santana VM, Marrs RH (2016)
Prescribed moorland burning meets good practice guidelines: a
monitoring case study using aerial photography in the Peak
District, UK. Ecological Indicators 62:76-85

Artz R, Evans C, Crosher I, Hancock M, Scott-Campbell M, Pilkington
M, Jones P, Chandler D, McBride A, Ross K, Weyl R (2019)
Update: the state of UK Peatlands. [UCN UK PP Commission of
Inquiry, Edinburgh, UK. Accessed at: https://www.iucn-uk-
peatlandprogramme.org/sites/default/files/2019-11/COI1%20State
of UK Peatlands.pdf

Ashby MA, Heinemeyer A (2019) Prescribed burning impacts on
ecosystem services in the British uplands: a methodological
critique of the EMBER project. Journal of Applied Ecology
00:1-9

Bacon K et al (2017) Questioning ten common assumptions about
peatlands. Mires and Peat 19:1-23

Baird AJ, Evans CD, Mills R, Morris PJ, Page SE, Peacock M, Reed M,
Robroek BJM, Stoneman R, Swindles GT, Thom T, Waddington
IM, Young DM (2019) Validity of managing peatlands with fire.
Nature Geoscience 12:884-885

Balcombe P, Speirs JF, Brandon NP, Hawkes AD (2018) Methane emis-
sions: choosing the right climate metric and time horizon.
Environmental Science: Processes & Impacts 20:1323—-1339

BASC & Moorlands Association (2016) Briefing note — grouse moors
and flooding. The British Association for Shooting & Conservation,
Wrexham, UK. The Moorland Association, Leyburn, UK. Accessed
at: http://www.moorlandassociation.org/wp-content/uploads/2016/
01/Briefing-Note-Grouse-Moors-and-Flooding 1 .pdf

Bennett EM, Peterson GD, Gordon LJ (2009) Understanding relation-
ships among multiple ecosystem services. Ecology Letters 12:
1394-1404

Brown LE, Holden J (2020) Contextualising UK moorland burning stud-
ies with geographical variables and sponsor identity. Journal of
Applied Ecology 00:1-11

Brown LE, Johnston K, Palmer SM, Aspray KL, Holden J (2013) River
ecosystem response to prescribed vegetation burning on blanket
peatland. PLoS One 8:¢81023

Brown LE, Holden J, Palmer SM (2014) Effects of moorland burning on
the ecohydrology of river basins. Key Findings from the EMBER
project. University of Leeds, Leeds

Brown LE, Palmer SM, Johnston K, Holden J (2015) Vegetation man-
agement with fire modifies peatland soil thermal regime. Journal of
Environmental Management 154:166—-176

Buchanan GM, Grant MC, Sanderson RA, Pearce-Higgins JW (2006)
The contribution of invertebrate taxa to moorland bird diets and
the potential implications of land-use management. Ibis 148:615—
628

Buchanan GM, Pearce-Higgins JW, Douglas DJT, Grant MC (2017)
Quantifying the importance of multi-scale management and envi-
ronmental variables on moorland bird abundance. Ibis 159:744-756

Carroll MJ, Heinemeyer A, Pearce-Higgins JW, Dennis P, West C,
Holden J, Wallage ZE, Thomas CD (2015) Hydrologically driven
ecosystem processes determine the distribution and persistence of
ecosystem-specialist predators under climate change. Nature
Communications 6:7851

Chambers FM, Crowle A, Daniell J, Mauquoy D, McCarroll J, Sanderson
N, Thom T, Toms P, Webb J, 1 Centre for Environmental Change
and Quaternary Research (CECQR), School of Natural and Social
Sciences, University of Gloucestershire, Cheltenham, UK (2017)


https://www.iucn-uk-peatlandprogramme.org/sites/default/files/2019-11/COI%20State_of_UK_Peatlands.pdf
https://www.iucn-uk-peatlandprogramme.org/sites/default/files/2019-11/COI%20State_of_UK_Peatlands.pdf
https://www.iucn-uk-peatlandprogramme.org/sites/default/files/2019-11/COI%20State_of_UK_Peatlands.pdf
https://www.iucn-uk-peatlandprogramme.org/sites/default/files/2019-11/COI%20State_of_UK_Peatlands.pdf
http://www.moorlandassociation.org/wp-content/uploads/2016/01/Briefing-Note-Grouse-Moors-and-Flooding1.pdf
http://www.moorlandassociation.org/wp-content/uploads/2016/01/Briefing-Note-Grouse-Moors-and-Flooding1.pdf

Wetlands (2021) 41: 56

Page 19 of 22 56

Ascertaining the nature and timing of mire degradation: using pa-
lacoecology to assist future conservation management in northern
England. AIMS Environmental Science 4:54-82

Clutterbuck B, Lindsay R, Chico G, Clough J (2020) Hard Hill experi-
mental plots on Moor House — Upper Teesdale National Nature
Reserve. A review of the experimental set up. Natural England
Commissioned Report No321

Clymo RS et al (1984) Sphagnum-dominated peat bog: a naturally acid
ecosystem. Philosophical Transactions of the Royal Society of
London B, Biological Sciences 305:487—499

Cooper MDA, Evans CD, Zielinski P, Levy PE, Gray A, Peacock M,
Norris D, Fenner N, Freeman C (2014) Infilled ditches are hotspots
of landscape methane flux following Peatland re-wetting.
Ecosystems 17:1227-1241

Cris R, Buckmaster S, Bain C, Bonn A (eds) (2011) UK Peatland resto-
ration — demonstrating success. [IUCN UK National Committee
Peatland Programme. IUCN UK National Committee Peatland
Programme, Edinburgh

Daniels RE, Eddy A (1985) Handbook of European Sphagna. Institute of
Terrestrial Ecology, Natural Environment Research Council.
Cambrian News, Aberystwyth

Davidson SJ, Van Beest C, Petrone R, Strack M (2019) Wildfire over-
rides hydrological controls on boreal peatland methane emissions.
Biogeosciences 16:2651-2660

Davies GM, Gray A (2015) Don’t let spurious accusations of
pseudoreplication limit our ability to learn from natural experiments
(and other messy kinds of ecological monitoring). Ecology and
Evolution 5:5295-5304

Davies GM, Legg CJ (2011) Fuel moisture thresholds in the flammability
of Calluna vulgaris. Fire Technology 47:421-436

Davies GM, Legg CJ, O’Hara R, MacDonald AJ, Smith AA (2010a)
Winter desiccation and rapid changes in the live fuel moisture con-
tent of Calluna vulgaris. Plant Ecology and Diversity 3:289-299

Davies GM, Smith AA, MacDonald AJ, Bakker JD, Legg CJ (2010b)
Fire intensity, fire severity and ecosystem response in heathlands:
factors affecting the regeneration of Calluna vulgaris. Journal of
Applied Ecology 47:356-365

Davies GM, Domeénech R, Gray A, Johnson PCD (2016a) Vegetation
structure and fire weather influence variation in burn severity and
fuel consumption during peatland wildfires. Biogeosciences 13:
389-398

Davies GM, Kettridge N, Stoof CR, Gray A, Ascoli D, Fernandes PM,
Marrs R, Allen KA, Doerr SH, Clay GD, McMorrow J, Vandvik V
(2016b) The role of fire in UK peatland and moorland management:
the need for informed, unbiased debate. Philosophical Transactions
of the Royal Society B 371:20150342

DEFRA (2007) The heather and grass burning code (2007 Version). The
Department for Environment Food and Rural Affairs, London

Douglas DJ, Beresford A, Selvidge J, Garnett S, Buchanan GM, Gullett
P, Grant MC (2017) Changes in upland bird abundances show as-
sociations with moorland management. Bird Study 64:242-254

Egilman DS (2013) The importance of scientific debate. International
Journal of Occupational and Environmental Health 19:157-159

Ellis CJ (2008) Interactions between hydrology, burning and contrasting
plant groups during the millennial-scale development of sub-
montane wet heath. Journal of Vegetation Science 19:693-704

Evans C et al (2017) Implementation of an emission inventory for UK
peatlands. Report to the Department for Business. Energy and
Industrial Strategy. Centre for Ecology and Hydrology, Bangor

Evans CD et al (2019) Comment on: “Peatland carbon stocks and burn
history: Blanket bog peat core evidence highlights charcoal impacts
on peat physical properties and long-term carbon storage,” by A.
Heinemeyer, Q. Asena, W. L. Burn and A. L. Jones (Geo:
Geography and Environment 2018; €00063). Geo: Geography and
Environment 6:¢00075

Fenner N, Freeman C (2020) Woody litter protects peat carbon stocks
during drought. Nature Climate Change 10(4):363-369

Flanagan NE, Wang H, Winton S, Richardson CJ (2020) Low-severity
fire as a mechanism of organic matter protection in global peatlands:
thermal alteration slows decomposition. Global Change Biology 26:
3930-3946

Franga F, Louzada J, Korasaki V, Griffiths H, Silveira JM, Barlow J
(2016) Do space-for-time assessments underestimate the impacts
of logging on tropical biodiversity? An Amazonian case study using
dung beetles. Journal of Applied Ecology 53:1098-1105

Fyfe RM, Woodbridge J (2012) Differences in time and space in vegeta-
tion patterning: analysis of pollen data from Dartmoor, UK.
Landscape Ecology 27:745-760

Fyfe R, Brown A, Rippon S (2003) Mid-to late-Holocene vegetation
history of greater Exmoor, UK: estimating the spatial extent of
human-induced vegetation change. Vegetation History and
Archaeobotany 12:215-232

Fyfe RM, Ombashi H, Davies HJ, Head K (2018) Quantified moorland
vegetation and assessment of the role of burning over the past five
millennia. Journal of Vegetation Science 29:393—403

Garnett M, Ineson P, Stevenson A (2000) Effects of burning and grazing
on carbon sequestration in a Pennine blanket bog, UK. The
Holocene 10:729-736

Gillingham P, Stewart J, Binney H (2016) The historic peat record: im-
plications for the restoration of blanket bog. Natural England
Evidence Review NEERO1 1, Peterborough

Glaves D, Morecroft M, Fitzgibbon C, Owen M, Phillips SK, Leppitt P
(2013) The effects of managed burning on upland peatland biodi-
versity, carbon and water. Natural England Evidence Review
NEER004, Peterborough

Gorham E (1957) The development of PeatLands. The Quarterly Review
of Biology 32:145-166

Grau-Andrés R, Gray A, Davies GM (2017) Sphagnum abundance and
photosynthetic capacity show rapid short-term recovery following
managed burning. Plant Ecology and Diversity 10:353-359

Grau-Andrés R, Davies GM, Gray A, Scott EM, Waldron S (2018) Fire
severity is more sensitive to low fuel moisture content on Calluna
heathlands than on peat bogs. The Science of the Total Environment
616:1261-1269

Grau-Andrés R, Davies GM, Waldron S, Scott EM, Gray A (2019a)
Increased fire severity alters initial vegetation regeneration across
Calluna-dominated ecosystems. Journal of Environmental
Management 231:1004-1011

Grau-Andrés R, Gray A, Davies GM, Scott EM, Waldron S (2019b)
Burning increases post-fire carbon emissions in a heathland and a
raised bog, but experimental manipulation of fire severity has no
effect. Journal of Environmental Management 233:321-328

Gray A, Davies GM, Domeénech R, Taylor E, Levy PE (2020) Peatland
wildfire severity and post-fire gaseous carbon fluxes. Ecosystems
00:1-13

Harper AR, Doerr SH, Santin C, Froyd CA, Sinnadurai P (2018)
Prescribed fire and its impacts on ecosystem services in the UK.
The Science of the Total Environment 624:691-703

Heinemeyer A, Swindles GT (2018) Unraveling past impacts of climate
change and land management on historic peatland development
using proxy-based reconstruction, monitoring data and process
modeling. Global Change Biology 24:4131-4142

Heinemeyer A, Croft S, Garnett MH, Gloor E, Holden J, Lomas MR,
Ineson P (2010) The MILLENNIA peat cohort model: predicting
past, present and future soil carbon budgets and fluxes under chang-
ing climates in peatlands. Climate Research 45:207-226

Heinemeyer A, Asena Q, Burn WL, Jones AL (2018) Peatland carbon
stocks and burn history: blanket bog peat core evidence highlights
charcoal impacts on peat physical properties and long-term carbon
storage. Geo: Geography and Environment 5:¢00063

@ Springer



56 Page 20 of 22

Wetlands (2021) 41: 56

Heinemeyer A, Berry R, Sloan TJ (2019a) Assessing soil compaction and
micro-topography impacts of alternative heather cutting as com-
pared to burning as part of grouse moor management on blanket
bog. Peerj 7:¢7298

Heinemeyer A, Burn WL, Asena Q, Jones AL, Ashby MA (2019b)
Response to: Comment on “Peatland carbon stocks and burn histo-
ry: Blanket bog peat core evidence highlights charcoal impacts on
peat physical properties and long-term carbon storage” by Evans
et al. (Geo: Geography and Environment 2019; e00075). Geo:
Geography and Environment 6:¢00078

Heinemeyer A et al. (2019c) Restoration of heather-dominated blan-
ket bog vegetation on grouse moors for biodiversity, carbon
storage, greenhouse gas emissions and water regulation: com-
paring burning to alternative mowing and uncut management
(appendix by Richard Lindsay). Final report to Defra on project
BD5104 Stockholm Environment Institute at the University of
York, York, UK

Hobbs RJ, Gimingham CH (1984) Studies on fire in Scottish heathland
communities: I. Fire Characteristics. Journal of Ecology 72:223-240

Hodgkins, SB, Richardson, CJ, Dommain, R, Wang, H, Glaser, PH,
Verbeke, B., Winkler, B.R., Cobb, AR, Rich, VI, Missilmani, M
and Flanagan, N (2018) Tropical peatland carbon storage linked to
global latitudinal trends in peat recalcitrance. Nature
Communications, 9(1):1-13

Holden J, Burt TP (2003) Runoff production in blanket peat covered
catchments. Water Resources Research 39(7):1191

Holden J, Chapman PJ, Labadz JC (2004) Artificial drainage of
peatlands: hydrological and hydrochemical process and wetland res-
toration. Progress in Physical Geography: Earth and Environment
28(1):95-123

Holden J, Evans MG, Burt TP, Horton M (2006) Impact of land drainage
on Peatland hydrology. Journal of Environmental Quality 35:1764—
1778

Holden J, Kirkby MJ, Lane SN, Milledge DG, Brookes CJ, Holden V,
McDonald AT (2008) Overland flow velocity and roughness prop-
erties in peatlands. Water Resources Research 44:W06415

Holden J, Wallage ZE, Lane SN, McDonald AT (2011) Water table
dynamics in undisturbed, drained and restored blanket peat.
Journal of Hydrology 402:103-114

Holden J, Wearing C, Palmer S, Jackson B, Johnston K, Brown LE
(2014) Fire decreases near-surface hydraulic conductivity and
macropore flow in blanket peat. Hydrological Processes 28:2868—
2876

Holden J, Palmer SM, Johnston K, Wearing C, Irvine B, Brown LE
(2015) Impact of prescribed burning on blanket peat hydrology.
Water Resources Research 51:6472-6484

Holden J, Green SM, Baird AJ, Grayson RP, Dooling GP, Chapman PJ,
Evans CD, Peacock M, Swindles G (2017) The impact of ditch
blocking on the hydrological functioning of blanket peatlands.
Hydrological Processes 31:525-539

Holling CS (1978) Adaptive environmental assessment and management.
John Wiley & Sons, Chichester

Huang X, Rein G (2017) Downward spread of smouldering peat fire: the
role of moisture, density and oxygen supply international. Journal of
Wildland Fire 26:907-918

Ingram HAP (1978) Soil layers in mires: function and terminology.
Journal of Soil Science 29:224-227

IUCN (2020) International Union for Conservation of Nature UK
Peatland Programme: Burning & Peatlands Position Paper.
Version 2, 31st March, 2020. IUCN, Edinburgh, UK. Accessed at:
https://www.iucn-uk-peatlandprogramme.org/sites/default/files/
2020-03/IUCN%20UK%20PP%20Burning%20and%
20Peatlands%20Position%20Paper%202020%20Update.pdf

JNCC (2006) Common Standards Monitoring for Designated Sites: 2006
Report. Joint nature conservation committee, Peterborough, UK

@ Springer

JNCC (2009) Common standards monitoring guidance for upland habi-
tats. Joint Nature Conservation Committee, Peterborough, UK
JNCC (2011) UK biodiversity action plan — priority habitat descriptions.
Joint Nature Conservation Committee, Peterborough, UK

Johnston K, Robson B (2015) Experimental effects of ash deposition on
macroinvertebrate assemblages in peatland streams. Marine and
Freshwater Research 69:1681-1691

Kendon M, McCarthy M, Jevrejeva S, Matthews A, Legg T (2019) State
of the UK climate 2018. International Journal of Climatology 39:1—
55

Kettridge N, Turetsky MR, Sherwood JH, Thompson DK, Miller CA,
Benscoter BW, Flannigan MD, Wotton BM, Waddington JM
(2015) Moderate drop in water table increases peatland vulnerability
to post-fire regime shift. Scientific Reports-UK 5:8063

Labadz JC, Hart RG, Butcher DP (2007) Peatland hydrology research
project: Bolton fell Moss (NGR NY489690) and Walton Moss
(NGR NY489690): Progress report to Natural England.
Nottingham Trent University, Nottingham

Lee H, Alday JG, Rose RJ, O’Reilly J, Marrs RH (2013a) Long-term
effects of rotational prescribed burning and low-intensity sheep
grazing on blanket-bog plant communities. Journal of Applied
Ecology 50:625-635

Lee H, Alday JG, Rosenburgh A, Harris M, McAllister H, Marrs RH
(2013b) Change in propagule banks during prescribed burning: a
tale of two contrasting moorlands. Biological Conservation 165:
187-197

Leifeld J, Menichetti L (2018) The underappreciated potential of
peatlands in global climate change mitigation strategies. Nature
Communications 9(1):1-7

Lindsay R (2010) Peatbogs and carbon: a critical synthesis to inform
policy development in oceanic peat bog conservation and restoration
in the context of climate change. Environmental Research Group,
University of East London, UK

Littlewood NA, Mason THE, Hughes M, Jaques R, Whittingham MJ,
Willis SG (2019) The influence of different aspects of grouse moor-
land management on nontarget bird assemblages. Ecology and
Evolution 9:11089-11101

Ludwig SC, Roos S, Bubb D, Baines D (2017) Long-term trends in
abundance and breeding success of red grouse and hen harriers in
relation to changing management of a Scottish grouse moor.
Wildlife Biology wlb.00246

Ludwig SC, Aebischer NJ, Bubb D, Richardson M, Roos S, Wilson JD,
Baines D (2018) Population responses of red grouse Lagopus
lagopus scotica to expansion of heather Calluna vulgaris cover on
a Scottish grouse moor. Avian Conservation and Ecology 13(2):1—
22

Luscombe DJ, Anderson K, Grand-Clement E, Gatis N, Ashe J, Benaud
P, Smith D, Brazier RE (2016) How does drainage alter the hydrol-
ogy of shallow degraded peatlands across multiple spatial scales? J
Hydrol 541:1329-1339

Marrs RH, Rawes M, Robinson JS, Poppitt SD (1986) Long-term studies
of vegetation change at moor house NNR: guide to recording
methods and the database, 3rd edn. Institute of Terrestrial
Ecology, Grange-Over-Sands

Marrs RH, Marsland EL, Lingard R, Appleby PG, Piliposyan GT, Rose
RJ, O’Reilly J, Milligan G, Allen KA, Alday JG, Santana V, Lee H,
Halsall K, Chiverrell RC (2019a) Experimental evidence for
sustained carbon sequestration in fire-managed, peat moorlands.
Nature Geoscience 12:108-112

Marrs RH, Marsland EL, Lingard R, Appleby PG, Piliposyan GT, Rose
RJ, O’Reilly J, Milligan G, Allen KA, Alday JG, Santana V, Lee H,
Halsall K, Chiverrell RC (2019b) Reply to: validity of managing
peatlands with fire. Nature Geoscience 12:886-888

McCarroll J, Chambers FM, Webb JC, Thom T (2016a) Informing inno-
vative peatland conservation in light of palacoecological evidence


https://www.iucn-uk-peatlandprogramme.org/sites/default/files/2020-03/IUCN%20UK%20PP%20Burning%20and%20Peatlands%20Position%20Paper%202020%20Update.pdf
https://www.iucn-uk-peatlandprogramme.org/sites/default/files/2020-03/IUCN%20UK%20PP%20Burning%20and%20Peatlands%20Position%20Paper%202020%20Update.pdf
https://www.iucn-uk-peatlandprogramme.org/sites/default/files/2020-03/IUCN%20UK%20PP%20Burning%20and%20Peatlands%20Position%20Paper%202020%20Update.pdf

Wetlands (2021) 41: 56

Page 21 of 22 56

for the demise of Sphagnum imbricatum: the case of Oxenhope
moor, Yorkshire, UK. Mires and Peat 18:1-24

McCarroll J, Chambers FM, Webb JC, Thom T (2016b) Using palaco-
ecology to advise peatland conservation: an example from west
Arkengarthdale, Yorkshire, UK. Journal for Nature Conservation
30:90-102

McCarroll J, Chambers FM, Webb JC, Thom T (2017) Application of
palaecoecology for peatland conservation at Mossdale moor, UK.
Quaternary International 432:39-47

Met Office (2019) UK Climate Projections: Headline Findings. Version
2. September 2019. Met Office Hadley Centre, Exeter, UK

Miller G, Jenkins D, Watson A (1966) Heather performance and red
grouse populations. I. Visual estimates of heather performance.
Journal of Applied Ecology 3:313-326

Milligan G, Rose RJ, O’Reilly J, Marrs RH (2018) Effects of rotational
prescribed burning and sheep grazing on moorland plant communi-
ties: results from a 60-year intervention experiment. Land
Degradation and Development 29:1397-1412

Moorlands Association and Heather Trust (2015) Peatland restoration:
landowners rising to the challenge. The Moorland Association,
Leyburn, UK. The Heather Trust, Lockerbie, UK. Accessed at:
http://www.moorlandassociation.org/wp-content/uploads/2015/03/
Peatland-Restoration-Landowners-rising-to-the-challenge.pdf

Morton PA, Heinemeyer A (2019) Bog breathing: the extent of peat
shrinkage and expansion on blanket bogs in relation to water table,
heather management and dominant vegetation and its implications
for carbon stock assessments. Wetlands Ecology and Management
27:467-482

Natural England (2019) Burning as a tool for the restoration of upland
blanket bog: position Statement from Natural England (UPSO1).
Natural England, Peterborough, UK

Neubauer SC, Megonigal JP (2015) Moving beyond global warming
potentials to quantify the climatic role of ecosystems. Ecosystems
18:1000-1013

Noble A, Palmer SM, Glaves DJ, Crowle A, Holden J (2017)
Impacts of peat bulk density, ash deposition and rainwater
chemistry on establishment of peatland mosses. Plant and
Soil 419:41-52

Noble A, O’Reilly J, Glaves DJ, Crowle A, Palmer SM, Holden J (2018a)
Impacts of prescribed burning on Sphagnum mosses in a long-term
peatland field experiment. PLoS One 13:¢0206320

Noble A, Palmer SM, Glaves DJ, Crowle A, Brown LE, Holden J
(2018b) Prescribed burning, atmospheric pollution and grazing ef-
fects on peatland vegetation composition. Journal of Applied
Ecology 55:559-569

Noble A, Crowle A, Glaves DJ, Palmer SM, Holden J (2019a) Fire
temperatures and Sphagnum damage during prescribed burning on
peatlands. Ecological Indicators 103:471-478

Noble A, Palmer SM, Glaves DJ, Crowle A, Holden J (2019b) Peatland
vegetation change and establishment of re-introduced Sphagnum
moss after prescribed burning. Biodiversity and Conservation 28:
939-952

Palmer S, Bacon P (2001) The utilization of heather moorland by territo-
rial red grouse Lagopus lagopus scoticus. Ibis 143:222-232

Peacock M, Jones TG, Futter MN, Freeman C, Gough R, Baird AJ, Green
SM, Chapman PJ, Holden J, Evans CD (2018) Peatland ditch
blocking has no effect on dissolved organic matter (DOM) quality.
Hydrological Processes 32:3891-3906

Peterson M (2007) The precautionary principle should not be used as a
basis for decision-making. Talking point on the precautionary prin-
ciple. EMBO Reports 8:305-308

Piilo SR, Zhang H, Garneau M, Gallego-Sala A, Amesbury MJ, Viliranta
MM (2019) Recent peat and carbon accumulation following the
little ice age in northwestern Québec, Canada. Environmental
Research Letters 14:075002

Power AG (2010) Ecosystem services and agriculture: tradeoffs and syn-
ergies. Philosophical Transactions of the Royal Society B 365:
2959-2971

Prat-Guitart N, Rein G, Hadden RM, Belcher CM, Yearsley JM (2016)
Effects of spatial heterogeneity in moisture content on the horizontal
spread of peat fires. Science of the Total Environment 572:1422—
1430

Ramchunder SJ, Brown LE, Holden J (2013) Rotational vegetation burn-
ing effects on peatland stream ecosystems. Journal of Applied
Ecology 50:636-648

Robertson GS, Newborn D, Richardson M, Baines D (2017) Does rota-
tional heather burning increase red grouse abundance and breeding
success on moors in northern England? Wildlife Biology
wlb.00276:1-12

Rollins MS, Cohen AD, Durig JR (1993) Effects of fires on the chemical
and petrographic composition of peat in the Snuggedy Swamp,
South Carolina. Int J Coal Geol 22(2):101-117

Roslev P, King GM (1996) Regulation of methane oxidation in a fresh-
water wetland by water table changes and anoxia. FEMS
Microbiology Ecology 19(2):105-115

Shepherd M, Labadz J, Caporn S, Crowle A, Goodison R, Rebane M,
Waters R (2013) Restoration of degraded blanket bog. Natural
England Evidence Review NEER003, Peterborough

Simmons IG (2003) The moorlands of England and Wales an environ-
mental history, 8000 BC-AD 2000. Edinburgh University Press,
Edinburgh

Smokorowski K, Randall R (2017) Cautions on using the before-after-
control-impact design in environmental effects monitoring pro-
grams. Facets 2:212-232

Sotherton N, Baines D, Aebischer NJ (2017) An alternative view of
moorland management for red grouse Lagopus lagopus scotica.
Ibis 159:693-698

Swindles GT, Morris PJ, Mullan DJ, Payne RJ, Roland TP, Amesbury
MJ, Lamentowicz M, Turner TE, Gallego-Sala A, Sim T, Barr ID,
Blaauw M, Blundell A, Chambers FM, Charman DJ, Feurdean A,
Galloway JM, Gatka M, Green SM, Kajukato K, Karofeld E,
Korhola A, Lamentowicz £, Langdon P, Marcisz K, Mauquoy D,
Mazei YA, McKeown MM, Mitchell EAD, Novenko E, Plunkett G,
Roe HM, Schoning K, Sillasoo U, Tsyganov AN, van der Linden M,
Viliranta M, Warner B (2019) Widespread drying of European
peatlands in recent centuries. Nature Geoscience 12:922-928

Taylor ES (2015) Impact of fire on blanket bogs: implications for vege-
tation and the carbon cycle. PhD Thesis, University of Edinburgh,
Edinbirgh, UK

Thacker J, Yallop AR, Clutterbuck B (2014) IPENS 055. Burning in the
English uplands: a review, reconciliation and comparison of results
of Natural England’s burn monitoring: 2005-2014. Natural
England, Peterborough, UK

Tharme A, Green R, Baines D, Bainbridge I, O’brien M (2001) The effect
of management for red grouse shooting on the population density of
breeding birds on heather-dominated moorland. Journal of Applied
Ecology 38:439-457

Thompson PS, Douglas DJ, Hoccom DG, Knott J, Roos S, Wilson JD
(2016) Environmental impacts of high-output driven shooting of red
grouse Lagopus lagopus scotica. Ibis 158:446—452

Tucker G (2003) Review of the impacts of heather and grassland burning
in the uplands on soils, hydrology and biodiversity. English nature
research report no. 550. English Nature, Peterborough

Turetsky MR, Benscoter B, Page S, Rein G, van der Werf GR, Watts A
(2015) Global vulnerability of peatlands to fire and carbon loss. Nat
Geosci 8(1):11-14

Turner TE, Swindles GT (2012) Ecology of testate amoebae in moorland
with a complex fire history: implications for ecosystem monitoring
and sustainable land management. Protist 163:844-855

Uplands Management Group (2017) MoorLIFE 2020: Blanket bog land
management guidance. Moors for the future partnership, Edale, UK.

@ Springer


http://www.moorlandassociation.org/wp-content/uploads/2015/03/Peatland-Restoration-Landowners-rising-to-the-challenge.pdf
http://www.moorlandassociation.org/wp-content/uploads/2015/03/Peatland-Restoration-Landowners-rising-to-the-challenge.pdf

56 Page 22 of 22

Wetlands (2021) 41: 56

Accessed at: https://www.moorsforthefuture.org.uk/our-work/our-
projects/moorlife2020/conservation-works/blanket-bog-land-
management-guidance

van Breemen N (1995) How Sphagnum bogs down other plants. Trends
in Ecology & Evolution 10:270-275

Vanselow-Algan M, Schmidt SR, Greven M, Fiencke C, Kutzbach L,
Pfeiffer EM (2015) High methane emissions dominated annual
greenhouse gas balances 30 years after bog rewetting.
Biogeosciences 12:4361-4371

Vlek C (2010) Judicious management of uncertain risks: I. Developments
and criticisms of risk analysis and precautionary reasoning. Journal
of Risk Research 13:517-543

Whitehead SC, Baines D (2018) Moorland vegetation responses follow-
ing prescribed burning on blanket peat. International Journal of
Wildland Fire 27:658-664

@ Springer

Wild Justice (2019) Wild Justice and 25 others on moorland burning.
wildjustice.org.uk. https://wildjustice.org.uk/general/wild-justice-
and-25-others-on-moorland-burning/. Accessed 05/11/2019 2019

Wilson L, Wilson J, Holden J, Johnstone I, Armstrong A, Morris M
(2010) Recovery of water tables in Welsh blanket bog after drain
blocking: discharge rates, time scales and the influence of local
conditions. J Hydrol 391(3-4):377-386

Young DM, Baird AJ, Charman DJ, Evans CD, Gallego-Sala AV, Gill
PJ, Hughes PDM, Morris PJ, Swindles GT (2019) Misinterpreting
carbon accumulation rates in records from near-surface peat.
Scientific Reports-UK 9:17939

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.


https://www.moorsforthefuture.org.uk/our-work/our-projects/moorlife2020/conservation-works/blanket-bog-land-management-guidance
https://www.moorsforthefuture.org.uk/our-work/our-projects/moorlife2020/conservation-works/blanket-bog-land-management-guidance
https://www.moorsforthefuture.org.uk/our-work/our-projects/moorlife2020/conservation-works/blanket-bog-land-management-guidance
http://wildjustice.org.uk
https://wildjustice.org.uk/general/wild-justice-and-25-others-on-moorland-burning/
https://wildjustice.org.uk/general/wild-justice-and-25-others-on-moorland-burning/

	A Critical Review of the IUCN UK Peatland Programme’s “Burning and Peatlands” Position Statement
	Abstract
	Introduction
	A Point-by-Point Critical Review of the IUCN “Burning and Peatlands” Document
	Additional Concerns about the Simplified Narrative
	Spatiotemporal Resolution
	Evidence Reliability
	The Application of the Precautionary Principle

	Conclusions
	Appendix
	References


