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32

33 Abstract

34 1. Calluna vulgaris is often managed in the UK by rotational burning, but this practice has

35 recently been banned on peat with depth greater than 30-40 cm. It is unclear how then to
36 manage the large areas of Calluna on blanket bogs used for sport shooting because without
37 managed burning, fuel loads and wildfire risk will increase as the Calluna ages within the
38 artificially narrow age distributions created by burn management.

39 2. We developed a model of Calluna mortality and management to understand duration and
40 persistence of post-management effects. This allows us to assess how long it will take to

41 reach a more natural age structure which would allow increased diversity if management

42 ceases.
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43 3. Our results show that management effects persist for around 50 years depending on site-
44 specific mortality rates. Active management may therefore be needed either to mitigate the
45 elevated risk of severe wildfire or to speed up this transition.

46 4. Some studies have employed, as unmanaged analogues, Calluna stands that were last

47 managed <50 years ago, but such studies may have unintentionally biased their results by
48 observing Calluna still in post-management recovery leading to an over-estimation of

49 wildfire risk associated with more natural blanket bogs.

50 5. Synthesis and applications: with the banning of burning as a management tool for Calluna on
51 deep peat, alternative management is now likely needed as our model shows it could take
52 around 50 years for the Calluna to reach a more natural age distribution. Mowing can

53 replicate some of the effects of managed burning but requires repeated intervention and

54 may compress the peat surface from repeated machine tracking. Rewetting and Sphagnum
55 reintroduction may offer a more sustainable management approach to lowering Calluna fuel
56 loads and reducing severe wildfire risk by creating wetter sub-optimal conditions for Calluna
57 growth and thereby altering the competitive balance between Sphagnum and Calluna.

58 Further work is needed to assess the efficacy of rewetting in controlling fuel loads and how
59 this varies with climate and local pressures. More broadly, this work highlights the need to
60 quantify the persistence of past management regimes to understand ecological trajectories.
61
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66  Peatland vegetation in the UK has been managed using fire in order to improve grazing conditions for
67 centuries including to aid the removal of natural tree cover in the uplands (Davies et al., 2016). Use
68  of managed fire increased with the process of enclosure, a legislative mechanism where many UK

69  uplands were removed from a common ownership that came with self-negotiated rights and

70 responsibilities amongst residents, to be replaced by private ownership and investment (Ritson and
71 Lindsay, 2023). This change in management was often accompanied by increased liming and drainage
72 to lower the water table and raise the pH of the peat, making the land more suitable for agriculture
73  (Rennie et al., 1794). These processes, combined with the diffuse effects of pollution from the

74  industrial revolution, led to widespread changes in vegetation across upland landscapes, particularly
75  ageneral expansion of Calluna vulgaris (Holden et al., 2007) and the creation of the cultural

76 landscapes seen on much of UK blanket bogs today. Whilst originally these management practices

77  were undertaken to increase the capacity for sheep grazing, throughout the 19th century the rise in
78  popularity of sport shooting of grouse (Lagopus scotica) led to a focus on increasing grouse numbers
79 by promoting Calluna dominance as the significant driver of management in many UK upland

80 environments (Moss 1904), though it should be noted that Calluna has dominated in many UK

81  blanket bogs for hundreds of years at a time in the palaeoecological record (Chambers 1982,

82 Chamber 1983, Chambers 2022, Webb et al. 2022, McCarroll et al. 2016)

83  The commonly used description Calluna growth strategy was given by Watt (1955), who described a
84  30-year life cycle divided into pioneer, building, mature and degenerate phases. In the pioneer

85  phase, the young Calluna does not form a closed canopy and is interspersed with other plants. In the
86  building phase the canopy closes, excluding nearly all light to the understory. In the mature phase,
87  growth slows and gaps in the canopy form, before Calluna becomes ‘degenerate’, slowly collapsing
88  and dying. The goal of management of Calluna has often been to truncate this lifecycle, preventing
89  plants from reaching the degenerate stage and continuing Calluna dominance in perpetuity (Leslie,

90  1911).


https://doi.org/10.64898/2026.05.12.724511
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.64898/2026.05.12.724511; this version posted May 14, 2026. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY 4.0 International license.

91  Grouse management favours a patchwork of differing even-aged Calluna stands which provide both
92  nesting cover and young shoots for food. This has often been achieved by burning patches of Calluna
93  ona 15-to-25-year cycle. Early land managers favoured ‘back burning’, where the fire moves slowly
94 and removes all vegetation (Leslie, 1911), whereas more recently ‘cool burns’ have been promoted
95 as a means of burning only the Calluna canopy and leaving the bryophyte understory intact (Heather
96  and Grass Burning Code (Defra, 2007)). Even though this modified form of burning management aims
97  to preserve the understory vegetation, it has been deemed as potentially damaging to the peat
98 (Noble et al. 2025). Consequently the UK Government has now banned burning on peat 30 cm deep
99  or more in England, while the Scottish Government will, from autumn 2026, no longer permit

100  burning on peat of 40+ cm depth for the purposes of sport - i.e. grouse shooting (Defra 2025;

101  Wildlife Management and Muirburn (Scotland) Act 2024). This means that while managed burning

102  can still be used on heaths with shallow organic soils, it will be banned on blanket bogs, the focus of

103  our study, where it had previously been employed in the UK.

104  The potential cessation of burning as a management practice across much of the UK blanket bogs
105 raises an important question about how land will be managed in the future if sheep grazing and

106  grouse shooting continue to be the dominant economic drivers, particularly as ageing Calluna stands
107  are associated with increased fuel loads and consequent wildfire risk (Allen et al. 2013). Options

108 include the replacement of burning with mowing of Calluna, management away from Calluna

109 dominance through rewetting and Sphagnum reintroduction, or the complete cessation of

110  management in a ‘rewilding’ scenario.

111  Iftheland is to be kept in its current economic use (sheep grazing and grouse shooting) by land
112 managers, each of these potential management options has advantages and disadvantages.
113  Howeuver, given the extent and history of current Calluna management, it is difficult to assess
114  implications of each, given the timescales required to understand an anthropogenic ecosystem

115 currently managed on an approximately 15 to 25-year cycle. One approach currently employed is the
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116  use of chronosequences of Calluna of different ages at the same site as a proxy of what unmanaged
117 Calluna might look like (Davies and Legg, 2008, Harris et al. 2011, Heinemeyer et al. 2023). A

118  significant weakness with this approach is that it is unclear how long post-management disturbance
119  of Calluna persists, which therefore raises the question of whether these sites can be used as true
120 analogues of how the ecosystem would function in an unmanaged condition. Specifically, we do not
121 know what the end point is for unmanaged Calluna, nor indeed how long it might take to reach a
122 return to an unmanaged steady-state. Management by fire or cutting creates Calluna stands of a
123 narrow age distribution. This means that canopy closure across a given stand happens uniformly,
124  giving Calluna a strong competitive advantage and leading to lower vegetation diversity when the
125  Calluna canopy closes (Gimingham, 1972; Watt, 1955). Conversely, a Calluna stand in a natural state
126  should have plants in different age categories and different extents of canopy closure because young
127  and old plants would be interspersed (Watt, 1955). It is important in assessing existing evidence,
128  therefore, to establish whether previous studies have observed a truly unmanaged condition or

129  simply observed a later stage in post-management disturbance.

130  Analternative approach to informing a better understanding of management implications for Calluna
131  involves employing models of Calluna age structure. Previous attempts at modelling Calluna focused
132  onfuel-load accumulation (i.e. above-ground woody biomass) and the interaction between

133 management and wildfires (Allen et al. 2013). However, this model did not consider the effects on
134  the population if Calluna were to be released from management. Furthermore, Allen et al., (2013)
135  did not detail how they considered mortality in Calluna other than by fire, so they were unable to
136  assess realistic age distributions in long-burn rotations. For example, in their 50-year return period,
137  Allen et al.’s model shows ~30% of plants aged 50 years despite this age not being observed in field

138  observation studies (Forrest, 1971).

139  To explore Calluna age structure under different management scenarios on blanket bog and assess

140  the validity of previous work using chronosequences, we therefore sought to develop a model which
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141  considers natural Calluna mortality as well as management. This allows us to generate more realistic
142 age distributions within managed and unmanaged populations and thereby estimate how long post-
143  management disturbance persists and what age distributions might look like under different

144  management options. Such a model can shed a valuable light on previous studies which have used
145 Calluna stands at set times post-management as a proxy for an unmanaged condition. Furthermore,
146  using this model we can also assess how long Calluna would take to reach a stable statein a

147  rewilding scenario and therefore estimate over what timescale both fuel-load and severe wildfire risk

148  would likely be increasing in the absence of other interventions.

149  Our aim was therefore to a) to estimate the time taken to reach an unmanaged state after both
150  catastrophic wildfire and the cessation of management, and b) assess if previous work using

151  chronosequences of Calluna post-management were valid representations of an unmanaged state.

152

153 Materials and Methods

154 Here we present a model of Calluna population ageing that offers a means of assessing the
155 timescales required to move from a post-burn narrow distribution of age stand to a mixed-age stand

156  that could be considered to be ‘unmanaged’

157  Our model assumes a) that post-disturbance, such as fire or cutting on an area that was previously
158  dominated by Calluna, recovers rapidly through vegetative regrowth from stems and/or seedlings; b)
159  Calluna plants age and die based on the age-dependent mortality rates given by Forrest (1971); c)
160 that each dead Calluna plant is soon replaced by another living Calluna plant; and d) this cycle

161 repeats.

162  Assumption (a) is widely accepted, as this is the stated aim of Calluna management by fire and
163  cutting on grouse estates where cutting is used to mimic the effects of burning rather than for

164  conservation. Assumption (b), we believe, gives a more accurate representation of reality than
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165  previous models of Calluna age-distribution (Allen et al., 2013) that used limited mortality effects
166  and therefore had unrealistic age distributions for long burn rotations. However, our mortality rate is
167  dependent on age only, and does not account for environmental or climatic effects, which could

168  further influence mortality rates (Armstrong et al., 1997).

169  Whilst assumption (c) is possible (see Barclay-Estrup and Gimingham, 1969; Gimingham, 1972 for
170  discussion and photographs of pioneer Calluna emerging from degenerate Calluna), there can often
171  be potentially long periods (Gimingham, 1972) of either bare peat or periods where other vascular
172 plants encroach before Calluna can re-establish itself. Our model can replicate this effect by including
173  a “lag period” where no Calluna plant is present for a specified number of years after death or

174  management, as was adopted by Allen et al., (2013). The model uses mortality data from Sike Hill in
175  Moor House National Nature Reserve at an altitude of 550m. Growth rates are known to be

176  dependent on temperature and altitude and therefore these establishment periods may be longer in
177  more climatically challenging conditions (Armstrong et al., 1997). Grazing may also influence

178  mortality, particularly if the site is overgrazed (Moss 1989). To understand the sensitivity of our

179 results to these input data, we also analysed mortality rates between 25% lower and 25% higher
180  than those observed by Forrest (1971) in the main analysis, and much wider ranges in the

181  supplementary sensitivity analysis.

182  Assumption (d) does not hold on very long time scales (Gimingham, 1988; Marrs, 1986) because of
183  factors such as catastrophic events and long-term changes brought about by succession, climate
184  change, nutrient deposition, heather beetle (Lochmaea suturalis) or altered management. This is
185  particularly true of Calluna heaths, however our model concerns blanket bog as this is the habitat

186  where regulation has been updated to ban managed burning in the UK.

187  Multi-century periods of Calluna dominance at UK blanket bog sites has been shown in the
188 palaeoecological record (Chambers 1982, Chamber 1983, Chambers 2022, Webb et al. 2022,

189  McCarroll et al. 2016) so the conditions in our model are not without precedent. On timescales less
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190 than the wildfire return period (~150 years average in the UK (Davies et al., 2016)), it is plausible that
191  many stands of Calluna will persist for the timescale of our model, especially if grazing limits

192  succession to a treed landscape, as is often the case in UK uplands (Moss 1989). Furthermore, our
193 model’s purpose is not to predict accurately what a specific Calluna stand may look like at any given
194 moment in time, but rather to estimate the time taken for a stand released from management to
195 achieve a stable genuinely ‘unmanaged’ condition in the absence of other ecological disturbances. In
196 reality, some stands will never actually reach this point due to the potential for vegetative change or
197 disturbance brought about by other factors. We ran our model for double the average wildfire return
198  period to understand how persistent management or wildfire effects were in this context. Although
199  shorter periods would have more ecological grounding as succession would be much less likely, our
200  purpose was to understand if management or wildfire effects would still persist before the next

201  likely incidence of wildfire.

202  Our model takes a stand of 10,000 plants and ages each plant by a year at each time step. At each
203  annual time step, every plant in the stand has an age-dependent chance of dying based on the data
204  from Forrest (1971) by fitting an exponential relationship between age and mortality (Eq.1). When a
205 plant is one year old it has a 0.99% chance of dying, compared with a 100% chance by age 44 in the
206  central scenario with a mortality multiplier used to increase or decrease this rate in the sensitivity
207  analysis. If the plant dies in a given year, the age counter is reset to zero (unless a lag period is

208  specified). If the plant survives, it ages one year and the process repeats. Where a lag in

209  establishment is used, the age counter is reset to -4 (five-year lag period accounting for 0),

210  representing a gap in the Calluna cover until a positive number is reached.

211

212

213 Equation 1.

Mortality% = 0.0089. ¢0-1084-4g¢
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214

215  Calluna management was simulated in the model by resetting a proportion of the Calluna ages to
216  zero value (or -4 when accounting for a lag period), with the "burn amount” defining what

217  proportion was reset to zero and the “burn frequency” specifying at what frequency this occurred
218  (e.g. 6.66% reset to zero each year to simulate a 15-year prescribed burn return period). The

219  simulated stand would be divided into groups based on: number of plants / burn amount. The model
220  cycled through which group of plants would be reset at each time step, such that each plant would

221 be ‘burned’ once every 15 years, or whatever return period was specified.

222 We considered the time taken for a stand of Calluna to reach a stable distribution, either because no
223 management was applied or because management had ceased. At this point we consider the stand
224  to be of a mixed age as it no longer has an artificially narrow age distribution (Fig 1 A shows what we
225  term an even aged distribution which is artificially narrow, Fig 1 B shows a mixed age stand in a more
226  natural condition). We assessed this by analysing the age distribution of each year using the

227  Kolmogorov-Smirnov test and comparing this to the mean age distribution in the final 10 years of the
228  model run (years 291 to 300) for each scenario. Highly similar age distributions have a low

229  Kolmogorov's D statistic, whilst different age distributions have a high D statistic. P values are also
230  calculated, indicating statistically significant differences between age distributions. Thus, a similar
231  age distribution would have a low D statistic and high p value, while a statistically significant different
232 age distribution would have a high D statistic and low p value. P values were adjusted using the “BY”
233  method for multiple testing correction (Benjamini &Yekutieli, 2001). Other methods are explored in

234  the supplementary sensitivity analysis but were found to give broadly similar results.

235  We define a stable age distribution as the adjusted p value being less than 0.05 and for 10
236  consecutive years or more to ensure such a distribution is not transitory. This method gave similar
237  results to using the D statistic, assessing statistically similar distributions using p-values with various

238  types of corrections to control inflation of errors for multiple comparisons (Supplementary Figure 1).
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We defined a series of scenarios to assess ways in which Calluna reaches a stable distribution (see
Table 1). In the first scenario, no management is applied and we assessed how long it takes to reach a
stable distribution. This first scenario would be analogous to a large area recovering from wildfire or
other catastrophic event which affects all plants in the stand at the same time. In scenarios 2 to 4 we
ran the model starting from the end distribution in scenario 1 and applying management return
periods of 15, 20 and 25 years until a new stable distribution was reached. We then ceased

management and assessed how long it takes to achieve a new stable distribution.

Table 1: Model parameters for the different scenarios.

Scenario Time Start age | Management Burn Burn Burn Burn

period start end frequency | amount
(years) year year (%)

1 300 1 No n/a n/a - 0

2 300 natural Yes 1 100 Annually 6.66

3 300 natural Yes 1 100 Annually 5

4 300 natural Yes 1 100 Annually 4

Results
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255  Our results for four scenarios, with both increased and lowered mortality rates taken from Forrest
256  (1971), are presented in Table 2. These results use the five-year lag period suggested by Allen et al.,
257  (2013). The same scenarios without this lag period, which generally show lower times to reach a
258  stable state, are available in Supplementary Information. We give the time taken for the model to
259 reach a stable age distribution after the management/wildfire disturbance. We take this to be the

260  time over which management/wildfire effects persist.

261

262

263

264

265

266  Table 2. Results of model analysis for scenarios with a five-year lag time for plant recovery, showing

267  the number of years to reach the stable age distribution stage (based on all 1,000 model runs).

Scenario | Mortality | Time to reach stable age
multiplier distribution
1 0.75 88+8
1 1 76+7
1 1.25 67+6
2 0.75 79+8
2 1 66 £ 7
2 1.25 577
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3 0.75 688
3 1 56+8
3 1.25 47 £7
4 0.75 56+9
4 1 44 +7
4 1.25 37+6

268

269  Atypical age distribution for scenario 2 during each stage is shown in Figure 1 which highlights a
270  truncated, even-aged distribution in Fig 1 A brought about artificially by management. During the
271  management stage, the plants reach a maximum age of 14, reflective of the 15-year complete burn
272 cycle. Once released from management the distribution tends towards a wider, uneven age

273  distribution reflecting a range of growth stages of the plants.

274

0.10
1

Density
0.08
1

0.02
1

0.00

275 e

Figure 1: Age distribution of modelled Calluna plants shown as A, in a 15-year management cycle, B,

in post-management disturbance, and C, having reached a stable final distribution.
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276  We show the change in similarity to an unmanaged age distribution in Figure 2 using the D statistic
277 and p values over time (see Supplementary Information for comparison of statistical techniques). For
278  scenario 1 (no management) we can see a long period of transition as plants naturally age, die and
279 are replaced. For scenarios 2 to 4 there is a rapid shift to a new, stable age distribution under such
280 management. Once management ceases, the time to reach a natural stable state is dependent on
281 the return period of the previous management, with shorter return periods leading to longer post-
282 management effects. See Supplementary Information for a sensitivity analysis of the mortality rate

283 and burn percentage on our results.

P (adjusted) value
D value

Simulation Year

Figure 2: Similarity in age distribution of Calluna plants to an unmanaged condition over time during

each of the model scenarios. The green area represents a stable, unmanaged distribution. The red
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area represents a period under management and the yellow area represents the transition. The
hatched area indicates the standard deviation between the model runs for the start of the final
stable period. Mean adjusted p values are shown as a solid black line, while d values are shown as a

dashed grey line.

284 Discussion

285 Our model addresses our initial aim a), to estimate the time taken to reach an unmanaged state after
286  both catastrophic wildfire and the cessation of management. Considering the central mortality

287  estimate and five-year lag time, our model suggests that it probably takes around 75 years for a

288  Calluna stand to be free from post-disturbance effects on age distribution after a stochastic and

289  catastrophic event such as wildfire where all plants are burned (Table 2, Scenario 1). If a previously
290  managed stand is released from management, our model shows management effects will persist for
291  aperiod dependent on the return period of the previous management. This ranges from

292 approximately 62 years for a management return period of 15-years to around 44 years for a return
293  period of 25 years (Table 2, Scenarios 2 and 4). This is the time taken to reach an age distribution
294  which could be described as similar to an unmanaged stand. The time required to reach a stable

295  ‘unmanaged’ age is dependent on mortality and the lag in Calluna establishment, which are both
296  probably greater in climatically marginal areas where growth rates are slower (Armstrong et al.,

297 1997), though they may also be influenced by grazing intensity (Moss, 1989). We address this issue
298 further in the supplementary sensitivity analysis considering the effect of mortality rates on our

299 different management scenarios. More climatically favourable sites will have lower mortality rates
300 and consequently take a longer time to reach an uneven aged stand as individual plants are replaced

301 at aslower rate meaning the management disturbance effect (plants of the same age) lasts longer.

302  Our model does not address changes in grazing intensity that may alter the establishment and

303  mortality of plants, nor how changing climate may alter mortality rates if high altitude sites become
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304  less climatically marginal or water tables become lower at blanket bog sites both of which are

305  possible giving shifting climatic envelopes for blanket bog (Ritson et al. 2025). The relative proportion
306  of vegetative regrowth versus seedling establishment can also have implications for Calluna

307 population dynamics (Scandrett and Gimingham 1989) and is not covered in our model. Similarly, the
308  age of the Calluna stand and the intensity of the fire itself can also effect re-establishment of Calluna
309 (Davise et al. 2010) and is not covered in our model. All of these issues would need to be addressed
310  to accurately model future fuel loads, however this was not the purpose of our model. We instead

311 adopt a more simplistic approach to understand the persistence of post-disturbance effects.

312 Inthe context of recent decisions to ban burning as a management tool on peat >30-40 cm deep in
313  the UK, our model results provide insight into how long after the cessation of management a Calluna
314  dominated blanket bog would require in order to return to a more mixed aged condition in which the
315  competitive advantage of Calluna is reduced. During this period, fuel loads and severe wildfire risk
316  would rise (Allen et al., 2013), although this would not be a simple increase because there is a non-
317  linear relationship between annual biomass production and age (Forrest, 1971). The level of

318 increased risk might be unacceptable given the predicted increase in wildfire frequency in the UK
319  under climate change (Little et al., 2025), combined with the potential for intense wildfires under
320 high fuel loads to ignite the peat itself, with catastrophic loss of carbon and habitat (Maltby et al.,
321  1990). Our model suggests that, if all management were to be ended under a ‘rewilding’ scenario, it
322  could take around 50 years until Calluna mortality creates a steady-state, mixed aged stand,

323  depending on mortality and other factors. During this period fuel loads would be elevated above

324  current, managed levels.

325  Alternative methods of decreasing Calluna standing biomass are therefore desirable if prescribed
326  burning is no longer an option. The rewetting of bogs and the re-establishment of a Sphagnum
327  understory can force Calluna into an alternate growth form known as ‘layering’ (Forrest 1971,

328 Keatinge 1975; MacDonald et a/., 1995) in which the growth of Calluna is constrained by the wet
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329  conditions and grows as small shoots through a Sphagnum layer. Even when a forced switch to the
330 layering growth form is not achievable, wetter conditions generally still result in lower total

331  aboveground biomass of Calluna because such conditions are sub-optimal for Calluna growth

332 (Forrest 1971, Wallén 1987). Even damaged or drained peatlands lead to lower biomass

333 accumulation compared to Calluna growing in more optimal freely-draining heathland conditions
334  (Grau-Andrés et al., 2018). Where wildfires do occur, the risk that these will develop into subsurface
335  ‘smouldering’ fires which consume the peat is minimised if water levels are high (Prat-guitart et al.,

336 2016).

337 It may be possible, therefore to decrease Calluna biomass accumulation and consequent risk and
338  severity of wildfire through the use of peatland restoration and Sphagnum reintroduction, which has
339  been successfully accelerated in trials (e.g. Caporn et al., 2018; Fandrem et al., 2025), although it
340 remains to be seen to what extent this can be achieved everywhere, given climatic and direct human
341  pressures on blanket bogs (Ritson et al. 2025). If layering within Sphagnum, or at least stunted

342  Calluna growth through raised water tables, can be induced this has the added benéefit of requiring
343 minimal ongoing management once wet conditions have been established. Further work is needed
344  to understand over what proportion of deep peat this could be achieved given factors such as slope,
345  presence of gullies or artificial drainage networks, past management and atmospheric pollution, all
346  of which may constrain development of suitable habitat for Sphagnum or the ability to raise water

347 tables.

348  Mowing of Calluna, either to create firebreaks or to simulate the effects of prescribed burning of
349 larger patches, is another potential management technique to limit severe wildfire risk (Defra 2025),
350  but this has a number of disadvantages. Mowing, where used to mimic the effects of burning,

351  maintains a narrow age structure in the Calluna stands, potentially limiting biodiversity (Watt 1955,
352  Gimingham 1960). In the absence of rewetting, it also requires regular management, while regular

353 use of machinery brings with it potential compression of the peat surface. Indeed a recent review
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354  has highlighted the need for more evidence exploring the impacts of mowing on peat because of
355  concerns over the potential interplay of such factors (Moody and Holden, 2023). On the other hand,
356  management through mowing may have the potential to enhance carbon capture into peatlands via
357 re-application of harvested biomass, or conversion of the harvested material to biochar to enhance

358  organic matter persistence either on-site or elsewhere (Jeewani et al., 2025).

359  Answering our initial aim b) concerning the validity of chronosequences of Calluna sites, our results
360 also highlight a significant issue with much of the existing literature concerning Calluna management,
361  which is that stands that have been burned relatively recently are often used as reference for an

362  unburned or unmanaged condition. For example, Davies and Legg, (2008) use 25 to 30 years as being
363  ‘long term unburned’, Harris et al. (2011) use >35 years as their cutoff for a moor to be classed as
364  ‘unburned’, and Heinemeyer et al. (2023) use a value of 22-25 years post-burn as being ‘unmanaged”.
365  Our results suggest that at least double that time would be needed to exclude the effects of previous
366  management. Studies using time-periods less than ~50 years as an ‘unmanaged’ reference for a

367  Calluna community may therefore not have been studying a truly unmanaged condition but rather a
368  system still in post-management recovery. Our model shows that the extent of any resulting

369  (unintended) bias would likely depend on the age of Calluna and the time of observation in these
370  studies. In general, however, we would expect all studies undertaken during this recovery period to
371  over-estimate the risk of wildfire compared to that of a genuinely natural, or fully recovered, blanket
372  bog. The use of sites with persistent management effects as natural reference sites has important
373  consequences for our understanding of severe wildfire risk on peatlands. It has likely led to over-

374  estimation of wildfire risks on natural blanket bogs and overly pessimistic assessments of the

375  ‘restorability’ of historically burn-managed areas. While elevated severe wildfire risk during the post-
376  management period is real, it is also in part transient and may be minimised by active interventions

377 such as those described above.
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378  Anthropogenic changes to fire frequency, pattern and intensity can have dramatic changes on

379  ecological systems where fire management can be viewed as a perturbation as compared to the

380  natural cycle of fire disturbance (Keeley and Pausas., 2019). Our model highlights the difficulty in

381 finding genuinely unmanaged analogues to compare against in these heavily anthropogenic habitats
382  when fire frequency, patterning and intensity are all known to have changed in the last ~100 years
383  and have likely interacted with other management and climatic pressures (Ritson and Lindsay 2023).
384  This work sounds a note of caution for any study using a site as an unmanaged analogue without first

385 understanding site history and the likely persistence of any previous management or disturbance.

386

387 Conclusions

388  Our model shows that cessation of management will have effects for around 50 years, persisting until
389  Calluna-dominated areas reach a new stable age distribution. During this time fuel loads will be

390 elevated as the narrow age distribution of plants created by management ages. Given the elevated
391  risk of severe wildfire brought about by this increased fuel load, coupled with local and climatic

392  pressures, some form of active management is likely needed to mitigate this risk or accelerate a

393  transition to aless Calluna dominated system.. Given that managed burning is to be banned on peat
394  >30-40 cm deep in the UK, such mitigating measures could either take the form of limiting Calluna
395  growth through rewetting and Sphagnum reintroduction, or of mowing the Calluna. The efficacy of
396 these interventions in delivering reduced fuel loads, adequate forage and nesting for grouse and
397  other ecosystem services from blanket bogs still needs to be assessed. Our results have wider

398 relevance for any managed systems in that they highlight the challenge of finding truly unmanaged
399  analogues to compare management effects against due to the often underestimated persistence

400 management.

401
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