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Background & introduction

Woodland Creation & Ecological Networks
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Habitat loss & fragmentation – the problem



Landscape-scale conservation – the solution



Landscape-scale conservation – the solution



Nice idea but scientific debate

…oversimplifications of complex ecological concepts… offer little for 

biodiversity conservation beyond a simple conceptual framework… 

may be misdirecting limited resources



Fragmentation vs Restoration
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Fragmentation vs Restoration

colonisation credit

Can species reach the patch?

Landscape-scale attributes

1. Surrounding habitat

2. Spatial isolation

3. Surrounding matrix

Can species survive in the patch?

Site-scale attributes

4. Area

5. Patch characteristics

6. Age
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Landscape-scale experiment

• Experimentation is fundamental to advance ecology & inform 

conservation

• However, it remains a rare approach at larger spatial scales 

where there are a number of challenges:
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• Experimentation is fundamental to advance ecology & inform 

conservation

• However, it remains a rare approach at larger spatial scales 

where there are a number of challenges:

Spatial scale:

Ecological realism

Control & replication



Landscape-scale experiment

• Experimentation is fundamental to advance ecology & inform 

conservation

• However, it remains a rare approach at larger spatial scales 

where there are a number of challenges:

Temporal scale:

• Biodiversity response, succession & colonisation



Landscape-scale experiment



Landscape-scale experiment



Landscape-scale experiment



Time for an experiment…

Time

Now

+ 100 years- 100 years

Experiment 100 + years
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Time for an experiment…

Time

Now

Experiment 100 + years

+ 100 years- 100 years

Historical ‘natural’
experiment



The WrEN project



The WrEN project

1. Focus on investigating the effects of habitat restoration and 
creation, rather than habitat loss and fragmentation;

2. Study real landscapes at sufficiently large spatial scales to 
ensure ecological realism and the applicability of evidence; 

3. Incorporate appropriately long time scales to account for lags;

4. Sample a wide range of explanatory & landscape variables;

5. Examine a wide range of species.

WrEN aims to assess the effects of past landscape 
change on current biodiversity to inform 

future conservation actions



The WrEN project

Long-term, large-scale 
woodland creation

Long-term, large-scale 
mapping (to 1850)
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The WrEN project

2014



The WrEN project
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The WrEN project

Can species reach the patch?
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The WrEN project

Can species reach the patch?

Landscape-scale attributes

1. Surrounding habitat

2. Spatial isolation

3. Surrounding matrix

Can species survive in the patch?

Site-scale attributes

4. Area

5. Patch characteristics

6. Age



The WrEN project

Edinburgh

Stirling

Glasgo

w

Birmingham

Leiceste

r

Northampton

Nottingha

m

Peterboroug

h

67 sites in Scotland

39 sites in England



The WrEN project

Area Age

Surrounding habitat Spatial isolation
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Summary of results

Woodland Creation & Ecological Networks
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• Field surveys to obtain information on vegetation structure.

• Digital maps for patch geometry.

canopy cover tree diameterunderstorey cover patch size & shape

Local & landscape attributes:

grazing



spatial isolation surrounding matrixsurrounding habitat

• Field surveys to obtain information on vegetation structure.

• Digital maps for patch geometry & landscape attributes.

Local & landscape attributes:



• Range of woodland-dependent species likely to respond to 
woodland local structure, spatial configuration and 
landscape context:

‒ Lower plants (lichens and bryophytes)

‒ Vascular plants

‒ Invertebrates (ground-dwelling & flying)

‒ Small mammals

‒ Bats

‒ Birds

Species selection:

1,100+ species!
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Surveying methods:



Small 

mammals

Bats Ground

inverts

Diptera Moths Trees Ground 

flora

Lichens Bryophytes Birds

Scotland 

2013-16
67 66 39 45 64 67 65 54 30 64

England 

2014-15
38 36 21 33 - 39 39 39 - 37

Total 105 102 60 78 64 106 104 93 30 101

Data collected:



Bryophytes: 

• 77 species (in Scotland only).

• Range per site: 4 – 22 species.

• Mean per site ± SE: 13 ± 1 species.

Lichens:

• 172 species (156 in Scotland, 82 in England).

• Range per site: 10 – 53 species.

• Mean per site ± SE: 28 ± 1 species.

Vascular plants: 

• 223 species (168 in Scotland, 114 in England).

• Range per site: 6 – 47 species.

• Mean per site ± SE: 22 ± 1 species.

Lejeunea cavifolia

Buellia griseovirens

Geranium robertianum

Species id completed, some analysis conducted

Summary results:

Species id completed, some analysis conducted

Species id completed, analysis underway



Tachinus signatus Carabus problematicus Pterostichus melanariusOtiorhynchus singularis

Beetles: 

• 2,660 samples.

• Mostly Carabidae & Staphylinidae; also Elateridae & Curculionidae.

• 18% of species classed as ‘tree-associated’. 

Summary results:

Species id completed, some analysis conducted

Beetle (all)

abundance

Carabidae

abundance

Beetle (all)

species rich

Carabidae

species rich

Total (%): 29,400 13,700 (47%) 130 52 (40%)

Range per site: 30 – 2,809 7 – 1047 6 – 39 4 – 22 

Mean per site ± SE: 490 ± 65 228 ± 35 20 ± 1 10 ± 0.5 

Nebria brevicollis



Spiders: 

• 2,660 samples.

• Mostly Linyphiidae.

• 24% of species classed as ‘tree-associated’.

Spider

abundance

Spider

species rich

Total: 4,050 103

Range per site: 18 – 171 6 – 25 

Mean per site ± SE: 68 ± 4 14 ± 1 

Walckenaeria acuminata

Oedothorax gibbosus

Gongylidiellum vivum

Bathyphantes gracilis

Lepthyphantes zimmermanni

Summary results:

Species id completed, some analysis conducted



Flying inverts:

• 312 samples. 

Hoverfly Cranefly

Abundance 1,298  (10% wood spp) 4,607  (60% wood spp)

Species richness 65 (38% wood spp) 107  (63% wood spp)

Range abu per site: 0 - 22 2 – 29 

Mean abu per site ± SE: 5.0 ± 0.5 12 ± 0.7

Summary results:

Species id completed, analysis conducted, paper published

Tipula paludosaEpisyrphus balteatus



Moths:

• 282 night-traps.

• Mostly Noctuidae, Geometridae, Tortricidae and Crambidae.

Summary results:

Species id completed, some analysis conducted

Moth

abundance

Moth

species richness

Total: 8,678  (16% wood spp) 253  (30% wood spp)

Range per site: 0 – 267 0 – 37 

Mean per site ± SE: 31 ± 2 12 ± 0.5 

Noctua pronuba Mythimna impura Hydriomena furcata Campaea margartaria



Blackcap
Willow warbler

Bullfinch

Wren

Birds:

• 174 hours of surveying.

• 59 species (51 in England, 46 in Scotland).

• Range 5 – 26.

Summary results:

Species id completed, analysis conducted, paper published



Small mammals:

• 15,120 night-traps, 1,676 individuals,  4 species:

1 Yellow-necked mouse 

(Apodemus flavicollis)

Bank vole 

(Myodes glareolus)

Wood mouse 

(Apodemus sylvaticus)

Field vole 

(Microtus agrestis)

Sites present: 80 72 33

Total animals (%): 1006 (60%) 571 (34%) 98 (6%)

Range per site: 0 – 67 0 – 54 0 – 14 

Mean per site ± SE: 9.6 ± 1.2 5.4 ± 0.8 0.9 ± 0.2

Data on body condition, sex-ratio, age, reproductive status…

Summary results:

Species id completed, analysis conducted, paper in prep.



Soprano 

pipistrelle

Common 

pipistrelle

Myotis bats Nyctalus

bats

Brown     

long-eared

Barbastelle

Sites present: 95 92 70 31 26 3

Total passes (%): 27,183 (48%) 23,014 (41%) 1,171 (2%) 582 (1%) 95 (0.2%) 9 (0.0%)

Range per site: 0 – 4,323 0 – 3,950 0 – 230 0 – 142 0 – 22 0 – 6 

Mean per site±SE: 267 ± 60 226 ± 55 12 ± 3 6 ± 2 0.9 ± 0.3 0.3 ± 0.2

Bats:

• 840 hours of ultrasonic recordings.

• 56,500 bat passes, 6 species/genera.

Summary results:

Species id completed, analysis conducted, paper published
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Taxa analysed so far…

coming soon…

Publications:

Bats: Fuentes-Montemayor et al. (2017). Ecological Applications 27: 1541-1554.

Birds: Whytock et al. (2017). Conservation Biology 32: 345-354

Diptera: Fuller et al. (2018). Journal of Applied Ecology 55:1173-1184



Conceptual model:

Patch area

Patch shape Size

Quality

Biodiversity

Patch age 

Tree size (mean)
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Tree sp. richness

Tree size (SD)

Understorey

Tree density

Local-scale 

Surrounding 

habitat

Connectivity

Amount of 

woodland 

(any, broadleaved, 
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Land cover type / 

Matrix permeability 

Woodland inter-connectivity                    
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Landscape-scale 



What is the relative importance of local vs. 

landscape according to mobility of bat species? 

Local-scale attributes: vegetation 

structure reduced using PCA

Landscape-scale attributes:

amount & connectivity

reduced using PCA

Mobility (500 m – 6 km)



What is the relative importance of local vs. 

landscape according to mobility of bat species? 

Plecotus auritus

P. pygmaeus

P. pipistrellus

Myotis spp.

s
p
e
c
ie

s
 m

o
b
ili

ty

high

low

+ England 

+

+

For lower mobility sp., 

vegetation structure

more important in 

determining use

For higher mobility sp., 

surrounding landscape 

more important



What is the relative importance of local vs. 

landscape according to mobility of bat species? 

• Species mobility influential in 

determining relative importance of 

local vs. landscape-level attributes

• Landscape-level attributes more 

important in more homogeneous/ 

intensive landscapes

• Higher activity in older 

woodlands with larger trees / 

variation in tree size

• Species-specific responses to 

tree density, understorey



Structural Equation Model:
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Structural Equation Model:

Patch age 

Tree size (mean)

Grazing ? 

Patch area

Patch shape Size Surrounding 

habitat

Quality Connectivity

Amount of 

woodland 

(any, broadleaved, 

ancient)

Land cover type / 

Matrix permeability 

Woodland inter-connectivity                    

(any, broadleaved, ancient)

Biodiversity

Tree sp. richness

Tree size (SD)

Understorey %

Tree density

Indirect effects of age



Responses of bird communities to habitat creation:

• Functional groups described 

using feeding, breeding, resting 

habitats (French & Picozzi 2002)

• Those in woodland related 

groups most commonly recorded

• Some notable absences (species 

known to breed in the region)

Absent?



Structural Equation Model: birds

Patch age 

Tree size (mean)

Grazing ? 

Patch area

Patch shape Size

Quality

Bird abundance 

& species rich.

Tree sp. richness

Tree size (SD)

Understorey %

Tree density

Indirect effects of age

Surrounding 

habitat

Connectivity

Amount of 

woodland 

(any, broadleaved, 

ancient)

Land cover type / 

Matrix permeability 

Woodland inter-connectivity                    

(broadleaved)

Size is x2 as important



Responses of bird communities to habitat creation:

• Lack of “continuity/age” effect on 

woodland functional groups 

• Generalist species in open/mixed

and general wood/scrub groups 

colonise quickly (< 10 yrs)

• Species in broadleaf trees group

relatively scarce (2/9 in > 20%)

 Most woodlands still too young?

 Post-agri woodlands unsuitable 

(size/management)?



Responses of woodland Diptera to habitat creation:

• Hoverflies & craneflies, two dipteran 

groups, differing in mobility

©Paul Ruddoch

N = 78 sites

4 x 1 week samples



Responses of woodland Diptera to habitat creation:

Species richness:

• 25 woodland-associated hoverfly sp. 

(27% of UK sp.)

• 67 woodland-associated cranefly sp. 

(43% of UK sp.)

% of catch that were woodland-associated:

• c. 40% hoverfly species 

(only 10% individuals)

• 63 – 80% craneflies (57 – 79% individuals)

©Paul Ruddoch



Patch age 

Woody debris

Patch area

Patch shape Size

Quality

Hoverfly abundance 

& species rich.

Tree sp. richness

Understorey %

Tree density

Indirect effects of age

Tree size (SD)

Focus on 

vegetation structure

Structural Equation Model: hoverflies

Surrounding 

habitat

Connectivity

Amount of 

woodland 

(any, broadleaved, 

ancient)

Land cover type / 

Matrix permeability 

Woodland inter-connectivity                    

(any, broadleaved, ancient)



• Secondary woodlands providing habitat 

for hoverflies & craneflies - despite size 

& fragmentation

• Low abundance of woodland-associated 

hoverflies 

• Local >> Landscape

• Value of SEMs to examine indirect effects

©Paul Ruddoch

Responses of woodland Diptera to habitat creation:



Implications for woodland creation so far:

• The relative importance of site and 

landscape characteristics differs 

between taxa and species mobility

• Manage woodlands to increase tree 

size and structural heterogeneity

• Remove or reduce grazing pressure

• Importance of woodland size for some 

taxa (e.g. birds) 
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• Woodland age likely to influence the occurrence/abundance

of woodland-dependent species.

– Ecological continuity

– Old-growth habitat structure

• Ancient semi-natural woodlands:

– “…rich, complex, and irreplaceable

ecosystems”

– High quality habitat for many taxa

– Reference sites

Introduction:



‒ How similar is the habitat structure (e.g. clutter, tree density) of secondary

woodlands to that of ancient woodlands?

‒ How does the biodiversity (e.g. bat foraging activity) of secondary

woodlands compare to that of ancient woodlands?

• Assess the value of secondary woodlands for biodiversity by

using ancient semi-natural woodlands as reference sites.

• Specific questions:
Influence habitat quality…

vs.

Objectives:



Sites surveyed:

Edinburgh

Stirling

Glasgo

w

Birmingham

Leiceste

r

Northampton

Nottingha

m

Peterboroug

h

67 sites in Scotland

39 sites in England

secondary woodlands

10 – 160 yrs

15 sites in 

Scotland

12 sites in 

England

ancient woodlands



• 27 ancient woodlands (250+ years):                                     

from AWI digital spatial database.

• 27 secondary woodlands (30–120 years):                            

from historic maps.

• Similar sizes (1–13 ha), landscapes (agricultural) and 

location.

Small 

mammals

Bats Ground

inverts

Diptera Moths Trees Ground 

flora

Lichens Bryophytes Birds

Ancient     

2016
- 27 26 14 15 27 27 - - 26

Secondary 

2016
- 27 26 14 15 27 27 - - 26

Total - 54 52 28 30 54 54 - - 52

Sites surveyed:



• Habitat structure: some analysis done.

• Ground flora: species id completed, analysis underway.

• Ground inverts: beetle carabids id to species, analysis to do; 
spiders separated but not yet id.

• Diptera: hoverflies id to species, analysis to do;           
craneflies separated but not yet id.

• Moths: species id completed, some analysis done.

• Bats: analysis completed, paper in prep.

• Birds: point count data still to be digitised, analysis to do.

• Soil development and biodiversity: analysis underway.

Progress to date:



• Data analyses & publications

• Additional surveys for missing taxa 

(e.g. larger mammals, grazers)

• Role of hedgerows and trees outside 

woods

• Synthesis / analyses across taxa to 

identify areas of concordance and 

conflict

• Developing guidance for practitioners

• Quantify relative effects of restoration 

on ecosystem functioning

• Manipulative experiments

Ongoing and future work:
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For more information:

Website: www.wren-project.com

Twitter: @WrENproject

The WrEN team on retreat 

Fort William, Oct 2016


