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Introduction
The tree and shrub layers of rural  hedges 

often provide the only semi-permanent  ele-
ment of structural and biological diversity in 
landscapes that have lost much of their natu-
ralness to agriculture and urban use (Paoletti 
1995, Burel 1996). These layers are compo-
sed of woody species maintained or planted 
by farmers routinely or in response to regu-
latory  directives  (Sutton  1992,  Burel  & 
Baudry 1995). Hedges with a high diversity 
of woody species are expected to support a 
great abundance and diversity of associated 
organisms  such  as  birds  (Macdonald  & 
Johnson  1995,  Hinsley  &  Bellamy  2000, 
Padoa-Schioppa et al. 2006) and invertebra-
tes (Maudsley 2000). However, woody spe-

cies richness is influenced by many factors 
among which hedgerow structure is of great 
importance  (Hooper  1970,  Willmot  1980, 
Sutton 1992,  Herlin & Fry 2000,  Boutin et 
al. 2002, Deckers et al. 2004a, Deckers et al. 
2004b,  Campagne  et  al.  2006).  Hedgerow 
structure has been defined in many ways, in-
cluding  as:  (i)  a  combination  of  different 
biometric values (Sutton 1992, Bates & Har-
ris  2009);  (ii)  the  percentage  cover  of  the 
different  vegetation  layers  (Bennett  et  al. 
1994); (iii) a combination of these two sets 
of  variables  (Osborne  1984,  Green  et  al. 
1994,  Fritz & Merriam 1996,  Herlin & Fry 
2000, Sykes & Hannon 2001); and (iv) all of 
the  above,  combined  with  size  and  other 
physical  measures  (Deckers  et  al.  2004a, 

Campagne et al. 2006, Roy & de Blois 2008, 
Wehling & Diekmann 2008). However, des-
pite  the  number  of  structure  classification 
schemes, little attention has been paid to the 
significance  of  stand  biometric  differences 
among the structure types, which are always 
recognized through visual estimation in the 
field and hence highly subject to error. The 
present  paper  introduces  and  validates, 
through  a  post-analysis  of  biometric  diffe-
rences among the groups, a criterion for clas-
sifying rural hedge stands based on the rela-
tive contribution of trees, coppice,  pollards 
and shrubs to the hedgerow.  Based on this 
criterion,  primary  management-related  de-
terminants of native woody species richness 
are  identified.  Specifically,  a  large  dataset 
was used, including data from more than 500 
hedges located in the Padua-Venetian inten-
sive peri-urban agricultural landscapes. The 
use  of  this  shorthand  recording  system of 
hedge  stand  types,  which  incorporates  bio-
metric  values  and  woody  species  growth 
form categories,  increases  the  applicability 
of the existing hedgerow structure classifica-
tion scheme to planning and management.

Materials and methods

Study area
The Padua-Venetian plain is a sub-region 

of the Po Plain located in the north-eastern 
part  of  Italy and occupying  an  area of ap-
proximately 10 372 km2  (Fig.  1).  Mean an-
nual  precipitation  and  temperature  vary 
between 700 and 1100 mm and 13 to 13.5 
°C, respectively. All the sites are nearly flat, 
the  site  with  the  highest  elevation  (Mon-
tegalda)  being  located  at  63  m  a.s.l.  The 
study region is located in the north Mediter-
ranean  environmental  zone  (Metzger  et  al. 
2005). The area has been subjected to sub-
stantial  transformations  that  have  modified 
the  landscape  structure,  since  the  Roman 
centuriation in the 1st century BC up to the 
industrial  settlements  in  the  1970s  (Tem-
pesta 2010). At present,  49-85% of the re-
gion  is  agricultural  and  maize,  soybean, 
others cereals and wine grapes are the domi-
nant  crops (Regione Veneto 2006). Hedge-
rows were established or modified in diffe-
rent  periods,  and  spontaneous  regeneration 
of plant species is possible where their func-
tion is not exclusively ornamental (Zanaboni 
& Lorenzoni 1989, Sitzia 2007).

Data collection
Site selection criteria were conditioned ac-

cording  to  landscape  structure,  which  has 
been shaped by the aforementioned changes 
in  land use.  Seven sites (Fig.  1) were ulti-
mately selected on the basis of differences in 
agricultural intensity, measured according to 
mean  enterprise  Utilized  Agricultural  Area 
(UAA) classes as recorded at the municipal 
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The woody component along field edges often provides the only permanent 
elements  of  structural  and  biological  diversity  in  landscapes  that  have  lost 
much of their naturalness to agriculture and urban use. The main aims of this 
study were (i) to investigate how four hedge stand types, i.e., systems of ma-
nagement distinguished on the basis of the natural and managed growth forms 
of trees and shrubs (low single-storied,  high single-storied,  two-storied and 
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The study used a large dataset of hedgerows (n=538) sampled in seven sites in 
Northern Italy. The four hedge stand types exhibited highly significant diffe-
rences in size and biometric parameters. The multi-storied hedges, associated 
with the highest stand structural diversity index values, supported the highest 
number of tree species, followed by high single-storied hedges. The low single-
storied hedge stand type contained the lowest number of species. We found a 
positive effect of hedge area as well as a marginal negative effect of basal area 
on native woody species richness. The management implications addressed by 
our study include conversion of single-storied into two- or multi-storied types, 
increasing hedge size and controlling hedge stand basal area.
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level. Data on these classes are easily achie-
vable, and the classification system is linked 
to the parceling of the rural landscape, which 
is  an  important  factor  in  determining  the 
quality of landscape management by the en-
terprises (Trisorio 2005).

The  UAA  classes  considered  are  (CIA 
2003):
• high (≥ 10 ha)
• intermediate (3-10 ha)
• low (< 3 ha)

Similarly  to  the  mean  UAA,  hedgerow 
density in each site reflects different agricul-
tural landscape assets and land use histories, 
from  the  ancient  agricultural  landscape  of 
Roman centuriation to the intensive agricul-

tural  lands reclaimed in the Early and Late 
Medieval  Ages  or  in  more  recent  times 
(Tempesta 1989, Meeus et al. 1990, Regione 
Veneto 2007).

The general definition of a hedgerow is a 
row of woody plants,  including hedge  and 
herbaceous  species,  that  separates  adjacent 
fields (Pollard et al. 1974, Forman & Baudry 
1984)  and  is  managed  to  some  degree 
(Baudry et al. 2000). In this study we adop-
ted  a  definition  based  on  several  sources 
(Bidese  &  Peruffo  1993,  Bickmore  2002) 
and  define  hedgerows  using  the  following 
criteria (Tab. 1):
• the function is not exclusively ornamental, 

and spontaneous regeneration of plants is 

possible;
• the proportion of area in tree and/or shrub 

cover gaps of 2  m or  more must  be less 
than 35%;

• the length  of an individual  gap must not 
exceed  20  m;  beyond  this  threshold  the 
gap is considered an opening dividing two 
different hedgerows;

• the minimum distance between hedgerows 
must be 20 m;

• the width must not exceed 20 m.
Within  each  site,  all  hedgerows  fulfilling 

these  requirements  were  surveyed  with  the 
aim of obtaining a total sample of 50-60 km 
of hedgerow in each UAA class. Therefore, 
we  surveyed  from a  minimum of  47  to  a 
maximum of 107 sampling units in each site, 
with  a  total  of  538  hedgerows  surveyed 
(Tab. 2).

Survey  of  some  hedgerow  characteristics 
involved  treating  the  entire  hedge  as  the 
sampling unit,  while  others  were measured 
by subdividing the longitudinal length of the 
hedge into equal parts. The total number of 
equal parts was proportional to total hedge-
row length (L) as follows:  single part (L < 
100  m);  two  parts  (100  m ≤ L < 300  m); 
three parts (300 m ≤ L < 600 m); four parts 
(L ≥ 600  m).  In  the center of each part,  a 
sampling subunit of 10 m was surveyed. The 
values  recorded  in  the  subunits  were  then 
averaged for the entire hedgerow.

Identification of the following hedge stand 
types was performed through analysis of the 
presence  of  natural  and  managed  growth 
forms of woodland trees and shrubs (sensu 
Peterken 1993, pp. 224 - trees, coppice, pol-
lards,  shrubs),  which  shape  the  hedgerows 
and contribute to the varying complexity in 
vertical structure:
• multi-storied  (formed  by  trees,  shrubs, 

coppices, with or without pollards);
• two-storied  (formed  by  pollards  and 

shrubs,  pollards  and  coppices,  trees  and 
shrubs or trees and coppices);

• low single-storied (formed by coppices and 
shrubs, coppices only or shrubs only);

• high single-storied (formed by pollards and 
trees, pollards only, or trees only).
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Fig. 1 - Italy, Veneto 
region and location of 

the surveyed sites. 
(1): Canda; 

(2): Frassinelli; 
(3): Montegalda; 

(4): Nogara; 
(5): Peseggia; 

(6): Piove di Sacco; 
(7): Roncade.

Tab. 1 - Thresholds used to define a hedgerow.

Measure Threshold Reference
% gap < 35% Bickmore (2002)
Gap length < 20 m Bickmore (2002)
Hedgerow length > 20 m Bickmore (2002)
Hedgerow width < 30 m Bidese & Peruffo (1993)

Tab. 2 - Surveyed sites.

Sites Provinces Municipalities UAA 
classes

Site area
(ha)

Sites hedgerow 
densities (km 

100 ha-1)

No. sampling 
units

Nogara Verona Nogara, Gazzo Veronese, Sorgà H 625 2.7 59
Rovigo Rovigo Canda, CastelGuglielmo H 4572 0.85 68
Piove Padova Piove di Sacco, Arzegrande, Brugine, Pontelongo L 420 6.97 107
Frassinelli Venezia Martellago, Spinea, Venezia L 158 8.67 47
Peseggia Treviso

Venezia
Zero Branco, Scorzè L 175 8.14 59

Roncade Treviso Roncade I 645 3.79 106
Montegalda Vicenza Grisignano di Zocco, Montegalda I 627 3.92 92

Total 7222 2.24 538
Mean (± 95% conf. int.) 1031 ± 1166 5.00 ± 2.19 76.86 ± 18.13
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Shrubs and coppices usually form the low 
storey, while pollards and trees compose the 
high storey (Fig. 2). The surveyed character-
istics are defined in detail in Tab. 3.

We calculated the basal area from the dia-
meters of the full range of stems (DBH ≥ 5 
cm) sampled in each hedgerow. Hedge area 
was equal to width × length. Two indexes of 
stand  structural  diversity  were  calculated: 
Shannon  index  (SH)  and  Gini  coefficient 
(GI)  of  diameter  (SHD and  GID,  respec-
tively)  and  height  (SHH and  GIH,  respec-
tively) diversity, as follows (eqn. 1):

where pi is the number of stems of (diameter 
or height) size class i and n is the number of 
size classes. SH values range from 0 to ln(n). 
GI is the arithmetic average of the absolute 
values of the differences between all pairs of 
individual measurements (eqn. 2):

where  Xi are the sizes (diameter or height) 
sorted from largest to smallest X1 ≤ X2 ≤ ... ≤ 
Xn.  The  Gini  coefficient  has  a  minimum 
value of 0 when all measurements are equal 
and a theoretical maximum of 1.0 in an in-
finite population in which all measurements 
but one have a value of 0: the ultimate in in-
equality  (Latham et  al.  1998).  Height  and 
diameter values are taken from the complete 
range  of  stems  sampled  in  a  single 
hedgerow.

Compared  with  other  measures  of  stand 
structure  diversity,  the  two stand  structural 
diversity indexes described above offer many 
advantages,  among which  are  their  ease of 
calculation and wide usage, an important re-
quisite for adoption by practitioners (Latham 
et  al.  1998,  Schulte  &  Buongiorno  1998, 
Lexerød & Eid 2006).

The presence and absence of woody spe-
cies  was  determined  by  surveying  each 
hedgerow and identifying every species clas-
sified as tree or shrub after  Pignatti (1982). 
Alien species  were distinguished  according 
to Celesti-Grapow et al. (2010).

Data analysis
Differences  in  biometric  parameters  bet-

ween hedge stand types were tested using a 
one-way  ANOVA.  When  model  residuals 
deviated  from  the  normal  distribution,  re-
sponse  variables  were  log-  or  square  root- 
transformed before analysis.

To test the effects of area, hedge stand type 
and  basal  area  on  the  number  of  native 
woody species present, a linear mixed model 
was applied. The model included the varia-
bles hedge area, stand types and basal area, 
their interactions as fixed effects, and site as 
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Fig. 2 - The hedge 
stand types characte-
rised according to a 
combination of the 

maximum height of the 
growth forms (tree, 

pollard, coppice, 
shrub) and the number 

of stories (one, two, 
multi) present. (a): 

multi-storied, (b): high 
single-storied, (c): 

two-storied, (d): low 
single-storied (modi-
fied from Sitzia et al. 

2012)

Tab. 3 - List and definition [unit of measurement] of the surveyed hedge characteristics and 
those  of  the  woody  plants  present.  (*):  Sampling  method  indicates  whether  the  whole  
hedgerow was surveyed (W) or the survey was carried out in subunits of 10 m hedgerow 
length (S); (**): Trees: single-stemmed individuals in the mature canopy and tall subordinate 
strata; coppice: trees and shrubs that have been cut and allowed to grow from the residual  
stump; pollards: trees cut more than one meter above ground level and allowed to grow from 
the residual stump.

Characteristic Sampling 
method* Definition and units of measurements

Hedge stand 
type

W Classified according to the growth forms (trees, coppice, pol-
lards, shrubs **) of the woody species composing the hedge 
[multi-storied, two-storied, high single-storied, low single-sto-
ried].

Length W Linear development of the sampled unit (surveyed hedgerow) 
[m].

Width S Mean of the widths referring to the projection to the ground of 
the two points of maximum expansion of the marginal crown on 
the principal perpendicular axis of the hedge [m].

Diameter S Dendrometric diameter of stems with DBH ≥ 5 cm in 1 cm 
classes [cm].

Height S Cormometric height of stems with DBH ≥ 5 cm in 1 m classes 
[m].

Woody species 
richness

W Number of woody species, excluding those with stems only 
woody at the base.

SH =−∑
i=1

n

piln ( pi)

GI= 1
2 X̄ n(n−1)∑i=1

n

(2i−n+1) X i
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a random effect to account for spatial nested-
ness  in  sampling.  The  potential  interaction 
between hedge area and stand type was exa-
mined  to  determine  whether  hedge  stand 
type  affects  the  slope  of  the  species-area 
curve.  The  potential  interaction  between 
hedge  stand  type  and  basal  area  was  also 
examined to determine whether the effect of 
increasing basal area on native woody spe-
cies  richness varies with  hedge stand type. 
All statistical analyses were performed using 
the  statistical  package  R  (R  Development 
Core Team 2011). As suggested by Pinheiro 
& Bates (2000), a sequential F-test was used 
to  investigate  the main effects and interac-
tions in all models using the lme function in 
the  nlme library (Pinheiro et al. 2011) in R 
with  the  restricted  maximum  likelihood 
(REML) estimation method.

Results
Biometric parameters differed significantly 

between the four hedge stand types (Tab. 4). 
Multi-storied hedges had the highest values 
of area as well as of both structural diversity 
(Shannon and Gini) indexes. Moreover, the 
highest values of stem basal area ha-1 and of 
the number of stems ha-1 corresponded with 
the high single-storied and low single-storied 
hedge stand types, respectively.

The  most  common  woody  species  (those 
present  in  ≥  20%  of  sampled  hedgerows) 
were:  Salix  alba L.,  Cornus  sanguinea L., 
Platanus hybrida Bot.,  Sambucus nigra L., 
Rubus  ulmifolius Schott,  Robinia  pseudo-
acacia L.,  Acer campestre L.,  Ulmus minor 
Miller,  Morus alba L.,  Populus canadensis 
L., Humulus lupulus L., Hedera helix L. and 
Corylus avellana L. A complete list of spe-
cies is reported in the Appendix 1.

Native  and  total  woody  species  rich- 
ness  were  strongly  correlated  (r = 0.91, 
p < 0.001).  Aliens  represented  more  than 
one third of the observed woody species (44 
out of 122).  Alien richness was moderately 

correlated  with  native  richness  (r = 0.41, 
p < 0.001).  Most  of  the  aliens  were  neo-
phytes, three of which (Robinia pseudoaca-
cia  L.,  Parthenocissus  quinquefolia  (L.) 
Planchon,  Ailanthus  altissima  (Miller) 
Swingle)  are considered by  Celesti-Grapow 
et al. (2010) to be invasive in the Veneto Re-

gion.
The results of the mixed models (Tab. 5) 

showed a highly significant effect of hedge 
area (p<0.001) and stand type (p<0.001) on 
native woody species richness, as well as a 
marginal  negative  effect  of  basal  area 
(p=0.034). Multi-storied stand types suppor-
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Fig. 3 - Effect of the 
four hedge stand 
types on native 
woody species rich-
ness. White circles 
within each box re-
present the mean, 
while the solid black 
line indicates the 
median.

Tab. 4 - Mean values and standard deviations (SD) of parameters for each hedge stand type and results of the ANOVA test. (SHD): Shannon  
Index for tree diameters; (SHH): Shannon Index for tree heights;  (GINID): Gini Index for tree diameters; (GINIH): Gini Index for tree 
heights; (*): p < 0.001.

Parameter
Low single-storied

(n=123)
High single-storied

(n=90)
Two-storied

(n=130)
Multi-storied

(n=195) F
Mean SD Mean SD Mean SD Mean SD

Length (m) 152.7 109.7 149.7 120.84 147.1 121.6 214 158.7 12.8*
Width (m) 4.8 1.8 5.3 1.7 5.5 1.6 6.5 2.3 21.4*
Area (m2) 754.9 697 795.4 687 821.8 737.6 1358.1 1054 24.2*
Basal area (m2 ha-1) 22.7 31.2 55.5 89.7 38.8 49.5 35.5 31.9 12.2*
No. stems ha-1 4268 4439 1814 1638 2464 3039 2278 1861 19.3*
SHD 1.37 0.6 1.66 0.58 1.51 0.63 1.97 0.56 31.1*
SHH 0.99 0.55 1.03 0.55 1.19 0.58 1.49 0.5 28.3*
GINID 0.09 0.07 0.08 0.08 0.12 0.08 0.13 0.05 17.6*
GINIH 0.15 0.1 0.18 0.1 0.21 0.13 0.28 0.12 35.6*

Tab. 5 - Result from the linear mixed models testing the relationship between native woody 
species richness and hedge stand type, area, and basal area in the seven sites. No interaction  
between the factors remained in the model. Site was included as a random factor.

Parameters df F P
Log (Area) 1, 526 284.74 <0.001
Hedge stand types 3, 526 38.358 <0.001
Log (Basal area) 1, 526 4.518 0.034
Hedge stand types x Log (Area) - - -
Hedge stand types x Basal area - - -
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ted the highest number of species followed 
by two-storied hedgerows.  High single-sto-
ried stand types contained the lowest number 
of  species  (Fig.  3).  Interactions  between 
hedge area and stand type and between basal 
area and stand type were not statistically si-
gnificant. The slope of the relationship bet-
ween hedge area and native species richness 
was positive (Fig. 4) and did not vary with 
respect to the stand type (Tab. 5).

Discussion 

Assessment of hedge stand types
Each hedge  stand  type  considered  in  our 

study  exhibited  a  relationship  with  the 
hedgerow biometric attributes assessed. Na-
tive woody species richness was influenced 
by hedge stand type, area and basal area. As 
confirmed by the differences in the diversity 
indexes,  basal area and tree density among 
the four hedge stand types, the presence of 
several  or  diverse growth  forms guarantees 
per se higher  vertical  stratification.  Indeed, 
management  practices  are  typically  charac-
terized  by cyclic  cuttings  along the  hedge-
row, whose frequency and intensity are lin-
ked to customs more than to rules, resulting 
in differences in both vertical tree layer de-
velopment and values in structural variables. 
The highest values of the two stand structu-
ral diversity indexes are associated with the 
multi-storied  system in  which  the  presence 
of a multi-layered canopy is associated with 
a large range of stem diameters and heights 
and  a  complex  horizontal  arrangement  of 
stems (McElhinny et al. 2005). Similarly, the 
highest basal area values were found in the 

high single-storied hedge stand type.
As well  documented  for  forests  (Pretzsch 

1997, Brokaw & Lent 1999), ecosystems in-
cluding  stands  with  a  variety  of  structural 
components  are  considered  likely to  main-
tain a variety of resources and species utili-
zing these resources. Thus, the positive cor-
relation  between  elements  of  biodiversity 
and measures of stand structural complexity 
observed in other ecosystems can be exten-
ded  to  hedgerow systems,  where  the  more 
complex vertical arrangement of tree canopy 
found in the multi-storied hedge stand type 
supports a greater variety of woody species. 
These  results  are  consistent  with  those  of 
Franklin et al.  (2002), who found that spe-
cies composition and abundance can be in-
dicators of canopy layering.  Both high and 
low single-storied hedgerows contain fewer 
woody species than do hedgerows with more 
complex  vertical  structure,  as  reported  in 
similar  studies  conducted  in  forest  stands 
(e.g.,  Nordlind & Ostlund 2003). Microcli-
matic conditions, the intensity and quality of 
light,  resource availability and other  ecolo-
gical  variables  can  explain  the  relationship 
between  tree  canopy  structure  and  species 
richness (e.g.,  Parker & Brown 2000).  Our 
results support and extend previous findings 
describing  the  relationship  between  woody 
species  richness  and  a  variety  of  local 
hedgerow attributes  (Willmot  1980,  Sutton 
1992,  Herlin  &  Fry  2000,  Deckers  et  al. 
2004a,  Campagne  et  al.  2006)  also  to  the 
spatial arrangement of tree and shrub growth 
forms. Most notably, the present study indi-
cates  that  the  identification  of  hedge stand 
types, obtained through a visual survey, may 

allow  estimation  of  native  woody  species 
richness  across  a  wide  range  of  hedgerow 
network  densities  and  landscape  types,  fa-
voring interaction between decision makers, 
researchers  and  landscape  users  (Vos  & 
Meekes 1999).

Neither the effect of hedgerow area nor that 
of tree basal area on woody species richness 
was  affected  by hedge  stand  type.  Species 
accumulation  with  increasing  area  sampled 
is a well know phenomenon that also applies 
to  hedgerows  (e.g.,  Deckers  et  al.  2004a). 
Due to the narrowness and homogeneity of 
hedgerows,  we  can  hypothesize  that  high 
basal area values tend to saturate the space 
faster than in a wider habitat,  i.e.,  a wood-
land,  where  the  opposite  trend  can  some-
times be observed (Risser & Rice 1971,  Li-
ang et al. 2007).

Management implications
Management implications for native woody 

species richness conservation stem from the 
considerations discussed above. With regard 
to hedge stand types, the conversion of high 
and low single-storied hedge to two-storied 
or  multi-storied  hedgerow  should  be  pro-
moted. This silvicultural practice is common 
in  forest  management  (Buongiorno  et  al. 
1995,  Hanewinkel 1999) but  is seldom ap-
plied to hedgerow systems. As  Bannister & 
Watt  (1995) noted,  the  effects  of  different 
hedge-cutting  methods  have been reviewed 
(MacLean 1992), but current information de-
rives from anecdotes and observational stu-
dies rather than from experimental evidence. 
Acceptable management options may there-
fore  include  different  cutting  regimes  for 
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Fig. 4 - Effect of area on native woody species richness. Each plot represents one sampling site (see Tab. 1).
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each  hedge  component,  i.e.,  small  branch 
cycle (3 to 10 years) for shrub species, cop-
picing (8 to 30 year cycle) for coppicing spe-
cies and the tree cycle (30 to 150 years) for 
tall trees. Pollards can be managed with the 
traditional pollarding technique (see  Reif & 
Schmutz 2001). The pollard cycle lasts 8 to 
15  years depending on  species  and  growth 
rate,  ensuring  tree  survival  and  allowing 
periodic  sunlight  to  reach  adjacent  woody 
species. These cutting practices are intended 
to promote varying growth forms of one or 
more woody species.

Increasing hedgerow area is a recommen-
ded  practice  for  enhancing  woody  species 
richness.  Habitat  availability  (i.e.,  hedge-
rows,  woods)  at  varying  spatial  scales  has 
been greatly reduced where agricultural  in-
tensification  has  affected  agricultural  land-
scapes  (Benton  et  al.  2003).  The  develop-
ment  of  many  planning  tools  proposing 
hedgerow requalification and planting (Man-
nino  et  al.  2001)  arising  from the  Agenda 
2000 framework has promoted an increase in 
the area occupied by existing hedgerow sys-
tems. Extending hedgerow length to connect 
two or more hedges is one possible solution. 
Another way to increase hedgerow area is to 
extend  hedgerow width,  intended  as  maxi-
mum canopy  width.  To  achieve  this  goal, 
one  can  retain  untrimmed  grassy  margins 
along  the  hedge,  allowing  spontaneous  re-
generation  of  tree  species  in  the  margins. 
Moreover,  new  grassy  strips  of  variable 
width  could  be  created  around  all  field 
boundaries (not just those occupied by exi-
sting hedgerows). Finally, thinning to main-
tain appropriate hedgerow stem density (Reif 
& Schmutz 2001) can also be recommended. 
This  technique  helps  to  avoid  overly high 
hedgerow basal  area,  which  can negatively 
influence woody species richness. The afore-
mentioned suggestions can also be applied to 
enhance the total number of woody species.

Conclusions and further research
This  study  identified  three  important 

hedgerow  features,  i.e.,  hedge  stand  type, 
area and basal area, that can be easily shaped 
by appropriate management  practices to at-
tain defined conservation targets.  Based on 
the study results, the following practices can 
be  recommended  to  enhance native  woody 
species richness, the focus of the study: con-
verting  high  single-storied  and  low single-
storied  to  multi-storied  hedge  stand  types, 
increasing  hedgerow  length  and/or  width, 
and controlling basal area (Appendix 1).

Agro-environmental schemes should there-
fore  support  these  hedgerow  management 
practices to increase woody species richness 
in  the rural  landscape.  Future  work should 
include  silvicultural  studies  and  tests  de-
signed to identify optimal thinning and con-
version techniques and their optimal spatial 
distribution across the landscape.

In addition, this study highlighted the fre-
quent  presence of two common alien inva-
sive  species,  Robinia  pseudoacacia L.  and 
Ailanthus  altissima (Miller)  Swingle,  sug-
gesting their spread within hedgerows and in 
adjacent  patches  of  marginal  land  where 
agricultural  activities  have  ceased  or  been 
temporarily  abandoned.  Hence,  future  in-
vestigations  should  consider  interactions 
between the management actions recommen-
ded here and the diffusion of these species. 
The moderate correlation between alien and 
native species diversity may suggest that the 
proposed  management  practices  will  pro-
mote growth of alien as well as native spe-
cies.  However,  alien  species  distribution 
compared to that of native species is gene-
rally more affected by human actions (e.g., 
planting) thus highlighting the need to con-
sider other explanatory variables for testing 
for their significance.

The presented hedge stand types embody a 
variety of  traditional  and  modern  manage-
ment activities. This miscellany of practices 
indicates the flexible and adaptive character 
of  hedgerow  management  to  the  changing 
landscape of the Po Plain. In the current in-
tensive agricultural  landscape,  the presence 
of hedge features (e.g., shredded trees: trees 
cut at a height exceeding that of coppices but 
lower  than  pollards)  linked  to  traditional 
techniques  underscores  the  importance  of 
cultural traditions for farmers. However, stu-
dies are needed to quantify the current signi-
ficance  and  value  that  farmers  and  land-
owners confer to such hedgerows in the Po 
Plain. In addition, further study is needed to 
describe  the  ecosystem  services  that  these 
linear  landscape  elements  provide  and  the 
potential  influence of different hedge stand 
types on the provisioning of such services.
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