
Introduction

• Woodland (re-)establishment is a nature-based solution (NbS) widely 

advocated as a means to mitigate anthropogenic climate change (1,2). 

• Natural colonisation of trees is suggested as a cheaper, more 

environmentally sensitive alternative to tree planting (3,4). 

• However where and when we can rely on natural colonisation of trees is 

poorly understood.

Lessons for woodland expansion: Factors affecting native oak establishment 

vary through early life stages
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Bracken cover (%) 0.141 0.387* 0.003 0.136 -0.195 0

Grass cover (%) -0.106 -0.496** -0.446** -0.454*** -0.007 0.0238

Bare ground cover (%) 0.092 0.397* 0.222 0.398** -0.093 0.137

Grass height (mm) 0.261** -0.346 0.003 -0.189 0.184 0.122

Bracken height (mm) 0.196* 0.348 0.254 0.241 -0.055 0.022

Figure 1 - Frequency classes of mean (±SE) dispersal distance (m) 

of native oak saplings  from the woodland edge (nearest conspecific 

seed source) in six upland pastoral locations in DNP.
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Figure 2 – Mean (±SE) density of oak (Quercus robur, Quercus petraea) 

recruits (trees per ha-1) at woodland edges in a) extensive (Dartmeet N = 3) 

b) enclosed (Merrivale N = 3) c) former pasture (Piles Copse N = 4) sites in 

DNP. Oak recruits were divided into age classes: 0 – 3 years, 4 – 7 years 

and 8 – 12 years using growth scars. Significant differences between age 

class determined via Kruskal Wallis rank sum test and Conover-Iman test. 

Thomas Murphy1, Mick Hanley2, Jon Ellis2, Paul Lunt1
1School of Geography, Earth and Environmental Science, 2School of Biological and Marine Sciences, University of Plymouth, Plymouth, United Kingdom.

Acknowledgements:

We would like to thank the Environment Agencies Dartmoor Headwaters Project (Exeter, UK), the University of
Plymouth, and Moor Trees (moortrees.org) for financial, technical and logistical support. We also gratefully
acknowledge landowners John Howell and Dartmoor National Park Authority for their help and co-operation.

References:
1. Griscom et al. (2017). PNAS USA. doi: 10.1073/pnas.1710465114.
2. Bastin et al. (2019). Science. doi: 10.1126/science.aax0848.
3. Farjon & Hill. (2019). British Wildlife. 
4. Crouzeilles et al. (2020). Conserv. Lett. doi.10.1111/conl.12709
5. Sansom. (1999). Water Sci. Technol. doi: 10.2166/wst.1999.0533.
6. Murphy et al. (2019). Clim. Res. doi: 10.3354/cr01583.
7. Murphy et al. (accepted). Land Degrad Dev.
8. Bunce et al. (2018). Landsc. Ecol. doi: 10.2478/jlecol-2018-0015.

Study questions:

1) What is the capacity for the natural establishment of oak saplings 

outside the existing woodland edge into UK upland pastures?

2) How does the impact of upland livestock grazing on oak recruitment 

density and performance, change with sapling age and surrounding 

vegetation? 

Methods

• Study location: Dartmoor National Park (DNP), UK. 

• Field surveys assessed capacity for natural establishment of UK 

native oak (Quercus robur, Quercus petraea) saplings (<12 years 

old) in upland pasture systems.

• Extent and performance of saplings recorded in extensive, 

enclosed and former pasture systems and using long- and short-

term grazing exclusion experiments. 

Results

• Long term grazer exclusion experiments had significant positive 

impact on oak recruitment, however did not affect density of 

youngest age classes (1 – 3 years).

Table 1 – Relationships between height of oak saplings and the height 

and cover of surrounding ground flora for younger (1 – 3 years) and older 

(4 – 7 years) saplings growing in extensive, enclosed and former pasture 

systems of DNP. The strength (TAU value) and significance (P value) of 

correlations was assessed via kendall rank order correlation. * ≤ 0.05 , ** 

P ≤ 0.01 , *** P ≤ 0.001. n = number of oaks surveyed.

Conclusions and application:

• Natural establishment of oak woodland is severely limited outside the immediate woodland edge, 

strategic planting of mixed species planting schemes will be required in UK uplands for rapid 

climate mitigation.

• Low-moderate livestock grazing is compatible with the initial natural establishment of oak trees (1 –

3 years old) but temporary cessation from grazing (when trees 4 – 12 years) will be needed to 

ensure subsequent survival and establishment. 

• Life stage specific requirements within land management may help refine and minimise 

environmental and societal trade-offs associated with woodland expansion and aid the sensitive 

implementation of NbS.

Long term livestock exclosures at Piles 
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Study system - UK uplands

• Problem: Soil compaction and climate change (precipitation increase)(5,6), 

resultant in downstream flood risk. 

• Upland ‘Atlantic’ oak woodlands provide significant opportunity for soil 

recovery and climate change mitigation (7). 

• This woodland type has low cover and is fragmented (8) - its expansion is 

highly desirable.

Upland ‘Atlantic’ oak woodland in Devon, southwest England and support 
globally significant flora.

• Most natural oak sapling regeneration (84%) limited within 20m 

of the nearest conspecific tree (Figure 1). 

• The positive impact of bare-

ground cover (associated with 

shrubs) on oak sapling height  

was only apparent in livestock 

grazed systems and for older 

(4 – 7 years) oak saplings 

(Table 1).


