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Introduction

The  International  Long  Term Ecologi-
cal Research Network (ILTER)

The long term ecological research (LTER) 
was founded in 1993 in order to work at lo-
cal, regional and national level to share data, 
cooperate  on  global  projects,  integrate  fin-
dings and deliver peer-reviewed research to 
decision-makers  and  the  public  (Kaufmann 
&  Anderson  2006).  In  the  United  States, 
studies of ecosystems based on sites (forest, 
watershed and rangeland) started in the early 
1900s (Peters 2010). Currently, the interna-
tional long term ecological research (ILTER) 
network  (http://www.ilternet.edu/)  involves 
40 contributing countries (Tab. 1), reflecting 
the  increased  importance  of  long  term re-
search in addressing complex environmental 
issues at  global  scale.  Italy entered the IL-
TER Network in 2006, following the initiat-
ive of a core group of experts from National 
Forest Service (Corpo Forestale dello Stato), 
National  Research  Council  (Consiglio 
Nazionale  delle  Ricerche),  Anthon  Dohrn 
Zoological  Station  and  Italian  Society  of 
Ecology.  At  the  moment,  LTER  Italy 
(http://www.lteritalia.it/)  consists  of  an  in-
tegrated group of 20 sites in terrestrial, fresh-
water  and  marine  ecosystems,  where  long 
term ecological monitoring is performed and 
historical  dataset  series  are  maintained  and 
updated.  Among  terrestrial  sites,  five  sites 

represent  forest  ecosystems.  Eighteen  re-
search institutes and university departments 
are responsible for coordination of scientific 
activities  at  LTER Italy sites.  The national 
coordination of LTER is currently run by the 
National Research Council.

The basic concepts of Long Term Eco-
logical Research

The most peculiar trait of long term studies 
is the historical data series they can rely on. 
A three to five years project is usually con-
sidered a long term study, just because it ex-
tends  over  the  usual  duration  of  classical 
projects (1 to 3 years); actually, it would be 
correct to label a research project as a long 
term study in relation to the time span of the 
target ecosystem cycle,  that  is only in case 
the study goes on for as long as the ecosys-
tem process  under  investigation  (Strayer  et 
al.  1986).  Long  term  studies  have  been 
building valuable historical ecological data-
sets  across the world  and addressing ques-
tions that involve phenomena that could be 
partially or  incorrectly evaluated  when ob-
served  over  short  (1-2  years)  time  scales 
(Risser  1991,  Magurran  et  al.  2010).  As a 
consequence,  candidate  subjects  for  long 
term studies  are:  (1)  slow phenomena;  (2) 
subtle patterns, obscured in large matrices of 
data; (3) rare events; (4) complex processes, 
depending  on  multiple  variables  (Likens 
1989,  Risser  1991,  Magurran  et  al.  2010). 

Long term studies are usually related to the 
health or functioning of ecosystems and may 
help  in  understanding  ecosystem responses 
to  global  environmental  changes.  Linden-
mayer  & Likens (2009) have proposed  the 
paradigm  of  adaptive  monitoring  for  long 
term  ecological  research.  The  concept  en-
compasses the maintenance of long term mo-
nitoring on a core set of variables, but with a 
background research question.  As data col-
lection goes on, the focused target question 
can  change  or  evolve  into  a  new question 
and monitoring adapts along an iterative and 
flexible process, where sampling design and 
overall analytical approach can be adjusted, 
keeping  the  integrity  of  long  term  series. 
Five core areas have been suggested for long 
term  investigation  of  ecosystem  processes 
(Strayer  et  al.  1986,  Likens  1989,  Risser 
1991): (1) spatial and temporal distribution 
of populations; (2) pattern and frequency of 
disturbance;  (3)  pattern and control  of pri-
mary production; (4) pattern and control of 
organic  matter accumulation;  (5)  pattern of 
inorganic  input  and  movements  through 
soils. Moreover, ecological large scale phe-
nomena  of  global  concern  like  climate 
change,  pollution,  impact  of  management 
and  land  use change,  biodiversity loss  and 
distribution of invasive species comfortably 
match  the  LTER  concept  (Strayer  et  al. 
1986,  Likens  1989,  Risser  1991).  On  the 
other side, studies on individual species, spe-
cies lists or indices derived from species lists 
are generally not suitable to long term ecolo-
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gical research, as this kind of studies requi-
res equivalency among sites, which is hardly 
respected  across  huge  environmental  gra-
dients  like  those  covered  by  LTER  sites 
(Seastedt & Briggs 1991).

Characteristics of LTER sites
Long term ecological  research relies on a 

scientific  approach  that  is  strongly  site-
based.  Though  indoor  experiments  may be 
performed and modeling can be used to ex-
plore and use datasets (Likens 1989), basi-
cally long term ecological research works on 
a network of sites and/or  research facilities 
across  the  world,  where  field  observations 
and  sampling  are  performed.  According  to 
an ex-post rule adopted within the European 
LTER governance structure (http://www.lter-
europe.net/), a LTER “site” is a research and 
/or monitoring facility, that can be made up 
by one or more “research stations” (field sta-

tions - Tab. 2). But LTER governance struc-
ture and research mandate are built on a bot-
tom-up  rather  than  a  top-down  approach 
(Parr et al. 2002), thus creating a collection 
of sites rather than a network with a specific 
systematic  or  stratified  design.  Generally, 
sites  represent  habitat  types  in  terrestrial, 
freshwater  and  marine  ecosystems  and  are 
selected  given  the  accomplishment  of  the 
following criteria: (1) the existence of long 
series  of  ecological  data;  (2)  the  develop-
ment  of  research  activities  on  ecological 
issues of  global  concern  (biodiversity loss, 
climate change, land use change etc.); and fi-
nally  (3)  an  open  policy  for  cross-site 
scientific cooperation (Kaufmann & Ander-
son 2006). So,  for the existing networks,  a 
post-hoc adaptation  of  sites  and  measure-
ments  is  strongly  advised,  thought  it  may 
open  the  way  to  methodological  issues 
(Beard et al. 1999, Sutherland 2006).

Forest sites within LTER Italy
LTER Italy includes five sites representing 

forest ecosystems (Tab. 3): (1) Forests of the 
Alps, made up of 5 stations, where the main 
biotic communities are primary and seconda-
ry stands dominated by spruce (Picea abies 
L.);  (2)  Forests  of  the  Apennines,  whose 
three  stations  are  Fagus  sylvatica L.  high 
forests and coppice stands, the latter mixed 
with secondary meadows; (3) Mediterranean 
forests, represented by mixed old coppice of 
Quercus ilex L. and Quercus cerris L. domi-
nated forests, over four stations; (4) Castel-
porziano  Estate,  including  relevant  patches 
of mixed deciduous oak forest (Quercus cer-
ris L.,  Quercus frainetto TEN.,  Quercus ro-
bur L.), Mediterranean evergreen oak forest 
(Quercus ilex L., Quercus suber L.) and Me-
diterranean  pine  forest  (Pinus  pinea L.), 
once covering the whole estuary of the river 
Tevere  and  the  surrounding  landscape,  to-
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Tab. 1 - ILTER member Countries (http://www.ilternet.edu/).

Continent ILTER member 
Country Name of the National LTER Network

America Canada EMAN - Ecological Monitoring and Assessment Network
U.S.A. US LTER - United States Long Term Ecological Research Network
Mexico Mex LTER - Red Mexicana de Investigación Ecológica a Largo Plazo
Costa Rica CRLTER - Costa Rica Long Term Ecological Research Network
Venezuela ECORED - Red Venezolana de Estaciones de Investigación Ecológica a Largo Plazo
Brazil PELD - Pesquisas Ecológicas de Longa Duração
Uruguay IELDU - Investigaciones Ecológicas de Larga Duración

Europe Finland FinLTSER - Finnish Long Term Socio-Ecological Research Network
Latvia LTERLatvia - Latvia Long Term Ecological Research Network
Lithuania Lithuanian LTER - Lithuanian Long Term Ecological Research Network
U.K. ECN - Environmental Change Network
Germany LTER-D - German Long Term Ecological Research Network
Poland LTER Poland - Polish Long Term Ecological Research Network
Czech Republic CZLTER - Czech Long Term Ecological Research Network
Slovakia LTER Slovakia - Slovak Long Term Ecological Research Network
Austria LTER Austria - Austrian Long Term Ecological Research Network
Slovenia LTER Slovenia - Slovenia Long Term Ecological Research Network
Romania LTER Romania - Romanian Long Term Ecological Research Network
Hungaria LTER Hungaria - Hungarian Long Term Ecological Research Network
Serbia LTER Serbia - Serbia Long Term Ecological Research Network
Bulgaria LTER Bulgaria - Bulgarian Long Term Ecological Research Network
Switzerland LWF - Switzerland Long Term Forest Ecosystem Research
Italy LTER Italy - Italian Long Term Ecological Research Network
France LTER France - French Long Term Ecological Research Network
Spain LTER Spain - Spanish Long Term Ecological Research Network
Portugal LTER Portugal - Portugal Long Term Ecological Research Network

Middle East Israel LTER Israel - Israeli Long Term Ecological Research Network
Africa Zambia LTER Zambia - Zambia Long Term Ecological Research Network

Malawi LTER Malawi - Malawi Long Term Ecological Research Network
Mozambique LTER Mozambique - Mozambique Long Term Ecological Research Network
Namibia Gbb EON - Gobabeb Training and Research Centre - Environmental Observation Network
South Africa SAEON - South African Environmental Observation Network

Asia Mongolia Hövsgöl Ecology - Mongolian Long Term Ecological Research Network
China CERN - Chinese Ecosystem Research Network
Korea KLTER - Korea Long Term Ecological Research Network
Japan JaLTER - Japanese Long Term Ecological Research Network
Taiwan TERN - Taiwan Ecological Research Network
Philipines LTER Philippines - Philippines Long Term Ecological Research Network
Thailand LTER Thailand - Thailand Long Term Ecological Research Network

Pacific South East Australia LTER Australia - Australian Long Term Ecological Research Network

http://www.lter-europe.net/
http://www.lter-europe.net/
http://www.ilternet.edu/
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gether  with  other  different,  typically Medi-
terranean,  ecosystems,  like  the  Mediterra-
nean maquis and coastal dunes; (5) Lowland 
forest “Bosco della Fontana”, composed by 

three  main  communities:  a  mesophilous 
Quercus robur L. stand, a mesoxerophilous 
forest  with  Quercus  cerris L.  and  a  meso-
hygrophilous  one  with  Fraxinus  oxycarpa 

Bieb. (Campanaro et al. 2007). Ten of the 15 
research stations included in forest sites be-
long to the CONECOFOR Network that star-
ted in Italy in 1995, as national branch of the 
ICP  Forests  Programme  (http://www.icp-
forests.org), in the framework of Regulation 
(EC)  no.  1091/94  and  under  the  UN-ECE 
Convention  on Long Range Transboundary 
Air  Pollution.  In  each  of  these  stations,  a 
permanent monitoring plot (pmp) is installed 
in a fenced 50 x 50 m square area. The Pro-
gramme has the main objective of monito-
ring the effects of air pollution on the health 
of forests and has been collecting about 15 
years of data on a robust set of environmen-
tal parameters at plot level (Tab. 4). Further-
more, five research stations are included in 
national  or  regional  natural  protected  areas 
(Valbona Forest Reserve, Oriental Alps Pre-
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Tab. 2 - LTER Europe site main characteristics (Mirtl et al. 2008 - simplified).

Criteria LTER site feature
Synonym Traditional LTER site
Design Simple (square, circular, irregular shape area)
Consists of field stations within the site (plots, grid points, equipment)
Size 1-10 km2

Frequency per country 5-20
Frequency in Europe 100-300
Number of institutions per site 1 or few
Plot scale Yes
Habitat or local scale Yes
Landscape scale No

Tab. 3 - European forest types and corresponding EUNIS habitats represented by LTER Italy research stations ( European Environmental 
Agency 2007). (*): research stations belonging to the ICP Forests Programme.

Sites LTER Italy forest sites 
and research stations

European forest types EUNIS Habitat Classification
Code Forest type Code Habitat

LTER Italy site no. 
02: Forests of the 
Alps

*Val Masino 
(Val Masino - SO)

6.3.2 Subalpine and mountainous spruce 
and mountainous mixed spruce-silver 
fir forest

G3.1 Fir and spruce woodland

*Renon 
(Renon - BZ)

6.3.2 Subalpine and mountainous spruce 
and mountainous mixed spruce-silver 
fir forest

G3.1 Fir and spruce woodland

*Passo Lavazè 
(Daiano - TN)

6.3.2 Subalpine and mountainous spruce 
and mountainous mixed spruce-silver 
fir forest

G3.1 Fir and spruce woodland

*Tarvisio 
(Tarvisio - UD)

6.3.2 Subalpine and mountainous spruce 
and mountainous mixed spruce-silver 
fir forest

G3.1 Fir and spruce woodland

Valbona Reserve 
(Predazzo - TN)

6.3.2 Subalpine and mountainous spruce 
and mountainous mixed spruce-silver 
fir forest

G3.1 Fir and spruce woodland

LTER Italy site no. 
03: Apennines 
forests

*Selva Piana 
(Collelongo - AQ)

6.7.3 Apennine - Corsican mountainous 
beech forest
Southern Italian Beech forest

G1.68 Beech woodland

*Piano Limina 
(Giffone - RC)

6.7.3 Apennine - Corsican mountainous 
beech forest
Southern Italian Beech forest

G1.68 Beech woodland

Torricchio Reserve 
(Macerata)

6.7.3 
6.8.8

Apennine - Corsican mountainous 
beech forest, Other thermophilous 
deciduous forests

G1.6 
G1.7

Beech woodland,
Thermophilous deciduous forest

LTER Italy site no. 
04: Mediterranean 
forests

*Monte Rufeno 
(Acquapendente - VT)

6.8.2 Turkey oak, Hungarian oak and 
Sessile oak forest

G1.7 Thermophilous deciduous forest

*Ficuzza 
(Godrano - PA)

6.8.2 Turkey oak, Hungarian oak and 
Sessile oak forest

G1.7 Thermophilous deciduous forest

*Colognole 
(Livorno)

6.9.1 Mediterranean evergreen oak forest G2.1 Mediterranean evergreen oak wood-
land

Monte Rufeno Reserve 
(Acquapendente - VT)

6.8.2 Turkey oak, Hungarian oak and 
Sessile oak forest

G1.7 Thermophilous deciduous forest

LTER Italy site no. 
18: Castelporziano 
Estate

Castelporziano forest 
(Roma)

6.8.2 
6.9.1 

6.10.1

Turkey oak, Hungarian oak and 
Sessile oak forest Mediterranean 
evergreen oak forest, Thermophilous 
pine forest

G1.7 
G2.1 
G3.7

Thermophilous deciduous forest, 
Mediterranean evergreen forest, Low-
land mediterranean pine woodland

LTER Italy site no. 
05: Lowland forests

*Bosco Fontana 
(Mantova)

6.5.1 Peduncolate oak - hornbeam forest G1.A Meso- and eutrophic oak, hornbeam, 
ash, sycamore, lime, elm and related 
woodland

Bosco Fontana Reserve 
(Mantova)

6.5.1 Peduncolate oak - hornbeam forest G1.A Meso- and eutrophic oak, hornbeam, 
ash, sycamore, lime, elm and related 
woodland

http://www.icp-forests.org/
http://www.icp-forests.org/
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dazzo  -  Siror,  Trento;  Montagna  di  Tor-
ricchio,  central  Apennines,  Pievetorina  and 
Montecavallo - Macerata; Monte Rufeno Re-
gional  Natural  Reserve,  central  Italy,  Ac-
quapendente  -  Viterbo;  Castelporziano  Es-
tate,  central  Italy  -  Rome;  Bosco  della 
Fontana State Natural Reserve, Po Valley - 
Mantova), where additional research or mo-
nitoring activities are carried out according 
to  national  regulations,  local  management 
plans, as well as specific projects, thesis etc. 
In  this  case,  the  dataset  is   often  enriched 
with more data on fauna biodiversity (Tab.
5) and the main aim of studies is conserva-
tion.  The  choice  of  clustering  different  re-
search  stations  to  form  a  forest  site  goes 
back to the starting phases of the implemen-
tation of the national LTER network: it is re-
lated  to  the  aim  of  grouping  different  re-
search stations, saving long and uninterrup-
ted datasets, in major forest ecosystem types, 
also highlighting cooperation among several 
institutes  responsible  for  different  research 
lines. The ongoing processes of restructuring 
the  European  network  and  harmonizing 
monitoring activities will presumably lead to 
the selection of some stations that, while still 
complying with LTER criteria, will be spe-
cifically  able  to  sustain  research  plans  on 
common questions, parameters and methods 
as  individual  long term ecological  research 
sites.

Examples  of  research  and  monitoring  
from LTER Italy forest sites

In this section, we present some examples 
of  monitoring  and  research  projects  imple-
mented at LTER Italy forest sites. We selec-
ted  these  projects  to  illustrate  the  research 
cooperation  among  different  institutes.  In 

addition, we also discuss the CONECOFOR 
Programme, which includes one or more re-
search  stations  in  each  LTER  Italy  forest 
site.

The CONECOFOR Programme
The CONECOFOR Programme is  a  long 

lasting forest monitoring programme started 
in Italy in 1995 under Regulation (EC) no. 
1091/94 and the Convention on Long Range 
Transboundary Air Pollution of United-Na-
tions  Economic  Commission  for  Europe 
(CLRTAP UN/ECE - Petriccione & Pompei 
2002,  Ferretti et al. 2006). At its beginning, 
the programme included 20 monitoring plots 
in forest ecosystems, selected on the base of 
their  suitability to  represent  forest  types  in 
Italy and to provide rich datasets on environ-
mental  conditions.  Later,  new  monitoring 
stations were incorporated to reach a total of 
31  study areas  in  2005.  The investigations 
carried  out  at  the  permanent  monitoring 
plots  include  crown  condition  assessment, 
chemical content  of soil  and foliage,  depo-
sition chemistry, tree growth, ground vegeta-
tion,  meteorological  conditions  (Ferretti  et 
al.  2006).  At selected plots,  litter  fall,  leaf 
area index, chemistry of soil solution and ad-
vanced soil  parameters  are  also  monitored. 
Additional  biodiversity parameters (epiphy-
tic  lichens,  deadwood,  invertebrates)  were 
studied in 2003 (http://www.forestbiota.org). 
The collected data are regularly submitted to 
the relevant bodies responsible for the data-
base,  including  QA/QC  data  policy.  From 
1995  to  2000,  the  data  collected  from all 
CONECOFOR plots under Regulation (EC) 
no.  1091/94  were  submitted  to  the  FIMCI 
(Forest  Intensive  Monitoring  Coordinating 
Institute,  The  Netherlands);  data  gathered 

from 2001  to 2006  under  Regulation  (EC) 
no. 2152/2003 (Forest Focus) were submit-
ted to  the European  Commission Joint  Re-
search Centre (Ispra, Italy). After Forest Fo-
cus  regulation  expiration  in  2006,  monito-
ring activities  have been  carried  out  under 
the  financial  support  of  the  Project  “Fut-
Mon”, a LIFE+ Project for the implementa-
tion of a European forest monitoring system 
(http://www.futmon.org/).  CONECOFOR 
study areas and the activities implemented at 
plot  level  have  been  the  basis  for  several 
studies  about  forest  conditions  (Petriccione 
et  al.  2009a),  effects  of climate  change  on 
forest ecosystems (Petriccione et al. 2009b), 
biodiversity  assessment  (Bredemeier  et  al. 
2007). Ten of these monitoring stations are 
today included in 4 LTER Italy forest sites.

The EFOMI Project
Between 2001 and 2004, the EFOMI Pro-

ject (Ecological Evaluation in Alpine Forest 
Ecosystems  by  Integrated  Monitoring  - 
http://www.iasma.it/sperimentazione_con-
text.jsp?ID_LINK=2424&area=6),  funded 
by the Autonomous Province of Trento and 
coordinated  by the  Istituto  Agrario  di  San 
Michele all’Adige (Trento, Italy) had the aim 
of  assessing  the  health  status  of  Trentino 
(north-east Italy) woodlands. Two sites were 
investigated  for  several  ecosystem parame-
ters,  including  climate,  air,  soil  and  water 
chemistry,  vegetation  and  selected  animal 
communities. One of the study areas (Passo 
Lavazè, Trento) is a subalpine spruce forest 
belonging to the ICP Forests Programme and 
the  LTER  Italy  forest  site  “Forests  of  the 
Alps”. The general objectives of the Project 
were: (1) to achieve an in-depth knowledge 
of mechanisms regulating the ecological sta-
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Tab. 4 - Environmental parameters assessed at LTER Italy forest sites. (*): Research stations belonging to the ICP Forests Programme. (a):  
the station Selva Piana is included in several other networks (FluxNet, CarboEurope-IP, NitroEurope) and research is coordinated by CNR-
IBAF. (♦): monitoring parameters activated in 2009.
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Forests of the Alps *Val Masino × × × × × × × × × × × × -
*Renon × × × × × × × × × × × × ×
*Passo Lavazè × × × × × × × × × × × × ×
*Tarvisio × × × × × × × × × × × × -
Valbona Reserve × × - - × × × - × - × × ×

Apennines forests *Selva Piana (a) × × × × × × × × × × × × ×
*Piano Limina × × × × × × × × × × × × -
Torricchio Reserve × × × × × × × - - - - × ×

Mediterranean forests *Monte Rufeno × × × × × × × × - × × × -
*Ficuzza ♦ × × × × × × × × × × × -
*Colognole × × × × × × × × × × × × -
Monte Rufeno Reserve × × - - × × × - - - - × ×

Castelporziano Estate Castelporziano forest × × - - × × × × - - × - ×
Lowland forests *Bosco Fontana ♦ ♦ × ♦ × × × × × × × - ×

Bosco Fontana Reserve × - × - × × × × × - × - ×
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bility of forest stands, especially in relation 
to the main disturbance factors; (2) to clarify 
alterations  in  the complexity of forest  eco-
systems, induced by   direct and indirect im-
pacts  and  climate  change.  Within  Work 
Package 5 of the Project, a characterization 
of zoocoenoses in relation to main environ-
mental factors was developed,  with regards 
to  some  insects  (Lepidoptera,  Coleoptera, 
Auchenorrhynca,  Collembola)  and  small 
mammals  communities.  The Project  contri-
buted to the increase of collected data since 
1992 and could assess the health state of the 
monitored forest stands and the high level of 
biodiversity of flora and fauna (Salvadori & 
Ambrosi 2005).

Bosco della Fontana State Natural Re-
serve

Bosco  della  Fontana  (Mantova,  northern 
Italy) is one of the last remaining portions of 
floodplain  forest  in  the  central  Po  plain. 
After  1950,  forest  management  operations 
were  gradually  decreased  and  then  com-
pletely interrupted (1990) and, although the 
total  surface  of  the  forest  was  heavily  re-
duced (233 ha), quantities of live and dead 
wood have remarkably increased. The forest 
is a Biogenetic Nature Reserve since 1977, 
inserted in the Nature 2000 network as SPZ 
(Special Protected Zone) since 1998 and as 
SCIp (Site of Community Importance) since 
2004. Bosco della Fontana is part of LTER 
Italy, as a single station within the “Lowland 
forests” site and is listed in the Italian Her-
petological  Society  as  a  “Herpetological 
Area  of  National  Relevance”.  Research  is 
coordinated by the Bosco della Fontana Na-
tional Center for the Study and the Conser-
vation of Forest Biodiversity,  which is spe-
cialized in invertebrate taxonomy and dead-
wood, in a context of the long term monito-
ring  of  forest  dynamics  (Cerretti  et  al. 
2004a).  The  structure  of  the  forest  is  gra-
dually  evolving  from  a  mixed  coppice  to 
more mature stages that may eventually lead 
to old growth forest. Currently alien species 
(Quercus rubra L., Juglans nigra L, Plata-
nus spp.) are being eliminated and changed 
into deadwood and microhabitats for sapro-
xylic  organisms  in  the  context  of  a  Life 
Nature  project  for  the  restoration  of  dead-
wood and conservation of saproxylic  fauna 
(LIFE  Natura  Project  NAT/IT/99/6245 
“Techniques  for  re-establishment  of  dead 
wood  for  saproxylic  fauna  conservation”  - 
Cavalli & Mason 2003, Mason et al. 2003). 
Forest dynamics at Bosco della Fontana are 
monitored with a 10-year frequency in three 
permanent “nested” Core Areas. The moni-
toring developed in the Core Areas includes 
structural parameters (e.g.,  eight dendrome-
tric  measures  for  each  georeferenced  tree) 
and  qualitative  parameters  (e.g.,  state  of 
deadwood,  biotic  and  abiotic  damage),  ac-
cording  to  the  method  of  Koop’s  SILVI-

STAR program (Koop 1989); a central area 
nested within each Core Area is dedicated to 
monitoring  of  the  dynamics  of  the  herba-
ceous layer. The data from the core areas are 
interpreted  with  the  Oldeman  silvigenetic 
theory  (Oldeman  1990)  and  regularly  up-
dated  every  10  years  (Mason  2002).  Re-
cently,  studies  on  three-dimensional  (3D) 
structure of the forest using Light Detection 
and Ranging (LiDAR) technique (Gianelle et 
al. 2007) were carried out in order to investi-
gate  relationships  between  3D  structure, 
arthropods biodiversity and habitat (Cerretti 
et al. 2004b,  Stireman et al. 2011). An ICP 
Forests  plot  was  set  up  at  Bosco  della 
Fontana in 2005.

The Valbona Forest Reserve
The  Valbona  forest  reserve  is  located  in 

Trentino (Oriental Alps), between 1500 and 
2100 m a.s.l. It is included in the Paneveggio 
State  forest,  belonging  to  the  Autonomous 
Province of Trento and is part of the natural 
park  Paneveggio  and  Pale  di  S.  Martino 
(Predazzo-Siror, Trento). The main purpose 
of  the  forest  reserve  is  to  develop  forest 
management practices complying with biolo-
gical processes, in order to address both pro-
tection  and  production  values.  Silviculture 
on spruce stands has been the object of stu-
dies in Paneveggio for more than 200 years. 
The Valbona Forest Reserve is divided into 
two parts:  a  50  ha reserve for  forestry ap-
plied research and a wider strict reserve for 
LTER.  Between 1994  and  2004,  six  long-
term 1-ha  ecological  permanent  plots  have 
been  established,  along  an  altitudinal  gra-
dient.  The  Universities  of  Turin  and  Flo-
rence have been carrying out measurements 
on living trees and deadwood, together with 
interpretation of records from historic archi-
ves.  This  investigation  allowed to  map the 

present forest structure. Results also under-
lined the importance of long term research to 
understand dynamics over long time scales: 
evidence has been achieved that the expan-
sion of forest area towards the upper altitu-
dinal belt is mainly due to land use change 
and relief from grazing and human forest ex-
ploitation,  while  tree  growth  processes  are 
related to climate fluctuations, especially re-
garding  summer  temperature  (Motta  & Pi-
ussi 2009).

Selva  Piana  intensive  research  and  
monitoring site

The research station Selva Piana, included 
in the site “Forests of the Apennines”, is an-
other particular case within the Italian LTER 
Network. The station is located near the vil-
lage of Collelongo (Abruzzo region, central 
Italy),  close to the external belt  of the Ab-
ruzzo, Lazio and Molise National Park. The 
Selva  Piana  forest  stand  (41°50′58′′  N, 
13°35′17′′ E, 1560 m elevation) belongs to a 
3000 ha forest community that is part of a 
wider  forest  area.  The  environmental  and 
structural conditions of the stand are repres-
entative of central Apennines beech forests. 
The experimental facility was established in 
1991  to  study  ecology  and  silviculture  of 
typical  Apennines  beech  forests  (Scarascia 
Mugnozza  1999).  In  1993-1994,  the  first 
tower in Europe to measure carbon and wa-
ter vapor exchange between forest and atmo-
sphere was installed at the station (Valentini 
et al.  1996). In  1995-1996, the station was 
one of the first permanent monitoring plots 
within  the  CONECOFOR  monitoring  net-
work,  under  the  ICP  Forests  programme. 
The site is currently equipped with a 26 m 
high scaffold tower with an additional mast 
reaching 32 m, approximately 8-10 m above 
the canopy.  Together  with  the classic vari-
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Tab. 5 - Animal groups investigated at LTER Italy forest sites. (*): research stations belon-
ging to the ICP Forests Programme.

Sites LTER Italy forest sites
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Forests of the Alps *Val Masino x - - - -
*Renon x - - - x
*Passo Lavazè x - - - -
*Tarvisio x - - - -
Valbona Reserve - - - x x

Apennines forests *Selva Piana x - - x -
*Piano Limina x - - - -
Torricchio Reserve x - x - x

Mediterranean forests *Monte Rufeno x - x x x
*Ficuzza x x x x -
*Colognole x x x x -
Monte Rufeno Reserve x - x x x

Castelporziano Estate Castelporziano forest - - - x x
Lowland forests *Bosco Fontana x x x x x

Bosco Fontana Reserve x x x x x
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ables of the CONECOFOR programme, eco-
system  water  and  CO2 fluxes  have  been 
measured  since  1993  with  the  eddy-cova-
riance  technique  (Valentini  et  al.  1996, 
Valentini et al. 2000, Scartazza et al. 2004). 
Leaf Area Index, litter production and other 
ecosystem parameters are measured on sea-
sonal  or  annual  basis  (Cutini  et  al.  1998), 
while  detailed  data  on  above-  and  be-
low-ground  primary  productivity  are  avai-
lable  at  regular  intervals  (Scarascia  Mu-
gnozza et  al.  2000,  Luyssaert  et  al.  2009). 
The  station,  further  to  LTER,  is  currently 
part  of  the  following  networks:  FluxNet 
(CarboEurope and CarboItaly), ICP Forests, 
ICP  IM,  FAO-GTOS,  NitroEurope.  In  this 
respect, the station represents an example of 
cooperation  efforts  among  research  and 
monitoring that is also at the base of LTER 
way of operation.

Consistency of ecological datasets 
at Italian forest sites

The  dataset  built  within  the  ICP  Forests 
Programme  is  a  relatively  long  one:  data 
series started in 1995 in most cases and are 
still  ongoing.  Moreover,  the  ICP  Forests 
Programme has produced standardized data, 
collected according to shared and harmoni-
zed protocols available on line (http://www.-
icp-forests.org,  http://www.forestbiota.org). 
The dataset concerns mainly the vegetation 
component of forest ecosystems and particu-
larly processes regarding vegetation and the 
effects  of  abiotic  variables  on  crowns  and 
growth of tree species, leaves chemistry, soil 
chemistry (Ferretti et al. 2006). At the inter-
face  between  abiotic  variables  and  forest 

conditions there is a strong potential for eco-
logical investigations. This potential has not 
been  fully  exploited  yet,  not  only  at  plot 
level,  but  also  for  inter-site  comparisons. 
Deadwood  sampling,  for  example,  is  cur-
rently implemented  at  several  research  sta-
tions. Even though the plot size, the aims of 
studies and methods are different, the focal 
point represented by this common measure-
ment among sites should be taken into con-
sideration  as  a starting step toward  harmo-
nization.  A gap is also to be recognized in 
data concerning consumers and biodiversity 
(Magurran  et  al.  2010).  Invertebrates  were 
monitored for three years in the frame of a 
pilot  project  (http://www.forestbiota.org - 
Ferretti et al. 2006) and sporadic case studies 
can  be  found  concerning  other  animal 
groups,  but  a  continuous  and  coordinated 
monitoring  is  not  currently  performed. 
Though the plot  scale  is not  suited for  in-
vestigations on spatial and temporal distribu-
tion  of  animal  populations,  some  data  on 
consumers would be of relevance for consi-
derations on their impact on primary produc-
tion, organic matter accumulation and over-
all evaluation of energy transformation,  en-
vironmental stability and quality of ecosys-
tems. Within the network, insects and birds 
are  among  the  most  investigated  animal 
groups (Tab. 5). Different methods are cur-
rently available to survey and sample insects, 
depending on the aims of the study and the 
ecological traits of target families and study 
areas. Also, a wide and shared methodology 
is  available  for  bird  monitoring  at  LTER 
Europe  level  (Vadineanu  et  al.  2005).  So, 
specific working groups would be necessary 

to  start  or  enhance  harmonization  of  me-
thods,  based  on  the  mentioned  common 
parameters.  The  already  existing  research 
lines should be considered and maintained, 
while experiences from LTER Europe mem-
bers  show that  overlaps  and  shifts  of  me-
thods are possible (Sykes & Lane 1996). On 
a different ground, datasets from natural re-
serves  included  in  LTER  Italy  forest  sites 
have a stronger emphasis on both producers’ 
and consumers’ components  of ecosystems. 
These  datasets  address  specific  ecological 
questions  on  processes,  relying  on  data 
series  going  back  in  several  cases  to  past 
centuries; however methods, duration, inten-
sity and interval of sampling and even taxo-
nomic targets often differ from one case to 
another,  thus  making  harmonization  and 
comparison  between  studies  very  difficult 
(Magurran et al. 2010).

Moreover, ecological issues of global con-
cern should also be considered. Examples of 
LTER activities addressing biodiversity loss, 
climate  change,  land  use  change  at  large 
scale exist  in  LTER Europe:  in  UK LTER 
Network,  ground beetles (Coleoptera, Cara-
bidae) and the ubiquitous harvestman  Mito-
pus morio are monitored  at  terrestrial  sites 
for species abundance and features respon-
ding to climate change and changes in land 
management (Sykes & Lane 1996, Morecroft 
et al. 2009). Although not directly linked to 
LTER Europe,  another  example is the esti-
mation of the effect of the 2003 heat wave 
on  European  ecosystems’  carbon  balance, 
that  was assessed using data from research 
and  monitoring  networks,  remote  sensing 
and process modeling.
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Tab. 6 - Potential suitability of LTER Italy forest research stations to address five suggested LTER core areas and current ecological issues  
of global concern. (*): research stations belonging to the ICP Forests Programme. (x): potential suitability of research station to address the 
corresponding question.
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Forests of the Alps *Val Masino - x x x x - x -
*Renon - x x x x x x -
*Passo Lavazè x x x x x x x -
*Tarvisio - x x x x - x -
Valbona Reserve x x x - x x x x

Apennines forests *Selva Piana - x x x x - x -
*Piano Limina - x x x x - x -
Torricchio Reserve x x x - x x x x

Mediterranean forests *Monte Rufeno - x x x x x x -
*Ficuzza - x x x x - x -
*Colognole - x x x x - x -
Monte Rufeno Reserve x x x - x x x x

Castelporziano Estate Castelporziano forest x x - - - x x x
Lowland forests *Bosco Fontana x x x x x x x -

Bosco Fontana Reserve x x x x - x x x
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Methodology, methods and protocols in  
long term ecological research

The  value  of  consistent  methodology  is 
widely  recognized  in  long  term ecological 
research  (Beard  et  al.  1999).  The  words 
“methodology”,  “method”  and  “protocol” 
are often used as if they had the same mea-
ning, somehow as synonymous. But actually 
they are not. The meaning of the word me-
thodology  is  intended  here  as  collection, 
comparative  study and  critical  appraisal  of 
individual  methods  (Patton  2002).  In  the 
frame  of  long  term research,  methodology 
should  be  developed:  (1)  across  sites,  to 
meet  harmonization  of  monitoring  or  re-
search and shape a restructured international 
network  design;  (2)  at  single  site  level,  in 
order to set well-ground plans for new moni-
toring or research activities based on locally 
available datasets. Through this procedure, it 
would be also possible to create agreed pro-
tocols (Sykes & Lane 1996, Morecroft et al. 
2009). A protocol (Sykes & Lane 1996) has 
to  be  defined  as  a  written  method  for  the 
design and implementation of experiments; it 
is  usually a comprehensive  document,  also 
including  lists  of required  sampling  equip-
ment,  explanations  of  statistical  analysis, 
rules to avoid bias. In a protocol,  metadata 
on methods  should  also be fully registered 
and stored (Peters  2010),  with  detailed de-
scription  of  their  time  and  space  traits, 
equipment  and  suppliers,  chronology  of 
sampling, staff involved and others (Beard et 

al. 1999). Few national LTER networks cur-
rently have agreed protocols  for the imple-
mentation  of  activities  at  sites  (Sykes  & 
Lane  1996),  but  several  of them share the 
objective  of  drafting  protocols  as  common 
manuals  for  future  monitoring  or  research 
steps.

In order to start with a sound planning of 
harmonization of research and monitoring in 
LTER Italy forest  sites,  a cross analysis  of 
current  activities  with  LTER  ecological 
questions could be a first step, thus trying to 
answer  the  question:  “Can  LTER question 
«Y» be  approached  using  dataset  compo-
nents  of  «forest  site  X» (Tab.  6)?  While 
some  researchers  suggested  that  research 
questions  could  be profitably addressed  by 
most  of  the  stations  (disturbance,  primary 
production, soil chemistry, climate change), 
population  dynamics  and  land  use  change 
can be properly investigated at a scale larger 
than  plot  level.  An example of  such  ques-
tions can be provided by those sites included 
in protected areas, where ecological investi-
gations are not carried out intensively at plot 
level,  but  considering a larger spatial  scale 
and the relationship with the landscape. Ad-
ditionally, up-scaling schemes, starting from 
plot  level  intensive  surveys,  should  be de-
signed to use results at plot level to under-
stand broader-scale processes.

Conclusions 
After decades (in some cases more than a 

century) of monitoring and research on key 
environmental variables, the inclusion of se-
lected forest study sites in the LTER Italian 
Network  is  a  due  and  positive  outcome. 
Today, the main forest ecosystems are repre-
sented  in  the  national  network.  Through  a 
strong  coordination  effort,  LTER Italy  has 
achieved  awareness  at  national  level  and a 
foremost representation outside national bor-
ders, within the global and European LTER 
entities (ILTER and LTER Europe).  LTER 
Italy forest sites reflect strengths and weak-
nesses of international networks. In fact, on 
one side, there are good examples of coope-
ration in terms of the institutions involved, 
while  the  set  of  fundamental  variables  as-
sessed and the length of data series represent 
invaluable  monitoring  and  research  re-
sources.  On  the  other  side,  the  bottom-up 
process of network implementation created a 
poorly harmonized collection of sites, where 
an  overall  agreement  on  key  parameters 
seems evident, but methods are still very di-
versified  and  need  to  be  discussed  among 
experts.  This  is  necessary in  order  to  shift 
from  in-site  monitoring  to  inter-site  and 
cross-site research and evaluation on ecosys-
tem  processes.  Indeed,  the  framework  of 
LTER,  at  national  and  international  level, 
provides  now  the  ground  for  starting  this 
kind  of  discussion.  As it  is  widely recom-
mended to keep the existing set of variables 
unchanged as far as possible (to maintain the 
continuity of data series), a possible way is 
to start  an adaptive monitoring following a 
specific  research  question,  chosen  among 
those suggested within LTER and adapted to 
the  existing  dataset.  There  is  a  potential 
frame to compare and eventually adjust mea-
surements,  in  terms of  methods,  to  the re-
quest of standardization of activities across 
sites and also across different networks. This 
process of harmonization of activities could 
also facilitate soundness  of research results 
and  enhance  the  benefits  of  long  term re-
search knowledge to the general public and 
the policy. The LIFE co-financed project En-
vEurope,  “Environmental  quality  and  pres-
sure  assessment  across  Europe:  the  LTER 
Network as an integrated and shared system 
for  ecosystem  monitoring”  (2010-2013, 
http://www.enveurope.eu/) has the main ob-
jectives of investigating these opportunities, 
developing a consistent classification of sites 
and network design.
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Box 1 - Useful links.

• A long-term biodiversity, ecosystem and awareness research network. Home page. 
[online] URL: http://www.alter-net.info/

• Corpo Forestale dello Stato. Home page. 
[online] URL: http://www3.corpoforestale.it/flex/cm/pages/ServeBLOB.php/L/IT/IDPa-
gina/443

• EFOMI: Ecological valuation in alpine forest ecosystems by integrated monitoring. 
Home page. 
[online] URL: http://www.iasma.it/sperimentazione_context.jsp?
ID_LINK=2424&area=6

• Environmental quality and pressure assessment across Europe: the LTER Network as an 
integrated and shared system for ecosystem monitoring. EnvEurope LIFE co-financed 
project (2010-2013). Home page. 
[online] URL: http://www.enveurope.eu/

• ForestBIOTA - forest biodiversity test-phase assessment. A forest biodiversity monitor-
ing project developed by 10 European countries. Home page. 
[online] URL: http://www.forestbiota.org

• Further development and implementation of an EU-level forest monitoring system. A 
LIFE co-financed project. Home page. 
[online] URL: http://www.futmon.org/

• Long term ecological research Italy. Home page. 
[online] URL: http://www.lteritalia.it/

• International co-operative programme on assessment and monitoring of air pollution ef-
fects on forests - ICP forests. Home page. 
[online] URL: http://www.icp-forests.org

• European long term ecosystem research network. Home page. 
[online] URL: http://www.lter-europe.net/

• International long term ecological research network. Home page. 
[online] URL: http://www.ilternet.edu/
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