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Hedgerows are part of networks
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Hedgerows are part of agricultural landscapes

Effeti del Buon Governo
A. Lorenzetti, 1337 

They provide shelter, wood, property limits
Th t f th f i tThey are part of the farming systems



Hedgerows were, in part, planted to act againstg , p , p g

Soil erosion
Wind damagesg

They control water fluxes

Now recognized as regulating
ecosystem servicesecosystem services



They harbour a high biodiversity: habitat provision service



Hedgerow networks decreased in western Europe g p
since the 1960’s
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NordChanges of a hedgerow network landscape in Brittany

19961952

Longueur (km)

Hedgerows with
continuous tree
cover

1952 1966 1982 1990 1996

61,50 35,75 18,50 12,00 7,00
Hedgerows with
disconinuous tree
cover

, , , , ,

58,00 52,25 31,00 27,50 19,50

15,25 15,50 19,50 15,25 18,25
wood(ha)

Source: P. Morand



In heterogeneous and fragmented landscapes movement is
a key process for population survivala key process for population survival

Habitat patches are small: animals need to complement



In heterogeneous and fragmented landscapes movement is

S i diff t t f t h ( l t ti )

a key process for population survival

females

Some organisms use different types of patches (supplementation)

males

Agrégation

Di E idid

Dispersion

Diptera Empididae



L d ti it i th d t hi h th« Landscape connectivity is the degree to which the 
landscape facilitates or impedes movement along
resources patches » (Taylor et al 1993)resources patches »                   (Taylor et al. 1993)

Abax parallelepipedusAbax parallelepipedus

Campagnol roussâtre

Mulot sylvestre



Pionneer work on hedgerows connectivity :Pionneer work on hedgerows connectivity : 
small mammals in Canada



Survival is enhanced by the presence
f h d ti dl tof hedgerows connecting woodlots

Local populations are 
subjected to frequent
extinction and recolonisation e t ct o a d eco o sat o
events. Woody hedgerows
facilitate movement between
woodlots. 

Metapopulation survival is higher as the 

Farhig & Merriam 1985

number of connections between woodlots
iincreases

Farhig & Merriam 1985



Structural connectivity vs functional connectivity

T

X
L

woodlot •Length of the network
•Number of connections
•Q alit of onne tions

O
•Quality of connections

Baudry & Merriam 1998



Functional connectivity

Abax parallelepipedusAbax parallelepipedus

Bank vole

Wood mouse



corridors are linear elements which act as

habitat

corridors are linear elements which act as

conduit

barrierbarrier

filterfilter



f fHedgerows act as corridors for forest species

Réseau 

Abax parallellepipedusp p p

woodlot Intersection

Linear feature Populations
Fluxes of individuals

P tit & B l 1998Petit & Burel, 1998



There is still no strong evidence that hedgerows are 
effective corridors between fragments of woodland
h bit t (D i d P lli 2007)habitats (Davies and Pulliam 2007)

More replicated and controlled field investigations are required
Long term monitoring is necessary

Mammals

Hedgerow density
N b f ti

birds

Number of 
h d

invertebrates

Vegetation cover
St t l l itNumber of connections hedgerows

connected to 
studied woodlots

Structural complexity



Corridor efficiency of hedgerows depend on the wayCorridor efficiency of hedgerows depend on the way
they are managed
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Movement of Abax parallellepipedus
depends on vegetation coverp g

In hedgerows with a denseIn hedgerows with a dense 
herbaceous and a continuous tree 
cover, movement was significantly 
longer than in hedgerows with alonger than in hedgerows with a 
sparse tree cover and less dense 
herbaceous one



Hedgerow structure and landscape structure 
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Corridor efficiency depends on the width of the corridor

In New jersey, baudry and Forman, showed that presence of forest herb
species depend on distance to woods as well as on width of the hedgerows



Lanes bordered by two hedgerows are good corridors

Sunken roads are habitats for forest species
Richness increases with age and connectivity
Deckers et al. 2005 

Chemins creux are good routes for 
dispersion of forest carabid species
Charrier et al. 1997

Bird species richness is higher in green 
lanes than in single hedgerows
Walker et al. 2005



A measure of functional connectivity for Abax parallellepipedus

a*d1

c*d3

b*d2

c*d4

Suitable habitat patch
Linear woody element

woodlot C= a*d1 + b*d2 + c*d3 + c*d4

Lane bordered by two parallel hedgerows

Hedgerow



But not all species use hedgerows as corridors

For some species gaps in the network  are not a problem, as long as hedgerows 

p g

p g p p g g
are not too far apart

For others, hedgerows are barrier that impede connectivity



ConnectivityConnectivity maymay bebe measuredmeasured as the as the densitydensity of of yy yy yy
hedgerowshedgerows withinwithin the the landscapelandscape contextcontext

Decreasing extinction probability
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Butet, 1995Butet, 1995



ConnectivityConnectivity maymay bebe measuredmeasured as the as the densitydensity of of yy yy yy
hedgerowshedgerows withinwithin the the landscapelandscape contextcontext

saproxylic beetle Osmoderma
eremita

Ranius, pop ecol; 2006

* Hedgerows changed less with time around inhabited trees than in the other parts

1947 2003

 Hedgerows changed less with time around inhabited trees than in the other parts 
of the landscape O. eremita would hence be very sensitive to landscape feature 
changes, hedgerows being of importance for its persistence by providing 
microhabitatsmicrohabitats

Dubois et  al., 2009



Hedgerows may act as barriersHedgerows may act as barriers

Hedgerows may be barriers for butterflies
(Lysandra bellargus)



Hedgerows may act as barriers

Dispersal of Primula acaulis in a french alps hedgerow network, Champsaur

Hedgerows may act as barriers

* Isolation by distance pattern was shown
* hedgerow network distances were found to contribute less than Euclidian distances to 
spatial genetic structure. p g
* Pollen flow is probably the main factor shaping the spatial genetic structure
* density of hedgerow networks impede gene flow. 
* high degree of habitat contiguity does not necessarily promote genetic connectivity. 

Campagne et al., 2009



Implications for landscape design and management for 
bi di itbiodiversity

For “forest species”  network continuity is needed to serve as corridor 
between woodland (source of species)

Continuity depends on hedgerow vegetation which is strongly related to farming y p g g g y g
activities

At a macro-regional scales there is a need to have different types of 
landscapes that provide different types of connectivity
This last point has been far less studied but is important to
• Maintain ß diversity 
• to discuss species distribution and the service they provide to agriculture p y p g
(pollination, biological control)



Pleine‐Fougères  LTER site
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Paysage APaysage APaysage A 12 to 30 species

α diversity
Landscape A

Espèces d’ambiance 
forestière

Espèces 
de cultures

Paysage A
Espèces d’ambiance 

forestière
Espèces 

de cultures

Paysage A
Espèces 

de cultures

Paysage A 12 to 30 species 

per hedgerow
Landscape A

Forest adapted 
species

Crop adapted 
species

78 i in total

γ diversity

78 species in total

49 species

Landscape B
Β diversity: the between 
landscapes diversity
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forestière

Espèces 
de cultures
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Paysage B

P CP C

Landscape B
Crop adapted 
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Forest adapted 
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landscapes diversity
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Paysage C

Espèces de 
cultures

Paysage CLandscape C

Crop adapted 
speciesspecies

46 species



A B C

120

140 Carabus problematicus

250

300

350 Pterostichus cupreus

60

80

100

A

B

C
100

150

200 A

B

C

0

20

40
C

0

50

2007 2008 2009

2007 2008 2009

A species of 
A predator of 
aphidsp

conservation 
interest

aphids



Thank you for your attention


