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Introduction

The  Natura  2000 network  and favour­
able conservation status

Natura 2000 is a coherent  ecological net­
work of special areas selected to assist in the 
maintenance of biodiversity in the European 
territory.  It  is  composed  of  two  different 
kinds  of  sites:  firstly,  the  special  areas  of 
conservation  (SAC)  designated  under  the 
Habitats  Directive  (Council  Directive 
92/43/EEC)  on  the  conservation  of  natural 
habitats  and  of  wild  fauna  and  flora,  and 
secondly the special protection areas (SPA) 

designated under the Birds Directive (Coun­
cil Directive 79/409/EEC) for the conserva­
tion of wild birds. These two EEC directives 
define an integrated framework  to identify, 
to maintain and to protect natural sites as a 
whole; they represent the European Union’s 
most  concrete  act  towards the achievement 
of international biodiversity policy commit­
ments,  such  as  the  Bern  Convention 
82/72/EEC and the Biodiversity Convention 
93/626/EEC (Barbati et al. 2002).

According to the Habitats Directive, Natura 
2000 “shall enable the natural habitat types 
and the species habitats listed in Annex I and 
Annex II to be maintained or, where appro­
priate, restored to a favourable conservation 
status in their natural range” (Article 3). The 
conservation status will be taken as “favour­
able” when:
• the natural range and areas the natural hab­

itat types cover are stable or increasing;
• the specific structure and functions which 

are necessary for the natural habitat types 
long-term maintenance exist and are likely 
to continue to exist for the foreseeable fu­
ture;
• the population dynamics  data on the spe­

cies concerned indicate that they are main­
taining themselves on a long term basis as 

viable components of their natural habitats;
• the natural ranges of the species are neither 

being reduced nor are likely to be reduced 
for the foreseeable future;
• there is, and will probably continue to be, a 

sufficiently  large  habitat  to  maintain  its 
population on a long term basis (Article 1).
To achieve the aim of the Habitat Direct­

ive, i.e., to contribute towards ensuring biod­
iversity,  it  is  reported  the  Member  State 
shall:
• establish the necessary conservation meas­

ures  involving  appropriate  management 
plans specifically designed for the sites or 
integrated  into  other  development  plans, 
and appropriate statutory, administrative or 
contractual  measures which correspond to 
the ecological  requirements  of the natural 
habitat types and the species present on the 
sites;
• take appropriate steps to avoid, in the spe­

cial areas of conservation, the deterioration 
of natural habitats as well as disturbance of 
the species for which the areas have been 
designated (Article 6).
Therefore, when management of a Natura 

2000  site  is  required,  it  is  fundamental  to 
identify,  evaluate and monitor the site over 
time, to ensure that natural habitat and spe­
cies  are  being  maintained  in  a  favourable 
conservation status.

Indicators and cost-effectiveness
Criteria and indicators are widely used to 

evaluate  and  monitor  conservation  status, 
particularly for forested habitats at the land­
scape scale (e.g.,  Noss 1990,  OECD 1994, 
CIFOR  1999,  Noss  1999,  Larsson  2001, 
EEA 2003, FAO 2003, MCPFE 2003).

A number of different definitions of indic­
ators have been proposed:
• a complex situation’s synthesis, i.e., one or 

a group of characteristics that allowed us to 
understand  a  specific  phenomenon 
(Schmidt di Friedberg 1987);
•measurable  surrogates  for  environmental 

end points (Noss 1990);
•qualitative  or  quantitative  statistic  vari­

ables,  representative  of  an  environmental 
factor  and  related  to  a  specific  subject 
(Colombo & Malcevschi 1996);
• a  parameter  or  a  related  parameter  value 

that gives information about a phenomenon 
and  for  which  meaning  goes  beyond  the 
specific characteristics associated with the 
parameter value (OECD 1994);
• a complex or simple entity whose function 

is to indicate the state or the change of phe­
nomena  that  are  impossible  to  directly 
measure (ANPA 2000).
As it is expressed by Noss (1990), Shaw & 

Wind  (1997),  Ferris  &  Humphrey  (1999), 
ANPA (2000) and Kapos et al. (2001), to be 
applicable and effective an indicator should 
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Natura 2000 is a coherent ecological network of special areas, designated un­
der the Habitat and Birds EEC Directives, to assist in the maintenance of biod­
iversity in the European territory. It is now widely recognised that one of the 
most effective ways to maintain biodiversity is to preserve habitats in a favour­
able conservation status as required of Member States by the Habitat Directive. 
As a consequence, approaches are needed to define when habitats are of fa­
vourable conservation status and to assess the maintenance or the restoration 
of this condition. This could be partly achieved through the selection of appro­
priate indicators of favourable conservation status. Once such indicators have 
been identified and tested, they could be used for monitoring the impact of 
managing  Natura  2000  sites,  and  could  assist  in  achieving  policy  goals.  Al­
though many indicators have been proposed, particularly for forested habitats, 
few have been adequately field tested. Little research has been undertaken to 
identify indicators that are cost-effective, a key characteristic given that re­
sources for habitat assessment and monitoring are often limited. Therefore, 
this research aims both to identify appropriate indicators to maintain favour­
able conservation status, and to evaluate their relative cost-effectiveness for 
two selected Natura 2000 sites: the Cansiglio Forest (North Italy) and the New 
Forest (South England). The following will highlight the results of the prelimin­
ary research.
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have the following properties:
• scientific and theoretical value;
• sensitive  to  a  wide  range  of  stresses  to 

provide an early warning of change;
•distributed over a broad geographical area 

or otherwise widely applicable;
• require  easily  collected  and  cost-effective 

data to implement them;
• relevant  to  ecologically  significant  phe­

nomenon;
• easy to understand even by non-specialists 

(i.e., managers, politicians).
As a single indicator with  all these desir­

able properties has not yet been identified, a 
core set or suite of indicators is normally re­
quired.

Given all the above definitions of indicat­
ors and the requirements to confidently ap­
ply them,  their  relevance  to  managing  and 
monitoring Natura 2000 sites should imme­
diately  be  apparent,  yet  this  issue  has  re­
ceived  relatively  little  previous  attention 
from past researchers (i.e., CCW 2000, Min­
istero Ambiente 2003, JNCC 2004).

Little  research  has  been  undertaken  to 
identify  indicators  that  are cost-effective,  a 
key  characteristic  given  that  resources  for 
habitat assessment and monitoring are often 
limited  (Wätzold  &  Schwerdtner  2005). 
Also, not much work has been carried out on 
applying indicators at the local scale, where 
management  decisions  are  typically  made. 
Thus, this research aims to identify both ap­
propriate indicators for two selected Natura 
2000  sites  The  Cansiglio  Forest  (Northern 
Italy)  and The New Forest  (Southern Eng­
land), and to evaluate their relative cost-ef­
fectiveness.

Study areas

The Cansiglio Forest

General description
The Natura 2000 site Cansiglio Forest cov­

ers  50.6  km2 in  the  North  Italy  Alpine 
biogeographic  region  (latitude  46°04’45” 
north, longitude 12°24’42” east). From 2001 
it has been included on the Site of European 
Community  Interest  list  according  to  the 
Habitat Directive and from 2003 it has been 
classified  as  a  Special  Protection  Area  ac­
cording to the Bird Directive. IT3230077 is 
the Natura 2000 identification site code.

According  to  the  European  Community 
Commission’s III level classification applied 
in the CORINE Land Cover project, 34.4 % 
of the Cansiglio Forest’s area is represented 
by broadleaved woodland, 19.4 % is covered 
by plantation, 29.6 % is mixed woodland, 14 
% is  grassland  and  the  remaining  2.6%  is 
represented by new forest stands. According 
to  the  “Interpretation  Manual  of  European 
Union Habitats” (European Commission/DG 
Environment  2003a)  the  majority  of  the 
woodland is represented by 9130  Asperulo-

Fagetum beech forest  and 9140 Acidophil­
ous  Picea forests  of the  montane to alpine 
levels  (Vaccinio-Piceetea).  Asperulo-Fage­
tum beech  forest  comprises  the  two stand-
level  typology  (sensu Del  Favero  1992) 
“Faggeta  montana  tipica”  and  “Abieteto 
esomesalpico montano”; Acidophilous Picea 
forests  comprise  the  stand-level  typology 
“Pecceta secondaria montana”.

The Forest has been managed from a very 
long time in the past.  The  Serenissima Re­
public  of  Venice  in  1548  designated  Can­
siglio as a restricted area subject to special 
forest laws to provide timber for its powerful 
ship arsenal.  Beeches  were  especially  used 
for oars,  but they were also important  as a 
building  material  and  for  charcoal  making 
(Caniato  2001).  The  French  and  Austrian 
Governments  forest  management  initiative 
turned  to  timber  production  carrying  out  a 
large  Venetian  project  aiming  to  replace 
beeches  with  conifers  (Lazzarini  1997). 
Forests had been managed without particular 
objectives until the beginning of the Italian 
Kingdom in 1871, when it was declared an 
inalienable state domain. Today forest mana­
gement  is  inspired  by  naturalistic  criteria 
where the first aim is to achieve an ecologi­
cal stable forest. Tree cutting aims to ensure 
natural  regeneration,  to  maintain  and  im­
prove biodiversity and finally to prevent epi­
demics;  some areas  are  also  left  to  natural 
evolution.  In  2005  Cansiglio  was  certified 
according  to  the  PEFC  forest  sustainable 
management scheme.

Sampling units investigated
As the  Cansiglio  forest  covers  5060 hec­

tares it was not possible to survey the whole 
area with the available human resources so 
monitoring  methods  were  applied  to  a 
sample area. Some 30 units were surveyed. 
As  mentioned  above,  this  research  focuses 
particularly  on  the  local  scale.  Therefore, 
sampling  units  were  defined  according  to 
forest management units as reported in Del 
Favero (2000) managed as high forest and to 
the regional natural reserves “Pian di Landro 
Baldassarre” and “Piaie Longhe - Millifret” 
units, as reported in Lasen (2000).

A preliminary selection was made deleting 
those units that  were less than one hectare 
(ha) in size. The resulting 187 sampling as­
sessment units are shown in Fig. 1. A second 
selection  was  made  by  randomly  choosing 
30 units from the above 187 using ArcGIS 
8.3© Hawth’s Analysis Tools© 2002 Version 
2.00  extension.  The  30  selected  sampling 
units covered 787 ha, equal to 15.6 % of the 
Natura 2000 site and representing 21.2 % of 
the total forested sampling units.

The New Forest

General description
The  New Forest  Natura  2000  site  covers 

292.9 km2 and is located in the South Eng­
land Atlantic biogeographic region (latitude 
50°51’59” north, longitude 01°40’50” west). 
From 2004 it has been confirmed as a Site of 
European Community Interest  according to 
the  Habitat  directive  and from 2005 it  has 
been designated as SCA. UK0012557 is the 
Natura 2000 identification site code (JNCC 
2006).

The  New  Forest  is  mainly  covered  by 
woodland. More precisely 46 % of the entire 
surface is represented by broadleaved, mixed 
and yew woodland, 34% by heath and scrub, 
7% by grassland and 3% by bogs. As it is re­
ported in the Natura 2000 data form, the ma­
jority  of  the  woodland  is  represented  by 
9120 Atlantic acidophilous beech forest with 
Ilex and sometimes also  Taxus in the shrub 
layer (Quercion robori petraeae or  Ilici-Fa­
genion)  and  by  9130  Asperulo-Fagetum 
beech forest.  Ilici-Fagenion occurs on acid 
soils and falls within two National Vegeta­
tion Classification types: W14 Fagus sylvat­
ica  -  Rubus  fruticosus woodland and W15 
Fagus sylvatica - Deschampsia flexuosa wo­
odland;  Asperulo-Fagetum beech forest  oc­
curs on circumneutral to calcareous soils and 
it mostly corresponds to W12 Fagus sylvat­
ica  -  Mercurialis  perennis woodland  and 
W14  Fagus  sylvatica  -  Rubus  fruticosus 
woodland (English Nature 2001).

The New Forest was set aside by William 
the Conqueror in 1079 to give sanctuary to 
deer and other animals, which were hunted 
by  Royal  parties.  Trees  were  protected  by 
Forest law as they provided food and shelter 
for the deer. As time passed, interest in the 
forests  deer  declined  and  the  New  Forest 
started to be managed for timber cultivation. 
Most coppices were established by enclosing 
existing  woodlands to  produce  shoots  suit­
able for fodder, firewood, and hurdle fences 
or  for  converting  into  charcoal.  Later  with 
increasing  pressures  to  supply the  growing 
Royal  Navy,  new areas  were  enclosed and 
planted with conifers to produce timber for 
shipbuilding.  The  first  and  second  World 
Wars resulted in a very chaotic scene. Vast 
areas of broadleaves were planted with fast-
growing  conifers  for  the  war  effort,  some 
others,  were  taken  over  by  the  military 
(Tubbs 1986).

In 1945 the ownership changed hands from 
the Crown to the Minister of Agriculture and 
nature  conservation  started  to  play  a  more 
important  role  in  the  forest,  exercising  an 
even greater influence over its management. 
However,  the  Forestry  Commission,  which 
took over management from the Crown, con­
tinued  to  convert  some  inclosures  from 
broadleaves  to  conifers  and pressures  from 
tourism began to rapidly increase. Today the 
New Forest is regarded as a site of national 
heritage and importance due to the conserva­
tion of its traditional character with the an­
cient  and ornamental  woodland  being con­
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served (Goriup 1999). In 2005 it was recog­
nised as a National Park.

Sampling units investigated
As it was not possible to survey the whole 

area  with  the  available  human  resources, 
monitoring  methods  were  applied  to  a 
sample area of 30 units.  When considering 
the sample units to investigate it was decided 
to use the Sites of Special Scientific Interest 
broadleaved, mixed and yew woodland units 
reported  by  the  English  Nature  website 
(http:/www.english-nature.org.uk),  which 
are used in current monitoring of the conser­
vation status of the site.

A preliminary selection was made deleting 
those units less than one hectare in size. The 
resulting 142 sampling assessment units are 
shown  in  Fig.  2.  A  second  selection  was 
made by randomly choosing 30 units  from 
these  142  using  the  ArcGIS  8.3© Hawth’s 
Analysis  Tools© 2002  Version  2.00  exten­
sion.  The  30  sampling  units  covered  2702 
ha, equal  to 9.2 % of the Natura 2000 site 
and representing 22.4 % of the total forested 
sampling units.

Materials and methods
For  the  purpose  of  this  research,  i.e.,  to 

identify  appropriate  indicators  at  the  local 
scale and to evaluate their cost-effectiveness, 
it was decided to apply two sampling meth­

ods. The first method was based on a survey 
plot commonly used by forest ecologists, in 
which a full list of indicators was taken into 
consideration.  The  second  was  based  on  a 
point transect  method, less commonly used 
by ecologists  than the plot-based approach, 
but considered more time-efficient by some 
(e.g.,  Hall  1991,  Sheil  et  al.  2003).  In this 
case, data were collected for a shorter list of 
indicators. A more detailed description about 
the two methods is provided below.

Plot method
For each of the 30 selected units, a 50 by 

50 m plot was created at a randomly selected 
location within the unit. The start point coin­
cided with the south-west corner of the plot, 
and was located in the field using GPS, giv­
en  the  coordinates  randomly  generated  by 
using ArcGIS 8.3© Hawth’s Analysis Tools© 

2002 Version 2.00 extension.
The basis  for  selecting indicators  to  look 

for in each plot was provided by:
• the existing interpretation of the total body 

of EU law (i.e., European Commission/DG 
Environment  2000,  European  Commis­
sion/DG Environment 2003b);
• initiatives  to  promote  sustainable  forest 

management  and  other  processes  such  as 
the “Ministerial Conference for the Protec­
tion of forest in Europe” (MCPE), the “In­
dicators  for  monitoring and  evaluation  of 
forest  biodiversity  in  Europe”  project 
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Fig. 1 - Assessment units in The Cansiglio Forest. Data provided by Del Favero (2000) - re­
produced with permission.

Fig. 2 - Assessment units in the New Forest. Data provided by English Nature © 1998-2005 
English Nature - reproduced with permission.
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(BEAR)  and  the  Italian  “Monitoring  of 
Forest  Ecosystems”  program  (CON­
ECOFOR) and “Carta della Natura” project 
(APAT 2004);
• the  proposed  National  Programme  for 

monitoring  Natura  2000  sites  (Ministero 
dell’Ambiente e della Tutela del Territorio 
2003, JNCC 2004);
• relevant  scientific  literature  (i.e.,  Hall 

1991,  Noss  1990,  Keddy  &  Drummond 
1996,  Prabhu  et  al.  1996,  Shaw & Wind 
1997, Ferris & Humphrey 1999, Gasparini 
&  Tosi  2000,  Lindenmayer  et  al.  2000, 
Christensen et al. 2005, Lamonaca 2005).
Indicators  were  selected  that  were  relat­

ively  easy  to  measure,  not  requiring  too 
much expert knowledge and interpretation.

Data for survey were collected to calculate 
the 22 indicators listed below:
•number and species of stems (stems ha-1), 

basal  area  (m2 ha-1),  mean  diameter  and 
standard deviation of diameters (cm), num­
ber of big trees (diameter at breast height 
bigger than 50 cm);
•dominant and mean height (m);
•number and species of saplings (number of 

individuals lower than 10 cm in diameter 
ha-1);
• crown coverage (%);
•vertical  and  horizontal  structure  (qualitat­

ive groups);
•volume and degree of decomposition both 

of  fallen  and  standing  dead  wood  more 
than 10 cm in diameter (m3 ha-1);
•ground flora vegetation (number of species 

and  percentage);  a  species  identification 
and an estimate of their coverage were per­
formed using Braun-Blanchet indices. A 20 
by 20 m subplot in the Cansiglio Forest and 
a 10 by 10 m subplot  in the  New Forest 
were used for this indicator; the area of the 
subplot was determined from a species/area 
curve  (e.g.,  Roberts-Pichette  &  Gillespie 
1999);
•number and species  of seedlings  (number 

of individuals lower than 1.3 m in height). 
A 3.5 by 3.5 m subplot in Cansiglio Forest 
and a 10 by 10 m subplot in New Forest 
were used; subplot measures were derived 
from a number of individuals/area curve;
•damage  caused  by  wind,  snow,  forestry, 

deer, insects, fungi, fire were recorded only 
when affecting more than 10 % of the plot 
area.
The  time  required  to  collect  data  for  the 

above indicators  was recorded.  The survey 
teams were usually composed of two people.

Transect method
For each of the 30 selected units a north-

orientated  100 m transect  was also created 
(Fig. 3). The start-point was coincident with 
the south-west corner of the plot. When the 
transect was found to end in a different unit, 
an east-west transect was used instead.

Data were collected using a distance-based 

sampling  method,  combining  the  point 
centre quarter method (e.g.,  Morisita 1954) 
with  the  multiple-nearest-tree  technique 
(e.g.,  Hall  1991).  For  each  transect,  three 
fixed  points  were  surveyed  50  m  distant 
from each other. At each point, distance and 
diameter of the first 4 trees per quarter were 
collected;  therefore  a  total  number  of  48 
trees were sampled for each transect.

With the transect-based method, only num­
ber of stems, species number and diameter at 
the breast height (dbh) were taken into con­
sideration as indicators. As in the plot meth­
od,  time  to  collect  the  data  was  recorded. 
The survey teams were usually composed of 
two people.

Results
In order  to answer the  research questions 

the  following  statistical  analyses  were  per­
formed:
• three paired-t tests to compare the time ne­

cessary to collect  data in the plot  method 
with the time required to collect data using 
the transect method;
• a forth paired-t test to evaluate differences 

in number of stems and basal area using the 
two methods;
• a  correlation  analysis  between  indicators 

considered in the plot method to examine 
relationships  which  could  allow  values 
from one indicator to be predicted from an­
other, and thereby reducing the amount of 
field data to be collected.

Cost effectiveness
To assess cost-effectiveness  three paired-t 

tests  were  performed  comparing:  (i)  time 
spent setting the plot and the transect up, (ii) 
time  collecting  data  for  the  indicators  in 
common  between  the  two  methods,  i.e.,  
number of trees and basal area, (iii) time re­
quiring for the indicators considered in the 
plot and the indicators considered in the tran­
sect method.

In the Cansiglio Forest it was found that:
• the time spent to set-up the plot is longer 

than the time spent to set-up the transect; 
respectively  45 ±  1.8  mins  and 24  ±  1.4 
mins (P<0.001);
• the same time is required to measure dbh in 

the two methods; 41 ± 3.3 mins in the plot, 
47 ± 3.0 mins in the transect (P>0.05);
• the time spent for the 22 diversity indicat­

ors considered in the plot is longer than the 
time spent  for  the  indicators  i.e.,  number 
and species of trees and basal area in the 
transect; respectively 150 ± 7.0 mins; 47 ± 
3.0 mins (P<0.001).
Therefore, when considering the two meth­

ods in their entirety, the plot method requires 
more time (195 ± 7.6 mins) than the transect 
method (71 ± 3.8 mins, P<0.001).

In the  New Forest  it  was  similarly found 
that:
• the time spent to set-up the plot is longer 

than the time spent to set-up the transect; 
respectively  37 ±  2.6  mins  and 18  ±  1.0 
mins (P<0.001);
• the same time is required to measure dbh in 

the two methods; 59 ± 3.8 mins in the plot, 
54 ± 2.7 mins in the transect (P>0.05);
• the time spent to collect the data for all di­

versity indicators in the plot is longer than 
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Fig. 3 - Illustration of the 100 m transect which the sampling transect method is based upon.
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the time spent to collect  indicators in the 
transect;  respectively 108 ± 4.5 mins and 
54 ± 2.7 mins (P<0.001).
Therefore, when considering the two meth­

ods in their entirety,  the plot-based method 
requires more time (144 ± 6.2 mins) than the 
transect (71 ± 3.3 mins, P<0.001).

Data accuracy and consistency
Given  that  in  both  study  areas  the  two 

methods differed in the time required for the 
data to be collected, a paired-t test was per­
formed to see if  the estimates of biometric 
indicators,  i.e.,  the  number  of  trees  per  ha 
and the basal area per ha, were the same us­
ing the plot-based and transect-based meth­
ods.

In the Cansiglio Forest it was found that:
• the same number of trees per ha was recor­

ded using both methods; 342 ± 33 trees ha-1 

in the plot; 313 ± 33 trees ha-1 in the tran­
sect (P>0.05);
• the plot method gives us the same value of 

basal area per ha than the transect one; 35.2 
± 1.73 m2 ha-1 in the plot; 33.6 ± 2.33 m2 

ha-1 in the transect (P>0.05);
In the  New Forest  it  was  similarly found 

that:
• the  same number  of  trees  per  ha  in  both 

methods;  256 ± 19 trees  ha-1 in  the  plot; 
237 ± 26 trees ha-1 in the transect (P>0.05);
• the  plot  method  gives  the  same value  of 

basal area per ha than the transect; 33.7 ± 
1.93 m2 ha-1 in the plot; 31.5 ± 2.56 m2 ha-1 

in the transect (P>0.05).

Correlation between indicators
A  correlation  analysis  was  performed 

between indicators considered in the survey 
plot in order to test the possibility of priorit­
izing some of them.

In  the  Cansiglio  Forest  some  statistically 
significant  relationships  were  found  bet­
ween:
• the  volume  of  fallen  dead  wood and  the 

stems number and the basal area (respect­
ively Pearson’s r = 0.524,  P<0.001; Pear­
son’s r = 0.416, P<0.05);
• the decomposition of fallen dead wood and 

the  basal  area  (Pearson’s  r  =  -0.368, 
P<0.05);
• the volume of standing dead wood and the 

stem  number  and  basal  area  and  the 
volume of fallen dead wood (respectively 
Spearman’s r = 0.419, P<0.05; Spearman’s 
r = 0.381,  P<0.05; Spearman’s r = 0.388, 
P<0.05);

In the New Forest some statistically signific­
ant relationships were found between:
• the volume of standing dead wood and bas­

al area and the number of big trees (Spear­
man’s r = 0.533,  P<0.001; Spearman’s r = 
0.456, P<0.05);
• the  degree  of  decomposition  of  standing 

dead wood and the basal area (Pearson’s r 
= 0.445, P<0.05).

Discussion
The overall aim of this study was to define 

a  cost-effective  methodological  framework 
based on indicators for biodiversity to monit­
oring  and  reporting  on  the  conservation 
status  of  woodland  units  protected  within 
Natura 2000 sites. Two monitoring methods 
were  applied:  (i)  the  plot  based method in 
which data were collected for a core set of 
22  indicators  and  (ii)  the  transect  based 
method  in  which  only  3  indicators  were 
taken into consideration.  Indicators focused 
on forest structure and stems composition in 
both methods, on saplings, herbal layer com­
position  and  dead  wood  only  in  the  plot 
method.

Regarding the cost-effectiveness aspect of 
the two monitoring methods the study con­
firmed that in both study areas the plot-based 
method  is  less  efficient  in  terms  of  time 
taken  to  collect  the  data  (195  mins  in  the 
Cansiglio, 144 mins in the New Forest) than 
the transect method (71 mins in both areas - 
P<0.001).  However  when  only  number  of 
stems and basal area are considered as indic­
ators within the two methods, then there is 
no  significant  difference  between  the  time 
taken (41 mins  in the  plot,  47 mins  in the 
transect in the Cansiglio, 59 mins in the plot, 
54  mins  in  the  transect  in  the  New Forest 
(P>0.05). But the time to set up the plot was 
found to be longer than the time to set up the 
transect.  Therefore  when  including the  set­
ting up, the plot method appeared to be more 
time consuming than the transect based even 
in the case of considering the only indicators 
in common.

Regarding the accuracy and consistency of 
data collected no difference in the number of 
stems (342 stems ha-1 in the Cansiglio, 256 
stems ha-1 in the New Forest referring to the 
plot;  313  stems  ha-1 in  the  Cansiglio,  237 
stems ha-1 in the New Forest referring to the 
transect) and basal area (35.2 m2 ha-1 in the 
Cansiglio, 33.7 m2 ha-1 in the New Forest re­
ferring  to  the  plot;  33.6  m2 ha-1 in  the 
Cansiglio, 31.5 m2 ha-1 in the New Forest re­
ferring to the transect) were found using the 
two monitoring methods.

Considering both study areas, the correla­
tion  analysis  found  many  significant  rela­
tionships  between  indicators  especially  for 
those related to basal area and dead wood. In 
particular the volume of standing dead wood 
was positively correlated with basal area in 
both sites. However, more research needs to 
be done in order to prioritize cost effective 
indicators and reducing in this way field ef­
forts.

Natura  2000 calls  for  a  level  of  environ­
mental  protection  and  it  requires  environ­
mental  considerations  to  be  integrated  into 
other policies with a view to promoting sus­
tainable development. This is especially im­
portant for forest ecosystems, as forest habit­
ats and forest species will be included in the 

Natura 2000 network in over half of all sites. 
This means that more attention will have to 
be  paid  to  integrating  conservation  object­
ives into forest management. A prerequisite 
to achieve this is effective and relevant mon­
itoring through cost-effective indicators cov­
ering the different elements of biodiversity at 
the  scale  of  forest  management  units.  The 
DG  Environment  B2  (Nature  and  Biod­
iversity) stressed that: i) monitoring of habit­
ats and species is an obligation under Article 
11 of the Habitats Directive; ii) data eventu­
ally reported to the Commission needs to be 
comparable and compatible in order to allow 
for  analysis  at  a  European  Union  scale 
(European Commission 2005). However, yet 
issues  relating  to  the  cost-effectiveness  of 
biodiversity monitoring have not figured in 
European  conservation  research  and  policy 
making (BEF 2005).

This work has been a contribution to  the 
challenging task of monitoring implementa­
tion  in  Natura  2000  policy  context.  Two 
biodiversity monitoring methods within two 
Natura 2000 sites have been compared. Res­
ults suggested that surveying a subset of in­
dicators using transect methods may provide 
the  most  efficient  way  for  environmental 
agencies, and any organisations dealing with 
the  management  of  Natura  2000  forested 
sites of assessing the conservation status of 
forested  habitats  at  a  local  scale.  The pro­
posed  analysis  does  not  pretend  to  be  ex­
haustive and the need for further research is 
acknowledged.

Natura 2000 biodiversity monitoring issues 
could be greatly reduced in the future by:
• the  use  of  another  monitoring  scheme to 

find  out  if  there  are  simpler  ways  of 
achieving the same conditions assessment, 
such as structured walks covering a larger 
area,  in  which  a  simple  questionnaire  is 
completed.  A questionnaire based method 
should assist forest managers in evaluating 
conservation status in a less time-consum­
ing  way  than  the  plot  and  the  transect 
method; it should also involve less physical 
work and fewer specialist ecological skills. 
Application of this method is described by 
English  Nature  (2003)  in  lowland  heath­
land and a similar approach is already used 
by the  English  Nature  to  assess  the  New 
Forest (personal communication: Craig A. 
June  8th 2004,  Westerhoff  D.  May  25th 

2005);
• a study to find out to what extent the prac­

tice of scoring indicators (e.g., Lähde et al. 
1999,  Du  Bus  De  Warnaffe  &  Devillez 
2002, APAT 2004) is a useful approach for 
assessing conservation condition.
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