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10 Abstract
11 Peatlands, ecosystems rich in organic matter, serve as substantial global carbon 
12 sinks and provide numerous ecosystem services. However, they face significant 
13 anthropogenic threats, including the construction and use of linear features such 
14 as roads, tracks, trails, and footpaths. This systematic review investigates the 
15 impacts of these linear features on temperate and boreal peatlands by analysing 
16 81 primary research articles sourced from the Web of Science and Scopus 
17 databases, from an initial return of 831 articles. The findings reveal that 73 
18 articles reported significant impacts, predominantly negative, on peatland 
19 features and processes in 5 broad categories: soil, vegetation, hydrology, 
20 wildlife, and fire dynamics. This includes soil compaction and erosion, plant 
21 community change through introduction of non-natives, altered preferential 
22 water flow, changes in predator-prey relationships and providing sources of 
23 ignition. Roads are the most studied linear feature, followed by tracks/trails and 
24 then footpaths, however linear feature type had no significant impact on the net 
25 direction of impact which was predominantly negative across feature type. This 
26 suggests that there may be a bias in research towards roads owing to their 
27 greater permanence and use, despite consistent negative impacts across feature 
28 types. Linear feature type also has no impact on the frequency of 
29 features/process impacted, which suggests that different types of linear feature 
30 impact broadly in similar ways, but it is the scale and severity of this impact that 
31 varies between feature types with different characteristics. Soil was negatively 
32 impacted significantly more than hydrology, wildlife and fire dynamics, but equal 
33 to vegetation, which was impacted significantly more than wildlife and fire 
34 dynamics. Impacts to soil and vegetation are easily observable at local and 
35 landscape scale, which again supports the premise that linear feature categories 
36 have similar impacts, but the scale and severity may vary. This work highlights 
37 that while substantial research has focused on the adverse effects of roads, 
38 there is a notable gap in understanding the specific impacts of other linear 
39 features, and future work should focus on evaluating impacts across linear 
40 feature categories and scales, to inform sustainable management practices. 
41 Introduction
42 Globally peatlands store 20% of all terrestrial carbon, over 30% of all soil carbon, 
43 despite covering only 2.8 % of land surface1,2. Peatlands are habitats with soils 
44 containing significantly larger amounts of organic matter compared to 
45 conventional soils, up to 50% by weight3. This disparity is due to the 
46 accumulation of undecayed vegetation caused by typically waterlogged, anoxic 
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47 conditions preventing microbial aerobic respiration and decay, forming peat4,5.  
48 In pristine conditions peatlands act as carbon syncs6, but when degraded 
49 peatlands can act as a carbon source7, significant in the era of anthropogenic 
50 climate change8. 
51 Peatlands in temperate and boreal climatic zones face a number of 
52 anthropogenic threats, degrading habitat and leading to emission of the stored 
53 carbon. Large areas of lowland peatlands (e.g., in the UK) have previously been 
54 drained to produce highly productive agricultural land9. In upland peatlands, peat 
55 has been extracted for use as fuel or addition to compost for horticulture10, 
56 leading to the release of stored carbon and subsequent degradation of areas 
57 where extraction has occurred. Whilst in many areas of the world these practices 
58 have been phased out, contemporary threats include overgrazing from 
59 livestock11,12, petroleum/mining exploration and extraction13, logging activity14, 
60 windfarm construction15 and anthropogenic climate change16. 
61 Not only are peatlands important carbon stores at the global scale, but they also 
62 provide a number of other ecosystem services at both global and local scales. 
63 Peat can be up to 90% water by mass17, which paired with the collection of 
64 rainwater, acts as a large natural reservoir, which can aid in the provision of 
65 drinking water18. Peatland plant biodiversity is characterised by specialised 
66 species adapted to thriving in a waterlogged, nutrient-poor environment, with 
67 particular abundance of bryophytes such as Sphagnum species when the 
68 peatland is in healthy condition19. Peatland bird assemblages are recognised as 
69 internationally important, with many species breeding on peatlands having 
70 conservation designations and legal protection20.
71 Along with water cycle regulation and habitat provision for diverse species, 
72 peatlands provide a number of direct services for human populations. For 
73 centuries, managed peatlands have been used for grouse shooting, which, 
74 despite requiring questionable management practices to facilitate such as 
75 rotational burning21 and culling of predators22,23, provides revenue to rural 
76 communities24. With the transition to renewable forms of energy, a number of 
77 onshore windfarm installations have been constructed across peatlands in 
78 Europe25,26, with particular prevalence on rare blanket bog habitats15. Peatlands 
79 are also important for people’s access and connection to nature, with a number 
80 of peatlands attracting large numbers of tourists such as the Peak District 
81 National Park, which saw 10.29 million visitors in 2019 many of whom utilised 
82 the 2459 km of footpaths, many of which cross the upland blanket bogs27. 
83 Human connection to nature is important for both physical and mental health, 
84 but also as a leverage point for promoting sustainability: fostering connections at 
85 specific places to aid in habitat conservation28. 
86 Both industrial and recreational activities on peatlands require access by people 
87 and/or vehicles. This access requires the construction or formation of access 
88 infrastructure in the form of linear features to facilitate traversal, which similarly 
89 allow access through and around the peatland habitat for passing traffic. Linear 
90 features fragment landscapes29 to varying degrees and take many forms, but 
91 commonly for most human activities relating to peatlands these consist of 
92 anthropogenically formed features: roads, tracks, trails and footpaths. Roads 
93 referring to more permanently surfaced access routes utilised by vehicles, 
94 tracks/trails referring to lightly or temporarily used unsurfaced or temporarily 
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95 surfaced routes utilised by vehicles, and footpaths referring to either surfaced or 
96 unsurfaced routes for use by foot. 
97 These features have been observed impacting several other landscape features 
98 or processes including wildlife, vegetation, soil and hydrology across a number of 
99 habitats. Threats to wildlife from linear features in peatlands include increased 

100 risk of vehicle collisions30 and habitat fragmentation which may restrict gene 
101 flow31. Vegetation is primarily affected across the width and at the edges of 
102 linear features, with vehicles or foot trampling as well as pollutants leading to 
103 vegetation degradation and potential community change32,33. Linear feature use, 
104 primarily those without permanent surfaces such as temporary track and 
105 footpaths, can cause high volumes of peat erosion, as well as causing high 
106 compaction of the soil that remains34-36. Soil modification impacts hydrology also, 
107 with compacted soil storing less water and increasing surface runoff water, which 
108 in turn furthers soil erosion37. Surfaced features such as roads can cause similar 
109 and more intense hydrological modifications38.
110 Estimates of coverage of linear features are difficult to produce owing to 
111 resources required to map features over such large areas. Where estimates have 
112 been made, coverage and therefore fragmentation have been extensive. In 
113 British uplands, 1.10 ± 0.15 km km−2 of vehicular tracks were observed in a 5% 
114 total area sample39, while across the UK and EU, 235.4 km of linear features used 
115 to access wind turbine infrastructure in recognised blanket bogs was observed, 
116 with some densities exceeding 0.5 km km−215.  A recent report commissioned by 
117 Wicklow Upland Council assessed the state of an extensive network of 50 
118 footpaths totalling 167 km of walking paths on peatland habitats in the Wicklow 
119 mountains34. The report identified over 3.2 km of pathways requiring major 
120 repair works due to the degradation of the footpath and surrounding area from 
121 tourism usage, which when combined with recommendations for minor repairs 
122 and intervention, would require at least 4000 days of labour to mitigate these 
123 impacts34.
124 Where there is a high population density, often much peatland nearby is 
125 degraded or lost10. With expanding populations, and increasing demands for 
126 resources and space, access to peatlands for industry, travel, and recreational 
127 use is likely to increase over the coming years. With this comes an increase in 
128 the development and use of linear features to facilitate this access. Extensive 
129 research needs to be conducted to investigate the impacts of these features on 
130 peatlands and their ecology, as these habitats will be ever more important both 
131 in climate change mitigation, but the wider ecosystem services they provide. 
132 Whilst research has been conducted already and specific components reviewed 
133 e.g., Williams-Mounsey et al. 202140, an extensive systematic review is required 
134 to examine this work at scale, to identify potentially key disciplines of research 
135 that have been overlooked and as well as geographic distribution of studies. 
136 Additionally, a review of this kind will allow analysis of peatland factors or 
137 processes most affected by linear features, and compare between different types 
138 of features. To this end, this review will systematically search primary, peer-
139 reviewed journal articles that investigate the impacts of linear features and their 
140 use in temperate or boreal peatlands, extract data from these articles, and 
141 observe research trends and impacts to peatland habitats. This will highlight 
142 geographic gaps, identify research trends, and demonstrate knowledge gaps 
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143 requiring future research. The focus here is on temperate and boreal peatlands, 
144 owing to 75% of the worlds peatlands being contained within northern high 
145 latitudes41, as well as the threats facing them from climate change and 
146 anthropogenic exploitation.
147 Results
148 Literature count and distribution
149 Following literature searches of both Web of Science and Scopus database using 
150 the PRISMA guidance outlined the methods section, a total of 1432 articles were 
151 returned, and with review articles (324) and duplicates (277) removed, this 
152 totalled 831 research articles (Figure 1). Following sifting for article suitability, 
153 this resulted in the inclusion of 8113,15,31,32,38,39,42-116 articles in the final review 
154 (Figure 1). 59 of these articles focused solely on the impacts of roads, 14 solely 
155 on tracks/trails, 4 solely on footpaths and a final 4 that studied the impacts of 
156 various types of linear feature. Specific codings for each study can be seen in 
157 Supplementary A.

158
159 Figure 1: The PRISMA selection process of relevant literature for content coding and inclusion in 
160 final statistical analysis. 

161 Publication dates span 1981-2023, with 2022 and 2023 being the years with the 
162 highest number of articles that were published (Figure 2). Following log 
163 transformation of article count, there is a significant relationship between year of 
164 publication and number of articles published (F(1,27) = 33.44, R2 = 0.5367, P< 
165 0.001) where more recent years are associated with a greater number of 
166 published articles  (Number of articles= −95.6181 + 0.0480 × Year). Where the 
167 intercept (β0) is -95.6181 (SE = 16.6756, t=−5.734, p<0.001) and the coefficient 
168 for Year (β1) is 0.0480 (SE = 0.0083, t=5.782, p<0.001), the exponential model 
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169 for the impact of year on the number of articles researching linear features and 
170 temperate/ boreal peatlands is:

171 Number of articles = e-95.6181 + 0.0480  Year

172
173 Figure 2: Primary research articles published per year that investigate the impacts of linear 
174 features and/or there use on temperate and boreal peatlands.

175 The country with the highest number of the published articles was Canada, with 
176 30 of the 81 articles included in the final analysis investigating linear features 
177 over peatlands in Canada (Figure 3). There is a significant difference in 
178 geographic location of the work conducted of the reviewed articles (χ2 = 128.44, 
179 df = 12, p < 0.01).

180
181 Figure 3: Country or region of study for primary research articles that investigate the impacts of 
182 linear features and/or there use on temperate and boreal peatlands. Boxed region corresponds to 
183 articles published focused on multiple European countries. Filled colour corresponds to number of 
184 articles.
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185 When the number of studies is considered in relation to the total peatland area 
186 per country (Figure 4), Australia (7.41), the UK (6.84) and Norway (6.67) have 
187 the highest number of studies per 10,000 km2 of peatland area, where as Russia 
188 (0.034), Sweden (0.14) and the USA (0.19) have the lowest, with Canada (0.24) 
189 falling in the bottom 25%.

190
191 Figure 4: Number of primary research articles per 10,000 km2 of recorded peatland that 
192 investigate the impacts of linear features and/or there use on temperate and boreal peatland. 
193 Filled colour corresponds to number of articles, with all values ≤1 at the lowest end of the scale.

194 Linear feature impacts
195 A total of 73 of the articles had results with significant impacts on 1 or more 
196 landscape feature or process, 3 had results with no significant impacts, and 5 
197 focused solely on the extent of linear features, not investigating any impact 
198 (Figure 5a). Including only articles that investigated impacts from presence or 
199 use, linear features had a significant impact on temperate and boreal peatlands 
200 (χ2 = 64.474, df = 1, p < 0.01). 54 observed significant impacts of roads, 23 
201 observed significant impacts of tracks/ trails, and 7 observed significant impacts 
202 of footpaths (Figure 5b). There was a significant difference in the number of 
203 studies of each linear feature type (χ2 = 74.574, df = 2, p < 0.01). Impacts of 
204 roads are investigated significantly more than tracks/trails and footpaths (p 
205 <0.01, p <0.01), with the impacts of tracks/trails investigated significantly more 
206 than footpaths (p =0.014). 66 had net negative impacts, 4 had net positive 
207 impacts, and 3 had net neutral impacts (Figure 5c), with a significant difference 
208 in the net direction of the impacts of linear features (positive, neutral, or 
209 negative) (χ2 = 189.93, df = 2, p < 0.01). The net direction of impact was 
210 predominantly negative (Figure 5d), with significantly greater frequency of 
211 negative impacts compared to positive and neutral (p <0.01, p <0.01), and no 
212 significant difference in frequency between net positive and net neutral impacts 
213 (p =1.00). Linear feature type had no significant effect on the impact direction 
214 (Fisher’s exact test for count data, p = 0.89). 
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215
216 Figure 5:a) Number of articles that found significant or no significant impacts on temperate and 
217 boreal peatland features or processes from linear feature presence or use, with significant 
218 differences between categories marked by different number of ’*’. b) Number of articles that 
219 investigated roads, tracks/trails or footpath extent or impacts on temperate and boreal peatlands, 
220 with significant differences between categories marked by different number of ’*’. c) Net direction 
221 of impact for articles that found significant impacts from linear feature presence or use, either net 
222 negative, net positive or net neutral, with significant differences between categories marked by 
223 different number of ’*’. d) Breakdown of net direction of impact for articles that found significant 
224 impacts by linear feature type.

225 5 broad categories of landscape features or processes were recording as having 
226 been impacted: vegetation, soil, hydrology, wildlife, and fire dynamics (Figure 
227 6a) across roads (Figure 6b), tracks and trails (Figure 6c), and footpaths (Figure 
228 6d). Many articles reported significant impacts on multiple features or processes, 
229 for a total of 115 observations, 108 of them negative (Figure 6e). There was no 
230 significant effect of linear feature type on the type of landscape feature or 
231 processes impacted across articles (Fisher’s exact test for count data, p = 0.14). 
232 The frequency at which these features or processes were negatively impacted 
233 across all feature types significantly differed (χ2 = 74.13, df = 4, p < 0.01). 
234 Conducting pairwise fisher tests, soil and vegetation are similarly negatively 
235 impacted by linear features (p = 1.00). Soil is negatively impacted significantly 
236 greater than hydrology, wildlife and fire dynamics (p = 0.04, p <0.01, p <0.01). 
237 Vegetation is negatively impacted significantly greater than wildlife and fire 
238 dynamics (p <0.01, p <0.01) but not hydrology (p = 0.06). Hydrology is 
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239 negatively impacted significantly greater than wildlife and fire dynamics (p 
240 <0.01, p <0.01), with wildlife and fire dynamics impacted equally (p =1.00).

241
242 Figure 6:a) Landscape features or processes impacted by all linear feature types, with the percent 
243 net direction of impact based on number of articles: net negative, net positive or net neutral for 
244 each feature or process. b) Landscape features or processes impacted by roads, with the percent 
245 net direction of impact based on number of articles: net negative, net positive or net neutral for 
246 each feature or process. c) Landscape features or processes impacted tracks/trails, with the 
247 percent net direction of impact based on number of articles: net negative, net positive or net 
248 neutral for each feature or process. d) Landscape features or processes impacted by footpaths, 
249 with the percent net direction of impact based on number of articles: net negative, net positive or 
250 net neutral for each feature or process. e) Peatland landscape features or processes negatively 
251 impacted by all linear feature types, with significant differences between features or processes 
252 marked by different numbers of ’*’.

253 Discussion
254 Trends in research
255 Resources have long been extracted from temperate and boreal peatlands, with 
256 peat harvesting and drainage for conversion to productive arable farmland 
257 common for centuries, and now petroleum extraction, animal grazing, logging, 
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258 road construction, windfarms and recreational activity are commonplace across 
259 the range of these habitats15,117-119. This is despite peatland's importance as a 
260 vast natural carbon store in the era of anthropogenic climate change.  
261 Exponentially increasing yearly publications on linear feature impact since 1981 
262 reflects the increasing recognition of the importance of boreal and temperate 
263 peatlands (as carbon stores, in water management etc.) whilst also recognising 
264 the negative impacts that anthropogenic activity can have at a local and 
265 landscape scale. In terms of recognition in legislation, the 1970s and 1980s saw 
266 a number of environmental laws that recognised the importance of protecting 
267 nature, including peatlands, such as the Clean Water Act (USA 1972)120, Canada 
268 Wildlife Act (Canada 1973)121, Wildlife and Countryside Act (UK 1981)122. 
269 Following this a series of legislation with peatland specific interests increased 
270 protection such as the Wetlands Reserve Program (USA 1990)123, the Habitats 
271 Directive (EU 1992)124, the Ontario Wetland Evaluation System (Canada 2002)125, 
272 and the Peatland Code (UK 2015)126. This increase in protection of temperate 
273 and boreal peatlands likely led to an increase in research, to assess the impacts 
274 of different anthropogenic activities and infrastructure on the now-protected 
275 peatlands, including the linear features used to access them.
276 The significant difference observed in the number of studies per country can be 
277 attributed in part to the peatland land area and the intensity of their utilisation. 
278 By far the highest number of countries with studies investigating the impacts of 
279 linear features is Canada, followed by the UK and the USA. Canada accounts for 
280 approximately 42.5% of all the peatlands globally, around 1,235,000 km2 127. 
281 Although large parts remain unutilised, large swathes act as petroleum 
282 extraction fields as well as logging areas, which all require construction of roads, 
283 tracks and trails to move equipment and extracted resources. Similarly in the 
284 USA, large parts of the total peatland area (625,000 km2)127, predominantly in 
285 Alaska, are utilised for petroleum extraction and logging, requiring similar 
286 infrastructure development. Despite the UK’s significantly lower total peatland 
287 area (19,000 km2)127 the significant density of linear features (up to 1.10 ± 0.15 
288 km km−2 density of vehicle tracks)39 can be attributed to the intense use of 
289 peatlands in terms of area for agriculture, traversal requirements and 
290 recreational use in particular. The Peak District National Park attracts up to 30 
291 million visitors a year many of whom visit to hike on peat-covered upland 
292 plateaux128, and all requiring access infrastructure in the form of roads, tracks, 
293 trails and footpaths. Peatland in the Peak District National Park is some of the 
294 most degraded in the UK128,129. This suggests that countries and regions with 
295 large areas of peatland and/or high rates of utilisation (and therefore high 
296 density of linear features) have concerns about the impacts of linear features on 
297 peatlands, leading to research interest.
298 However, when the number of studies is normalised by peatland area, calculated 
299 as number of studies per 10,000 km2 of peatland area, a different pattern 
300 becomes evident. Countries with some of the largest total peatland areas, 
301 including Russia (1,420,000 km2), Canada (1,235,000 km2), and United States 
302 (625,000 km2) and Sweden (70,000 km2)127, have a low number of studies in 
303 relation to the size of their peatland coverage. This suggests that while these 
304 countries contribute a significant number of studies overall, research effort does 
305 not scale proportionally with land area, and substantial regions may remain 
306 underexamined. Conversely, several countries with comparatively smaller 
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307 peatland areas, such as Australia (1350 km2), the United Kingdom (19,000 km2), 
308 France (2,000 km2), Ireland (12,000 km2), and Germany (16,250 km2)127, all have 
309 more than one study per 10,000 km2, indicating more intensive research effort. 
310 There are also notable gaps such as Belarus (29,390 km2), Denmark (10,000 
311 km2), Estonia (11,000 km2), and the Falkland Islands (11,510 km2)127 each 
312 contain at least 10,000 km2 of peatland but had no eligible studies identified in 
313 this review. This highlights important absences in the global evidence base on 
314 linear feature impacts in peatlands. The specific ecological and management 
315 contexts of peatlands in these countries may not be represented elsewhere, and 
316 this highlights important absences in the global evidence base on linear feature 
317 impacts in peatlands. Low ratios in large peatland countries may be partly 
318 explained by the logistical difficulties of accessing remote and sparsely 
319 populated landscapes, or the sheer scale of ecosystems that makes 
320 comprehensive coverage challenging. In addition, limited research infrastructure, 
321 language barriers, and underfunding in some regions likely constrain local 
322 academic output or restrict international dissemination of findings. It is also 
323 possible that some relevant studies were not captured due to methodological 
324 limitations of the systematic review process. 
325 Impact of different linear feature type
326 Despite a significantly greater focus on the impacts of roads on peatlands 
327 compared to tracks/trails and footpaths, and tracks/trails compared to footpaths, 
328 there is no significant difference in the net direction of impact between different 
329 types of feature. The majority of studies reported significant negative impacts 
330 across linear feature types. Although this suggests that linear feature presence 
331 and use has a predominantly negative impact on peatlands, this may be due to 
332 positive publication bias, leading to research being biased towards significant 
333 impacts130. In the case of linear features and peatlands, this bias would be 
334 towards publishing results that demonstrate negative impacts to peatlands, with 
335 results with no impact and net neutral (and to a lesser extent positive) remaining 
336 unpublished by the investigators. This publication bias can create a distorted 
337 view of the true effects of linear features on peatlands. As a result, the prevailing 
338 scientific narrative may overemphasise the negative impacts while 
339 underreporting instances where linear features have minimal or no detrimental 
340 effects. This discrepancy can influence conservation policies and management 
341 practices. Although the methodology used in this study conforms to PRISMA 
342 guidelines, restricting the likelihood for bias in selecting literature for inclusion, 
343 PRISMA does not prevent selecting from an already biased pool of literature, 
344 which may be being represented here. However, with different linear feature 
345 types having significant impact on a variety of habitats131-133 and the large 
346 amounts of negative impact studies selected for inclusion here, suggests that all 
347 type of linear feature impact temperate and boreal peatlands negatively.
348 The disparity between research focussed on roads, tracks/trails and footpaths 
349 despite all having significant negative impacts may be due to a research 
350 preference towards roads, owing to their greater permanence, ability to support 
351 higher volume of traffic, and use by large industry. Mapping and subsequent 
352 investigation of roads is simpler also compared to many tracks/trails and 
353 footpath, as they may be ephemeral in nature and difficult to study. For 
354 example, logging trails may only be used for a single season while that specific 
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355 area of forest is logged, before falling into disuse as activity moves to new 
356 areas81. The results presented here, however, suggest that any sort of access 
357 structure will negatively impact peatlands regardless of its type or use. We have 
358 not considered the spread or severity of this impact. Roads may have a more 
359 severe and widespread impact due to their spread, maintenance, and continuous 
360 use while tracks, trails and footpaths might cause more localised damage, as 
361 demonstrated in mountainous tundra134. Despite these variations, the results 
362 presented here suggest that any sort of linear feature access structure will 
363 negatively impact peatlands regardless of its type or use, and so a larger focus is 
364 needed on the impacts of track/trials and footpaths to better understand their 
365 impacts.
366 Soil, vegetation, hydrology, wildlife and fire dynamics were the broad categories 
367 all negatively impacted by linear features. Linear features can lead to soil 
368 compaction, erosion, and loss of organic matter69,73,82. Compaction reduces the 
369 ability of soil to absorb water, increasing runoff and erosion. Erosion can strip the 
370 soil of nutrients and reduce its fertility, and lead to structural degradation and 
371 loss of stored carbon55. Vegetation is directly affected through changes in 
372 microclimate and soil conditions as well as direct damage caused by traversing 
373 vehicles or people32,99. Disturbed areas may be colonised by invasive species, 
374 which can outcompete native plants54. Additionally, fragmented habitats make it 
375 difficult for plant species to disperse105. The hydrological impacts of linear 
376 features include alterations in surface and groundwater flow patterns. Roads can 
377 change the natural flow of water, leading to increased runoff, altered stream 
378 channels, and reduced groundwater recharge38,62,97. These changes can cause 
379 flooding in some areas and drought in others58,106. Wildlife in peatlands is 
380 affected both directly and indirectly by linear features, including habitat loss and 
381 change90, increased mortality due to collisions with vehicles135, and alteration of 
382 predator-prey dynamics85. Linear features can act as firebreaks136, altering the 
383 natural spread of wildfires. Conversely, they can also facilitate the spread of fires 
384 by providing access to ignition sources such as vehicles and machinery108. 
385 The results if this review demonstrate soil and vegetation are reported to be 
386 impacted negatively the most, significantly more than all other features or 
387 processes for soil, and wildlife and fire processes for vegetation. This is likely due 
388 to observations of degradation being easily possible at localised and landscape 
389 scales. Peat erosion can be localised to the edge of the linear feature, such as 
390 erosion caused by footpath use which spreads as the path widens. Conversely, it 
391 can be in the form of large peat gullies that spread across the landscape, formed 
392 initially from localised compaction, erosion, and vibrations from vehicles137. This 
393 type of degradation can be fast and is easily observed, whereas changes in 
394 hydrology may be more difficult to observe, as changes can be subtle and 
395 gradual, often requiring detailed and long-term studies to quantify their impacts. 
396 Similarly for the significantly lower observations of negative impacts on wildlife, 
397 the effects of habitat fragmentation and changes in predator-prey dynamics 
398 might require long-term studies to fully understand138. Additionally, wildlife 
399 responses can be highly variable depending on species, season, and habitat 
400 type, making consistent observations challenging138. In the case of fire 
401 dynamics, the impact of linear features might be less immediately apparent 
402 because fire regimes are influenced by a combination of factors including 
403 weather, fuel availability, and landscape configuration139. 
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404 What is particularly interesting from the results of this work is that despite the 
405 significantly different reported incidents of feature/process type impacted, the 
406 type of linear feature did not affect this. This consistency in what is impacted 
407 between roads, tracks/trails and footpath suggests that different linear feature 
408 types may impact temperate and boreal peatlands in similar ways, but the scale 
409 or severity of this impact may vary depending on the specific characteristics 
410 such as use, width, construction materials, traffic intensity, and maintenance 
411 practices associated with each type of linear feature. Consequently, the 
412 cumulative effects on peatlands may be more pronounced along major 
413 transportation corridors. Understanding that all linear features may detrimentally 
414 impact peatlands but at varied scales suggests a need for comprehensive 
415 management strategies. Conservation efforts could prioritise minimising new 
416 linear infrastructure in sensitive peatland areas, implementing sustainable 
417 design and construction practices such as raised boardwalks, and regularly 
418 monitoring and mitigating impacts of existing linear features. Additionally, 
419 adaptive management approaches that consider the specific characteristics and 
420 context of each linear feature type could help mitigate and minimize 
421 environmental degradation in peatland landscapes, with a broad consideration of 
422 the wider impacts of fragmentation at the local and landscape scales caused by 
423 linear feature networks. Future research should build towards this, comparing 
424 between linear features of the same and different types with varied 
425 characteristics, considering impacts across scale. Future data led research 
426 should focus on consideration of linear feature effect size, using a meta-analysis 
427 methodology.
428 When considered alongside the wider research and conservation agendas such 
429 as the UNEP Global Peatlands Assessment (2022)141, these findings presented 
430 here reinforce the broader picture that infrastructure development, including 
431 linear features, is a key driver of peatland degradation worldwide, but despite a 
432 growing research agenda, significant gaps still exist. The significant increase in 
433 research publications over recent decades reflects growing awareness the 
434 ecological importance of peatlands, and the detrimental effects of anthropogenic 
435 activities, with a large proportion of research conducted in Canada which 
436 contains vast swathes of the world’s peatlands. However, when considered per 
437 area of peatland, large peatland area containing countries such as Canada have 
438 a relative low research effort, and along with geographic gaps in the literature, 
439 highlight the need for further work across all geographic regions. The findings 
440 indicate that all types of linear features negatively impact peatlands, with soil 
441 and vegetation being the most affected components. Roads, as the most studied 
442 linear feature, often lead to soil compaction, altered hydrology, and disrupted 
443 vegetation patterns. Despite the greater focus on roads, there is a clear 
444 necessity for future research to address gaps in knowledge, particularly 
445 concerning the impacts of tracks, trails, and footpaths. This work highlights the 
446 consistency in negative impact to peatlands across linear feature type, and the 
447 similarity in landscape factors/processes impacted also, and that type of impact 
448 is generally consistent. The UNEP report emphasises that such features not only 
449 cause direct physical and hydrological disturbance, but also fragment habitats, 
450 which while reflected on in this review, was not an explicit category, making it a 
451 key research area for future work. This review emphasises the importance of 
452 continued research on linear feature impacts across types and scales in 
453 temperate and boreal peatlands to inform sustainable management practices. 
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454 Methods
455 Literature search process
456 The Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
457 (PRISMA)141 was used to establish a systematic literature review (SLR) of 
458 research and research trends investigating the impacts of linear feature 
459 presence and use on temperate and boreal peatlands. The Web of Science and 
460 Scopus databases were chosen for the literature search component of this study, 
461 and the PRISMA procedure was applied: identification, screening, eligibility, and 
462 inclusion. The PRISMA approach benefits an SLR study because it utilises 
463 systematic steps to achieve the objective of the study. Moreover, there are few 
464 systematic literature reviews investigating this issue, demonstrating the need for 
465 a comprehensive study of the existing body of work.
466 Identification and screening
467 Articles focused on linear feature impact and use (post construction) on 
468 peatlands were sourced and identified via the Web of Science and Scopus 
469 databases. For the purposes of this study, articles that focused on investigations 
470 of the impacts of linear feature presence and/or linear feature use on temperate 
471 and/or boreal peatlands were qualified for inclusion. The linear features of 
472 interest were those classified as transport routes through, around or over 
473 peatlands: roads, track/trails, or footpaths. To this end, the search terms used to 
474 identify studies from the Web of Science database were “(Peatland OR peat) AND 
475 (tracks OR trails OR footpaths OR roads) NOT tropical”. Similarly, the search 
476 terms used to identify studies from the Scopus database were “(Peatland OR 
477 peat) AND (tracks OR trails OR footpaths OR roads) AND NOT tropical”. Searches 
478 were conducted on 03/08/2023 and 08/08/2023 respectively. No year restrictions 
479 were placed on the search criteria, although the authors recognise bias in 
480 databases towards recent publications owing to non-digitisation or poor records 
481 of older articles.
482 Only primary research articles were targeted for inclusion in the synthesis of this 
483 review, in order to avoid potential bias in any existing reviews. Grey literature 
484 such as studies conducted as part of tenders for local/national government 
485 assessments of linear feature condition (e.g. York 202228) were also not included. 
486 This is because part of the focus of this review is the trends in research, and so 
487 government-funded reports that may be produced to meet policy requirements 
488 are not suitable for inclusion. Any review articles returned from searches of 
489 either database were removed from the combined article list, as were duplicates 
490 of the articles returned in both databases.
491 Eligibility and inclusion
492 Articles were deemed suitable for inclusion in the final synthesis if the context of 
493 the study was investigating the potential impacts or the extent of linear feature 
494 presence or impacts on temperate or boreal peatlands. Articles focusing on 
495 peatlands that occur outside these climatic zones were not eligible. Articles 
496 focused on linear features that the authors categorised as roads, tracks, trails 
497 and footpaths were the only features eligible for conclusion. Articles where only 
498 the potential linear feature impacts to peatland features or processes were as a 
499 result of the construction process, rather than as a result of completed feature 
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500 presence or use were also not eligible for inclusion. Articles that specifically 
501 investigated impacts of different vehicle types in a controlled setting, or the 
502 development of new technologies for peatland traversal were likewise not 
503 eligible for inclusion.
504 Literature storage and coding
505 All collected literature was exported from the Web of Science and Scopus 
506 databases as Microsoft Excel files, and subsequently combined and managed in 
507 the same software. Articles were colour coded based on suitability and 
508 transferred to a separate data sheet that combined articles sourced from both 
509 the Web of Science and Scopus databases, with duplicates removed using the 
510 “remove duplicates function”. Alongside article reference data, articles were 
511 coded based on the: article study location, linear feature type (road, track/trail, 
512 footpath, various), significant impact or extent (yes, no, extent), net direction of 
513 significant impact (negative, positive, neutral) and peatland feature or process 
514 impacted. 
515 For linear feature type, tracks and trails were merged into a single category as 
516 they share many of the same physical characteristics and uses. Articles with 
517 various types of linear feature although initially coded as various, each feature 
518 type results separated out and coded. Significant impact (yes or no) was 
519 determined if the article stated results that significantly impacted a peatland 
520 feature or characteristic, which was also then recorded. The net direction of this 
521 impact was determined to be negative, positive or neutral based on the 
522 interpretation of the results by the article authors and wider implications of the 
523 impacts. For articles with multiple impacts, the net direction is a combination of 
524 all impact directions. Neutral is where there were no obvious wider positive or 
525 negative implications from article results, or negative and positive results are 
526 broadly balanced.
527 Map production
528 Global maps were produced to visualise the geographic distribution of relevant 
529 studies in RStudio (R version 4.3.1) using the R programming language, 
530 employing the ggplot2 and maps packages. Choropleth maps were produced 
531 with a continuous colour gradient to indicate both the study density of country-
532 level counts of relevant publications, and the number of studies per 10,000 km2 
533 of peatland, allowing for comparison between countries with differing peatland 
534 extents. Peatland area data were obtained from Joosten 2003127.
535 Statistical analysis
536 All statistical analysis was conducted in RStudio (R version 4.3.1) using the R 
537 programming language. Spearman’s rank correlation was performed for number 
538 of articles published and year. To analyse the relationship between time (Year) 
539 and publications (Count), a log-linear regression approach was utilised. Given 
540 that the initial inspection of the data suggested an exponential growth pattern, a 
541 natural logarithm transformation was applied to the article count, to linearise the 
542 exponential trend. Ordinary least squares (OLS) regression was fitted to the 
543 transformed data (log(Count) ~ Year), where year serves as the independent 
544 variable and the log-transformed count as the dependent variable. Model 
545 assumptions, including normality of residuals, homoscedasticity, and linearity, 
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546 were assessed through graphs, model coefficients and t tests. Output log linear 
547 regression equation (y=β0 + β1 × X + ϵ) was reinterpreted in exponential form 
548 (y=e(β0 + β1 × X)) to fit the data distribution, and plotted.
549 Chi-squared distribution tests were performed for: study country distribution; 
550 linear feature significant impact (yes, no, extent); net direction of impact 
551 (negative, positive, neutral), number of articles for each linear feature type; 
552 frequency of peatland factors or feature impacted. For tests where some 
553 categories had expected values below the minimum threshold, Fisher’s exact 
554 test for count data was used. These fisher tests included linear feature type on 
555 frequency of peatland factors or feature impacted; linear feature type impact on 
556 not direction of impact. Where significant differences were found, pairwise 
557 fishers tests with Bonferroni corrections producing adjusted p-value were 
558 conducted to determine differences between each category.
559 Data availability statement
560 The datasets used and/or analysed during the current study are available from 
561 the corresponding author on reasonable request.
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