Cristiana Cocciufa

CASE STUDY FOR THE
INTEGRATION OF FAUNISTIC
DATA SERIES IN SELECTED
ITALIAN LTER FOREST SITES

Tutor: Giuseppe M. Carp:

Co-tutor: Pierfilippo Cerre

Doctoral School in Biology — Section:
Biodiversity and Ecosystem Analysis
XXIV Cycle, A.A. 2011/2012

UNIVERSITA DEGLI STUDI



==ROMA

A:TRE

UNIVERSITA DEGLI STUDI

SCUOLA DOTTORALE IN BIOLOGIA
DOTTORATO DI RICERCA IN BIODIVERSITA’
E ANALISI DEGLI ECOSISTEMI

XXIV CICLO

Case study for the integration of faunistic datéese

in selected ltalian LTER forest sites

Caso studio per l'integrazione di serie di datifigtici

in alcuni siti forestali LTER italiani

Cristiana Cocciufa

Docente guida: Prof. Giuseppe M. Carpaneto

Co-tutor: Dott. Pierfilippo Cerretti

Coordinatore: Prof. Marco Bologna



INDEX

Introduction 1-5
Article1 6-14
Article2 15-37
Article 3 38-58
Conclusions 59-60
Acknowledgements 61

References 62-74



INTRODUCTION

The Long Term Ecological Research Project was founded in 1993 in
the United States of America to integrate all site-based studies on
ecosystems already started in the early 1900s in the country (Peters 2010).
The original aims of Long Term Research were to share data, cooperate on
global projects, integrate findings at local and national level and deliver
peer-reviewed research to decision-makers and the public (Kaufmann &
Anderson 2006).

Nowadays, the International Long Term Ecological Research Network
(ILTER, http://www.ilternet.edu) includes 40 member countries in the
world and addresses research questions of global concern on complex
ecosystem processes, like pattern and frequency of disturbance, land use
change, climate change, distribution of populations, biodiversity loss
(Likens 1989, Risser 1991, Magurran 2010). The European Network (LTER
Europe, http://www.lter-europe.net/) participates to the ILTER Network
with 22 national members. The Network has several strenghts. 1) a
governance structure, coordinating all the efforts from national Networks
and sites; 2) an international membership, alowing a multidisciplinary
dialogue among scientists; 3) a wide coverage of biogeographical regions at
global level, which represents an almost unique feature among existing
research networks, 4) in-situ collection of ecological data at marine,
freshwater and terrestrial sites; 5) long term data series on physical,
chemica and biotic parameters, representing a valuable resource for
research.

Italy entered the International LTER Network in 2006 (LTER Italy,
http://www.lteritalia.it/). The Network today includes 20 sites, five of them
are in forest ecosystems, with 15 research stations. Ten of these research
stations belong to the | CP Forests Programme (http://www.icp-forests.org/),
that started in Italy in 1995 (in the framework of Regulation EC no. 1091/94
and under the UN-ECE Convention on Long Range Transboundary Air
Pollution) and is run by the National Forest Service, with the cooperation of
several research institute and University Department (CONECOFOR
Programme, Petriccione & Pompei 2002, Ferretti et al. 2006).

In each of these research stations, a permanent monitoring plot is
installed in a fenced 50 x 50 m sguare area. The Programme had originally
the main objective of monitoring the effects of air pollution on the health of
forests (Bakker et al. 1996) and has been collecting about 15 years of data




on environmental parameters at plot level. Nevertheless, some weaknesses
at LTER Italy forest sites have to be recognized: 1) a scientific focus limited
to habitat variables like climate, soils, trees, shrubs and ground vegetation;
2) monitoring on habitat factors prevailing on research and producing a
huge amount of data, but poor analysis and research outcomes; 3) rare
investigations on biodiversity and fauna, implemented in a limited time-
frame when present; 4) the small scale (plot scale) of activities at site,
accomplishing the ICP Forests protocol; 5) the lack of a complete
standardization of methods among sites belonging to different monitoring
programmes and networks: design, duration, intensity, sampling period and
even taxonomic targets often differ from one site to another, thus making
comparisons between studies very difficult (Beard et a. 1999, Parr et al.
2002, Ferretti 2010).

For these reasons, the present research project has two main general
goals:

- to propose the introduction of a new research line concerning a
selected animal group into a subset of LTER Italian forest sites;

- to set the new research line in an organized way, addressing LTER
general features and recommendations for harmonization of methods.

Structure of the research project
The research project was divided in two phases: Phase | and Phase 1.
Phase|

Phase | of the project (first year of the Ph.D. research) had the objective
of studying literature sources concerning LTER general features and state of
the art of monitoring and/or research activities on animalsin LTER Europe.

All of the 18 LTER Europe member countries in 2009 (they are today
22) were involved in the survey. The taxonomic coverage was set on
amphibians, reptiles, birds, small mammals and beetles at terrestrial sites,
because each LTER country is currently conducting monitoring or research
activities on at least one animal group among the mentioned ones.

Search for bibliographic sources was performed by Internet engines
(Google Scholar, Google UK, JStor, Scirus, Scopus, Zoological Record,
etc.) and by means of a hew questionnaire sent by email to the coordinators
of LTER Europe national networks. The questionnaire was aimed at
recording which animal groups, among the five selected taxa, are currently



under investigation at terrestrial LTER Europe sites and what kind of
methods are adopted to study these animals. Seventeen articles regarding
LTER general features were collected, from early publications showing the
basic concepts of Long Term Ecological Research (e.g. Strayer 1986,
Likens 1989, Risser 1991) to recent articles addressing more specific issues,
like methodology (Beard et a. 1999), integration of existing monitoring
networksin Europe (e.g. Parr et al. 2002, Ferretti 2010), feasible approaches
to move from long term monitoring to research (e.g. Yoccoz et a. 2001,
Legg & Nagy 2005, Lindenmayer & Likens 2009, Clutton-Brock et al.
2010, McDonad-Madden et a. 2010), and suitable research questions
(Turner et al. 2003).

Seventy-three case studies regarding the 5 target animal groups were
collected from 18 LTER Europe member countries, including both
published articles and unpublished reports.

Literature data gathered during Phase | were organized in a published
review concerning LTER basic concepts and research activities at LTER
Italy forest sites (ARTICLEI).

At the end of Phase I, saproxylic beetles were selected as target animal
group for the present project.

Saproxylic beetles

Saproxylic organisms are species depending on deadwood in one or
more stages of their life cycle or on other saproxylic organisms, like fungi
(Speight 1989, Mason et al. 2003, Alexander 2008). Most of forest dwelling
beetles are saproxylic. Several saproxylic beetles have larvae feeding on
decayed wood or dead parts of senescent trees, while adults of other species
use different food resources available in the same kind of habitat, behaving
like decomposers, fungivores, predators or inhabiting deadwood as
hibernation site.

Saproxylic beetles can depend on a particular decay level of deadwood
or on a specific part of the inhabited tree (bark, trunk, branches, holes) and
are usually ecological specialists, showing marked preferences for restricted
ranges of moisture and temperature.

As a consequence, a huge array of suitable microhabitats for saproxylic
species can be found, especially in natural and semi-natural forests. Beetle
assemblages occupy these microhabitats along successional stages, with a
species turnover in their composition depending on both season and changes



in physical-chemical characteristics of decaying substrates. These
assemblages represent relevant functional groupsin forest ecosystems.

Saproxylic beetles were selected as study group for the present project
for the following reasons:

- being linked to local microhabitat conditions, they are suitable for
small scale investigations and for habitat-dependent community studies;

- several standardized trapping techniques are available;

- numerous studies on saproxylic beetles are available in Europe:
Paillet et al. (2009) reported 17 published researches on saproxylic beetles
among species richness studies in Europe; the survey performed in the
frame of the present project collected 7 case studies on these insects at
LTER Europe terrestrial sites, representing about 10% of total records
collected;

-in Italy, in particular, a field study on saproxylic coleopterans at
selected ICP Forests plots was successfully performed in 2003-2004
(Mason et al. 2006). A research team formed by Roma Tre University,
Sapienza Rome University (Rome) and the National Center for the Study
and Conservation of Forest Biodiversity (National Forest Service, Verona)
is currently conducting ecological studies on saproxylic beetles.

Phasell

Phase |1 of the project (second and third year of the Ph.D. research) had
the aims of testing in the field saproxylic beetle sampling at plot scale and
analysing the new collected data with existing long term datasets on habitat
variables, at different LTER forest sitesin Italy.

Four different forest sites of the LTER Network, having ICP Forests
monitoring plots, were selected in Abruzzo and Lazio Regions. Selva Piana
(Collelongo, AQ), Rosello (Rosello, CH), Monte Rufeno (Acquapendente,
VT) and Monte Circeo (San Felice Circeo, LT).

At all of the considered study plots, the following research questions
were specifically addressed:

-What is the saproxylic beetle diversity at the selected forest study
plots?

-How dissimilar is beetle assemblage composition at these plots?

-What environmental factors can affect saproxylic beetle diversity and
assemblage composition at forest plot and microhabitat scale?

-Is the plot scale able to revea ecologica patterns concerning forest
dwelling beetles?



Results from field tests are presented in ARTICLE 2 submitted to the
Journal Insect Conservation and Diversity.

In the third year, a sampling test was performed in the U.S. LTER
forest site HJ Andrews Experimental Forest (Blue River, OR; Hobbie 2003,
Lugo et al. 2006) to start a scientific collaboration between Italy and USA
on the study of saproxylic beetle communities. The objectives were the
same as the Italian fieldwork, and preliminary results were submitted to the
Journal Agricultural and Forest Entomology (ARTICLE 3). In this article,
the taxonomic identification of specimen is at family level. A deeper insight
to a fine taxonomic level (genus or species level) is ongoing, in
collaboration with international experts.
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Basic concepts and research activities at
Italian forest sites of the Long Term
Ecological Research network
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Italy entered the International Long Term Ecological Research Network (ILTER)
in 2006, contributing a group of research sites in marine, freshwater and ter-
restrial ecosystems to the global network. Five forest sites are included in the
Italian Network. They are representative of the main forest ecosystems in Italy
and integrate 15 research stations managed by different institutes. Starting
from LTER rationale and basic concepts, the first part of the paper reviews the
status of LTER Italy forest sites, the strengths resulting from multidisciplinary
expertise and site management, current activities and available datasets. Long
term data series on key environmental parameters show the high scientific
value of these sites, where monitoring and/or research is still ongoing. But two
main LTER issues are currently arising in the international context: (1) overall
consistency of datasets; (2) harmonization of sampling methods. For this rea-
son, the second part of the paper investigates the suitability of Italian forest
sites to address recommended long term research topics and ecological issues
of global concern and to investigate the shift from in-site monitoring to cross-

site cooperation and inter-site research.

Keywords: Long term ecological research, Forest ecosystems, Research site,

Datasets, Methodology, Biodiversity

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

© SISEF http://www.sisef.it/iforest/

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).
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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).

Tab. 1 - ILTER member Countries (http://www.ilternet.edu/).

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-

Continent ILTER member Name of the National LTER Network
Country

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 Investigacion Ecoldgica a Largo Plazo
Costa Rica CRLTER - Costa Rica Long Term Ecological Research Network
Venezuela ECORED - Red Venezolana de Estaciones de Investigacion Ecoldgica a Largo Plazo
Brazil PELD - Pesquisas Ecoldgicas de Longa Duragao
Uruguay IELDU - Investigaciones Ecoldgicas de Larga Duracion

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
UK. 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 LWEF - 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 - Isracli 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 Hovsgol 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

iForest (2011) 4: 233-241
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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 km?
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

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-

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 European forest types EUNIS Habitat Classification
and research stations Code Forest type Code Habitat
LTER Italy site no. *Val Masino 6.3.2 Subalpine and mountainous spruce G3.1 Fir and spruce woodland
02: Forests of the ~ (Val Masino - SO) and mountainous mixed spruce-silver
Alps fir forest
*Renon 6.3.2 Subalpine and mountainous spruce G3.1 Fir and spruce woodland
(Renon - BZ) and mountainous mixed spruce-silver
fir forest
*Passo Lavaze 6.3.2 Subalpine and mountainous spruce G3.1 Fir and spruce woodland
(Daiano - TN) and mountainous mixed spruce-silver
fir forest
*Tarvisio 6.3.2 Subalpine and mountainous spruce G3.1 Fir and spruce woodland
(Tarvisio - UD) and mountainous mixed spruce-silver
fir forest
Valbona Reserve 6.3.2 Subalpine and mountainous spruce G3.1 Fir and spruce woodland
(Predazzo - TN) and mountainous mixed spruce-silver
fir forest
LTER Italy site no. *Selva Piana 6.7.3 Apennine - Corsican mountainous G1.68 Beech woodland
03: Apennines (Collelongo - AQ) beech forest
forests Southern Italian Beech forest
*Piano Limina 6.7.3 Apennine - Corsican mountainous G1.68 Beech woodland
(Giffone - RC) beech forest
Southern Italian Beech forest
Torricchio Reserve 6.7.3 Apennine - Corsican mountainous G1.6 Beech woodland,
(Macerata) 6.8.8 Dbeech forest, Other thermophilous G1.7 Thermophilous deciduous forest
deciduous forests
LTER Italy site no. *Monte Rufeno 6.8.2 Turkey oak, Hungarian oak and G1.7 Thermophilous deciduous forest
04: Mediterranean  (Acquapendente - VT) Sessile oak forest
forests *Ficuzza 6.8.2 Turkey oak, Hungarian oak and G1.7 Thermophilous deciduous forest
(Godrano - PA) Sessile oak forest
*Colognole 6.9.1 Mediterranean evergreen oak forest G2.1 Mediterranean evergreen oak wood-
(Livorno) land
Monte Rufeno Reserve ~ 6.8.2 Turkey oak, Hungarian oak and G1.7 Thermophilous deciduous forest
(Acquapendente - VT) Sessile oak forest
LTER Italy site no. Castelporziano forest 6.8.2 Turkey oak, Hungarian oak and G1.7 Thermophilous deciduous forest,
18: Castelporziano (Roma) 6.9.1 Sessile oak forest Mediterranean G2.1 Mediterranean evergreen forest, Low-
Estate 6.10.1 evergreen oak forest, Thermophilous G3.7 land mediterranean pine woodland
pine forest
LTER Italy site no. *Bosco Fontana 6.5.1 Peduncolate oak - hornbeam forest G1.A Meso- and eutrophic oak, hornbeam,
05: Lowland forests (Mantova) ash, sycamore, lime, elm and related
woodland
Bosco Fontana Reserve  6.5.1 Peduncolate oak - hornbeam forest G1.A Meso- and eutrophic oak, hornbeam,

(Mantova)

ash, sycamore, lime, elm and related
woodland

© SISEF http://www.sisef.it/iforest/
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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.

Sites

LTER Italy forest sites

Climate
Soil
Ozone
Atmospheric
deposition
Ground
vegetation
Tree
growth
Stand
structure

condition

Deadwood
Leaves

chemistry
Crown

phenology
Remote
sensing
Fauna

*Val Masino
*Renon

*Passo Lavaze
*Tarvisio
Valbona Reserve

Forests of the Alps

X X X X
X X X X

X X

*Selva Piana @
*Piano Limina
Torricchio Reserve

Apennines forests

X X|X X X X X
X XX X X X X

X X

*Monte Rufeno
*Ficuzza

*Colognole

Monte Rufeno Reserve

Mediterranean forests

X X X|[X X X[
X X X|[X X X|[1

X X X |1
X

X X X |1
'

X
X X X X|X X XX X X X X

Castelporziano Estate Castelporziano forest

*Bosco Fontana
Bosco Fontana Reserve

Lowland forests

@®| X[ X X X X|X X X|X X X X X

<>
X X[X|X X X X[|X X X|X X X X X
X X[X|X X X X[X X X|X X X X X

X | X|X X XX X X|X X X X X

X X|X[X X X X|X X X|X X X X X

X X | X |1
X X[ X |1
'
X X[ X|X 1

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
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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
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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
Lavaze, 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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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
SClIp (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-
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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 sit:
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Mammals
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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
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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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ables of the CONECOFOR programme, eco-
system water and CO, 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 Carboltaly), 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.

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 Lavaze 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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Box 1 - Useful links.
[online] URL: http://www.alter-net.info/
» Corpo Forestale dello Stato. Home page.
gina/443
Home page.
ID_LINK=2424&area=6
project (2010-2013). Home page.
[online] URL: http://www.enveurope.eu/
[online] URL: http://www.forestbiota.org

LIFE co-financed project. Home page.
[online] URL: http://www.futmon.org/

[online] URL: http://www.lteritalia.it/

fects on forests - ICP forests. Home page.
[online] URL: http://www.icp-forests.org

[online] URL: http://www.lter-europe.net/

[online] URL: http://www.ilternet.edu/

+ A long-term biodiversity, ecosystem and awareness research network. Home page.

[online] URL: http://www3.corpoforestale.it/flex/cm/pages/ServeBLOB.php/L/IT/IDPa-

» EFOMI: Ecological valuation in alpine forest ecosystems by integrated monitoring.
[online] URL: http://www.iasma.it/sperimentazione context.jsp?

» Environmental quality and pressure assessment across Europe: the LTER Network as an
integrated and shared system for ecosystem monitoring. EnvEurope LIFE co-financed

* ForestBIOTA - forest biodiversity test-phase assessment. A forest biodiversity monitor-

ing project developed by 10 European countries. Home page.

* Further development and implementation of an EU-level forest monitoring system. A

* Long term ecological research Italy. Home page.

* International co-operative programme on assessment and monitoring of air pollution ef-

» European long term ecosystem research network. Home page.

* International long term ecological research network. Home page.

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
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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

239

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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Abstract

1. Diversity and composition of beetle assemblagere studied at four
different forest monitoring plots (Selva Piana, 8lms Monte Rufeno and
Monte Circeo) in central Italy, with flight interpgon traps and
emergence traps.

2. Considering the whole dataset, alpha-diversitglues resulted
particularly high at all of the four forest siteshile measured species
richness, accumulation curves and species richestisators agreed in
attributing a higher species density at RoselloM8nte Rufeno showed
the highest abundance.

Monte Rufeno and Monte Circeo showed higher numbérsaproxylic
species compared to the overall dataset at Rosello.

4. The variables that had the strongest correlatioith the assemblage
composition were plot-scale variables (slope, stag®, amount of
deadwood). The only trap-scale variable that showpdas related to
assemblage composition was decay-class.

Results were discussed considering the availabiiihd quality of
deadwood on the forest floor and the different $otructure at the four
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study sites. The research showed that even at smallvery small scale,
traits of beetle assemblages can be revealed.

Key words: biodiversity, Coleoptera, deadwood, ICP Forelsisg term
ecological research

Introduction

Saproxylic organisms depend, at some stage of tHeircycle,
upon deadwood of senescent trees or fallen timber,upon other
saproxylics (Speight 1989, Masa al. 2003). Several authors have
further analyzed the microhabitat requirements &wetling ecology of
saproxylic beetles (Bouget al. 2005, Alexander 2008). The relevance of
deadwood as substrate for several organisms has lbeen widely
recognized during the last decades (Speight 19880kt al. 2003, Jabin
et al. 2004, Castagnerét al. 2010), but consequences of modern
exploitation of forests have indeed given rise tmréasing concern
regarding current availability of suitable envirommtal conditions for
several animal groups and among them for saprokgatles (Simil&t al.
2003, Alinviet al 2007, Hjaltéret al. 2007). In northern boreal countries,
modern intensive forest management, including stutation periods and
clear-cutting, have created monospecific, even-agjedds (Johanssat
al. 2007, Gibbet al. 2006), consequently reducing the availability of
deadwood for saproxylic organisms. In central aodttsern Europe,
exploitation of forests has followed different bistal events. In the
Mediterranean basin, woods have been overexploitgdman since
prehistoric ages (Castagneet al. 2010) and through Roman and
Byzantine times, resulting in degraded forms of @lands and
widespread regions cleared of mature woody vegetd€appelli 2000).

Disturbances such as grazing, fire management gnduéural
techniques have influenced the external shape ampe tof these
woodlands, though the abandonment of grazing duttieg2@ century
(Franc & Gotmark 2008) and the interruption of intize clear cutting in
the late 1970s produced a new propagation of ti2esteasing interest in
harvesting woody debris for energy production haadl to the
accumulation of small diameter deadwood materialgh® forest floor,
which may be relevant for the conservation of sagio beetles (Jonsell
& Hansson2007, Jonsell 2008), even at the very small scélsirgle
deadwood pieces (Johanssral. 2007, Jonsell & Hanssd007, Sirami
et al. 2008). Several studies from northern Europe (@ikletnal. 1996,
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Grove 2002, Gibbet al. 2006, Alinvi et al. 2007, Francet al. 2007,
Johanssoret al. 2007) have recently investigated the topic ofraxté&ons
between forest structure, stand age, availability quality of deadwood
and diversity of forest dwelling and saproxylic tee at different scales.
On the other hand, studies in central and soutkemope are relatively
few (Kappes & Topp 2004, Sirardi al. 2008, Busest al. 2010, Brinet al.
2011, Bougetet al. 2011, Lassaucet al. 2011, Russat al. 2011) and
factors and scales affecting saproxylic beetle canities need further
investigations, considering the different expladat forests have been
experiencing for decades in these areas.

In this paper, we studied saproxylic beetle assagdd inside
selected forests having permanent monitoring piotialy. These sites
were selected because they have been fenced an@dnaged for
monitoring purpose since 1995, so the forest stracshows a condition
of ongoing ageing as a result of the interruptidrharvesting practices
typical of central Europe forestry; in addition itheenvironmental
parameters have been recorded for several yeaesaifh of this paper
was to investigate saproxylic beetle assemblagesmall to very small
scale and assess if the plot scale is able to Ireeedogical patterns. The
following questions were specifically addressed:

1- what is the beetle diversity at the four consdestudy plots? How
dissimilar is beetle community composition at thpkxts?

2- what environmental factors can affect saproxpetle diversity and
community composition at plot and at microhabitsingle deadwood
piece) scale?

Materialsand M ethods
Sudy areas

We studied four different forest ecosystems in @ritaly, three
on the Apennines Range of Abruzzo and Lazio Regantsone near the
Mediterranean Coast in Lazio Region.
Selva Piana (Collelongo-L’Aquila, 41°50'58.30"N,3135'21.8"E) is a
beech Fagus sylvatica L.) high stand (EUNIS code G1.68), about 125
years old, located at 1550 m asl. Rosello (Rogehti, 41°53'1.96"N,
14°21'11.48"E) is a high stand (about 95 years) citlated at 960 m asl,
including Carpinus betulus L., Acer campestre L., Tilia platyphyllos Scop.
with a significant presence ébies alba Mill (EUNIS code G1.A). Monte
Rufeno (Acquapendente-Viterbo, 42°49'25.07"N, 14'®21"E), 690 m
asl, is a thermophilous deciduous forest (EUNISec@&l.7), which has
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been cut intensively until as recently as 1970 iamibw unmanaged. The
dominant tree species @uercus cerris L. Monte Circeo - Peretto (San
Felice Circeo-Latinag1°14'9.10”N, 13°4’47.95"E) is a Mediterranean
evergreen oak woodland witQuercus ilex L., Quercus suber L. and
Arbutus unedo L. (EUNIS code G2.1), located at 190 m asl onrthethern
slope of a promontory looking over the central Figmmian Sea. It is a
coppice wood subject to cut and grazing until 1386n left unmanaged.
Sampling of beetles was performed inside ICP Fsrasbnitoring plots
(Ferrettiet al. 2006), one plot at each study arBach ICP Forests plot is
a fenced square 50 x 50 m area, selected as ssegpaéve study site
within an homogeneous type of ecosystem. Monte iRuénd Selva Piana
are included in the lItalian Long Term EcologicalsBarch Network
(Cocciufaet al. 2011).

Sampling design

Two types of traps for insects were used: windoterteption
traps and emergence traps (WT and ET respectivethis paper). WT
were made following Masoet al. 2006. WT are suitable to sample flying
forest beetles, which are intercepted by the hapganels (Jkland 1996,
Ranius & Jansson 2002, Masetnal. 2006). ET were made according to
Alinvi et al. 2007. The size of the fabric cloth was 50 x 70; ¢he
collector bottle was located beneath the trap, rkarground. Boring
insects emerging from deadwood are not able topestram the closed
envelope and fall into the collector bottle, attealc by daylight (Owen
1989, Owen 1992, Fkland 1996, Wikatsal. 2005). In both types of
traps, collector bottles were filled with 70% etbkrOne WT was located
in the middle of each study plot, hanging fromeetbranch, 1.50 m above
ground. At each study plot, nine random points weteacted by means
of Excel (as random coordinates inside the 50 xvbflot). Deadwood
pieces for emergence trapping were detected ircalar area with a 10 m
radius, centered at each random point. The critadapted to select
deadwood were the following: 1) only logs were taketo consideration
(no stumps or snags); 2) deadwood pieces of thes se® species and
decay stage in each trap; 3) logs with diameteO>rh were primarily
selected (one log per trap); 4) where logs > 10n&re not available, logs
with smaller diameters were also accepted, bugastlthree branches were
included in the trap. Because suitable deadwoodepiavere not always
present at random points, number of emergence tiaped at each study
plot (6 emergence traps at Selva Piana, 8 at Roastl Monte Rufeno, 5
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at Monte Circeo). Locations of traps were georefeed. Traps were set in
the field in spring and summer 2010, from early Matil the end of
August. Sampling was performed every fifteen days.

Environmental variables

Environmental variables at plot scale and at sinmép scale
recorded for the present study are listed in Apperd (Tab. A.1).
Percentage of canopy closure was measured by Idittures of the
canopy taken from the ground above each ET and/zsdhlby means of
ImageJ Software (two pictures for each trap, orth@beginning and one
at the end of the field campaign). Basal areaeddraround the trap was
calculated from circumferences of three trees sitpthie trap. Volume of
deadwgzod inside emergence traps was calculateldebiaber formula (V
=n/4d*l).

Satigtical analysis

Diversity of beetle assemblages was investigated Afgha-
diversity indices (Shannon-Wiener, Simpson and Bess) and
rarefaction curves. Alpha-diversity indices wergoaieasured for the tree
community at each study plot. Diversity indices evaralculated with
PAST (Hammeret al. 2001). Sample-based rarefaction curves (Map’s
were calculated with the software EstimateS (ver§i@.0, Colwell 2006)
and displayed using Excel. To estimate the totatigs number at each
plot, estimators of total species richness basedlitfarent algorithms
(Chao2, first and second order Jackknife and Baagstwere calculated
with PAST. Spearman’s rank correlation coefficievds used to detect
relationships between indices measured for beasterblages and tree
communities at each study plot. Multivariate disknties of beetle
assemblages were calculated by the Bray-Curtis xIndBecause we
assumed there were differences in trapping eff@enof WTs and ETs
and there were more ETs than WTs, we used presdisaice data to
examine the beetle species dissimilarities in ther fplots and in the
different trap-types within these plots. Keeping Hata separate, non-
metric multidimensional scaling (NMDS) ordinatiotitiviog(x+1) species
abundance data and Bray-Curtis dissimilarity wasdu® illustrate the
dissimilarities of beetle assemblages in traps plots and to look for
correlations between beetle assemblage compositionETs and
environmental variables. NMDS was chosen for ttdination because it
is one of the best methods for exploring biologidata that rarely meet
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assumptions required for many other types of otiina (McCune &
Grace 2002). The ordination and Bray-Curtis indetcaations were
performed in PC-ORD (version 5.19, McCune & Meff@@D6).

Results

We collected a total of 1372 individuals, belongtngl33 species
of 36 families (Appendix A, Tab. A.2). The highesumbers at all
taxonomic levels (families, genera and speciesewampled at Rosello,
the only site where ET were able to catch more ispeend individuals
than WT (Fig. 1). Monte Rufeno showed the highetdltabundance (405
individuals). Alpha diversity indices of tree comnities at the four study
areas revealed remarkable differences among piefiecting the actual
difference in tree species composition and aburetaSelva Piana and
Monte Rufeno scored a Simpson and Shannon Index ém®, with only
one tree species present at each site, beech akdyTaak, respectively;
Monte Circeo had a Simpson Index = 0.69 and a Siatmex = 1.35,
while Rosello had higher values (Simpson Index#ZQShannon Index =
1.74). Surprisingly, values of the same metrics lfeetle assemblages
were all particularly high: Simpson Index = 0.8ha8non Index = 2.7 at
Selva Piana; Simpson Index = 0.87, Shannon Index9% at Rosello;
Simpson Index = 0.86, Shannon Index = 2.85 at Mé&atkeno; Simpson
Index = 0.84, Shannon Index = 2.47 at Monte Circkeasures of
evenness of beetle assemblages were similar atiRasel Monte Circeo
(Evenness Index = 0.28), but differed between Séliana (Evenness
Index = 0.43) and Monte Rufeno (Evenness Index34)0.No significant
correlation was detected between indices measwedrdée layers and
beetle assemblages at each study plot (Selva Rjana0.86, n = 2, P =
0.66; Rosellog= 1, n =2, P = 0.33; Monte Rufenpr-0.5,n=2, P =1;
Monte Circeo ¢ = 1, n=2, P = 0.33). The number of beetle species
collected at each plot varied as follows: 34 speatSelva Piana, 64 at
Rosello, 50 at Monte Rufeno and 41 at Monte Circ@oserved sample-
based rarefaction curves showed a positive slopieeatnaximum number
of samples (Fig. 2). Selva Piana, Monte Rufeno Modte Circeo curves
exhibited similar trends, with the inception of asymptotic progress with
greater sampling effort, while the curve for Rosetbnfirmed a higher
species density, growing up steeply. Outputs ofigserichness estimators
for all of the four sites differed on the basiglué algorithm used, but they
all listed a similar site ranking, with the highegiecies richness at Rosello
and lowest at Monte Circeo, also confirming thendi® shown by
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rarefaction curves. The range of the estimators wide: Bootstrap
returned the smallest values, close to the actuahbers of species
detected by sampling but, looking at the trendsraEfaction curves,
second order Jackknife seemed to suggest the noosgct number of
beetle species present, also showing a clear pedle vat Rosello.
Considering Bootstrap and second order Jackkrife,following results
may be suggested: between 44 and 77 beetle spe@edva Piana, 80 and
135 at Rosello, 61 and 100 at Monte Rufeno, 518hdt Monte Circeo.
Considering all types of captures to study beetkemblage composition
at the four study plots, a very high degree of ididarity was found
(Tab.1). 90 species (67.7% of the species foundllirplots combined)
were found in only one plot, while only three smscDiplocoelus fagi,
Litargus connexus and Xyleborus dispar), representing 2.3% of the
species, were collected at all of the four plots.

Among the seven species shared by three plotsseespbelong to
the family Latridiidae Dienerella vincenti, Enicmus brevicornis, Enicmus
rugosus, Cartodere (Aridius) nodifer).

Comparing window and emergence traps capturesméach plot, marked
trap-type dissimilarities were also found, partly at Rosello (Bray-
Curtis Index = 0.80), where only 7 out of 64 spedi10.9%) were sampled
in both trap types. A lower degree of trap-typesiislarity was exhibited at
Monte Circeo, where Bray-Curtis Index was 0.57.uftHer analysis was
performed considering only the specimens captuseB s, assuming that
they represent the subset of data including thédrigroportion of true
saproxylic species (eusaproxylic beetles). A 3-disignal NMDS solution
was recommended using the medium auto-pilot settif®RC-ORD (version
5.19, McCune & Mefford 2006); the final stress wias2 with about equal
amounts of variation explained by each of the 34k& axis 1 = 0.27, axis
2 =0.23, axis 3 = 0.27). Axis 1 was primarily adjent of traps from those
that had high abundances of the scoly¥ggborus dispar, and none of the
mycetophagidl.itargus connexus, to traps that had sonte connexus and
no X. dispar. Axis 2 primarily represented a gradient of trdymm those
with some of the latridiidDienerella clathrata, and none of the scraptiid,
Anaspis lurida, to traps with high abundances Af lurida and noD.
clathrata. Like Axis 1, Axis 3 distinguished sites with higibundances of
X. dispar from those without this species, but Axis 3 didt meahibit a
gradient related td.. connexus. The NMDS ordination plot showing the
first 2 axes revealed that the ETs from each mloh&d a cluster, indicating
greater similarity of assemblages within plots tle@mong them (Fig. 3). A
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similar pattern was seen when axes 1 and 3 wettegdl(not shown). From
the same data subset, we looked at correlationseket the assemblage
composition (as shown in the ordination) and emrnental variables.
Relationships were evaluated for plot scale vaesblelevation, slope,
average precipitation, average temperature, stgedmsal area, amount of
deadwood) and trap scale variables (decay-classedwolume, average
canopy closure, and basal area near the trap).vahables that had the
strongest correlations with the assemblage coniposivere plot-scale
variables. The only trap-scale variable that showgd as related to
assemblage composition was decay-class, which gept® a relevant
explanatory variable for saproxylic species (Fi}. Bhe majority of the
environmental variables were related to the assagebfjradient along Axis
1, but slope was related to the assemblage gradiemyg axis 2; the
assemblage gradient along Axis 3 had no stronglations (r_>0.6) with
environmental variables.
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Tablel

Bray-Curtis dissimilarity of plots based on pressabsence of 133
detected species by all types of traps.

AB1 0 0.673% 0.800% 0.8667
AB2 0.6733 1] 06842 0.8286
LZ1 (L8093 0.6842 O 0.64584
172 (L8667 (L8286 0.64584 0
1.5 1 plot
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NMDS ordination, showing the distribution of ET eswlages at the four
study plots, with respect to environmental variable
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Discussion

Despite the small size of the surveyed area, thegshle was able
to reveal differences among the four study sitesieigence trapping
allowed specificity of captures from a known suétdr qualifying
investigations on habitat and microhabitat speoéegiirements. Number
of species and abundance were higher in WT comparéd samples in
three out of four plots. Considering all plots, ea@/T collected an
average of 22 species and 200 individuals durirey wole sampling
period, while each ET in the same period trappedvasage of 3 species
and 20 individuals. There may be physical and ejcld reasons for this
outcome. The interception surface of WT is capalbleollecting insects
flying from all directions within a huge three-dingonal space inside the
forest plot, compared to trapping sources of ETo&b3000 cr
deadwood per trap as average in the frame of thesept study).
Considering that the diversity of beetle assemidagas not correlated to
the diversity of tree communities, it may be sugggshat the diversity of
beetles is affected by forest structure rather thgn richness and
abundance in the tree community. We can hypothébatethe abundance
of flying insects, and thus captures by WT, mayHigher where the
available flying space between the forest floor ahé canopies is
particularly vacuous, being occupied only by trems, like in even-aged
stands. If this hypothesis is correct, it may agplain why Rosello was
the only site characterized by a lower efficienéy\T compared to ET:
the vertical structure at this site is a complese¢hdimensional mosaic
with a continuous ground vegetation and shrubs remes and old and
younger trees and snags among spots of naturateegjeon. At the same
time, a complex forest structure is likely to ceeatifferent available
microhabitat conditions for forest dwelling insedtsat may account for a
higher species richness. Actually, among severaistostructure diversity
indices (Neumann & Starlinger 2001, Corastal. 2005), Rosello scored
high values regarding vertical evenness (Verticarihiess Index = 85.72)
and horizontal dimensional structure (DBH Variati@oefficient = 0.73)
(Bertini & Pichi 2007). Several other metrics highted the Rosello study
area. Considering all trap captures together, t®stdncerning species
richness all agree in assigning a higher numbespafties at Rosello,
followed by Monte Rufeno. Estimations of total nuembof species
returned similar ranges for Rosello and Monte Raofehoth clearly
differing from the other two study areas, which\shd lower values of
species richness. Nevertheless, the very steepmadation curve for
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Rosello (Fig. 3) demonstrated that a longer andeniotense sampling
would be needed at this plot to reach the targeictfal species richness.
This evidence may be due to the difficulty of samglwithin a more
complex environment, including several differentcrohabitats and
potential niches. The investigation of beetle comityucomposition at the
four study plots revealed a significantly low sgscoverlap and thus high
dissimilarity among areas (Fig. 3).

The few species shared by all plots show a widegigghic
distribution and were very abundant. Two of thewe lunder bark or on
deadwood fungi, whil&Xyleborus dispar is a saproxylophagous species. A
wider array of functions and feeding ecology tr&igsn be recognized in
species assemblages that exhibited a preferenceléated plots. This
specificity becomes clearer when considering ordprexylic species.
Among them,Latridius consimilis and Trypodendrom domesticum were
collected only at Selva Piana; four species welg sampled at Rosello
(Obrium brunneum, Pediacus dermestoides, Ampedus pomorum, Slvanus
bidentatus); eleven species were found only at Monte Rufesmopong
them Ampedus quercicola, Xylotrechus arvicola, Leptura aurulenta,
Rhaphitropis oxyacanthae; nine saproxylics species were found
exclusively at Monte Circeo, among them rare sitogie like Agrilus
convexicollis mancinii and Nematodes filum, the latter recorded in central
Italy for the first time. The evaluation of spexidiversity at sites and
dissimilarities among sites thus suggested thatfahe forest plots host
four different highly diverse beetle faunas. Thigedsified pattern was
confirmed by the subgroup of true saproxylic spgcieven though,
unexpectedly, Monte Rufeno and Monte Circeo (iroedoorder), showed
a higher number of saproxylic species comparecéowhole dataset at
Rosello. This reversal may be explained by the arhofideadwood, one
of the environmental variables that showed stromgetation with beetle
assemblages at plot scale. In fact, accordingdentsstudies (Travagliret
al. 2006, Bertiniet al. 2010), the amount of deadwood on the ground is
actually greater at Monte Rufeno (6.6%tm) and at Monte Circeo (6.53
m?/ha) than at Rosello (2.66%ha). Quality of deadwood is also different:
early decaying wood still retaining bark is frequah Monte Rufeno and
Monte Circeo, while late decaying wood was foundRaftsello. These
qualitative differences also account for the ddfar saproxylic fauna,
being exclusive species at Monte Rufeno and MonieeG mainly
connected to early wood decay stages. (Scolytidae, Cerambycidae),
while saproxylic species specialized on later stagef wood
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decomposition were present at Roseba.(Cucujidae, Silvanidae). The
assessment of dissimilarities of captures withmtpfurther showed how
the two types of traps were suitable to collectedént beetle samples and
thus how it was relevant to use both to catch cemphtary aspects of
biodiversity. Even within each plot ET set, it mbg difficult to define
two identical traps, because they were set randowithout choosing the
appropriate substrate and uncontrolled microhabigiables may affect
trap efficiency €.g. sun-exposure, soil moisture, interaction with othe
micro- and macro fauna individuals like ants, stweetc). Species
exclusive of single ET were also detected: all specimens dflematodes
filum were collected in ET4 at Monte Circeo, setAsbutus unedo dead
branches.

Saproxylic beetles are subject to a growing inteagskey species
in forests detritus-based food chain, involved ioil sfertility and
productivity (Jabinet al. 2004), decomposition, nutrient cycling (Dollin
2008) and carbon storage functions (Castagati 2010).

Particularly, in the present paper, we investiga@oroxylic beetle
assemblages within forest ecosystems that wereesulo heavy
exploitation practices, recently interrupted, tgiof central and southern
Europe woodlands and are now growing unmanaged rundéural
conditions. We have shown that the ecology of ®agic beetles is
visible at these plot scale sites, despite theiraigfocus on vegetation
monitoring. Further studies are recommended, barddcreased number
of spatial and temporal replicates within similadahomogeneous forest
environments.
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Appendix A

TableA.1

Environmental variables* for the investigation oérielations between
beetle assemblages and habitat and micro-habaaacteristics.

PLOT SCALE TRAPSCALE

Variable Unit Explanation TVariable Unit Explanation
Elevation masl Elevation of the plot Species - Tree species
Exposure NES.W Main exposure of the plot Type - Type of deadwood (log or branch}
Slope ) Inclination of the plot Decay class Cllﬂ:j Decay stage of deadwood
Precipitation nnyyear Mean daily precipitation Volume m? Volume enclosed in Et
Temperature °C year Mean daily temperature Ants 10 Pregence/absence of ants inside the Et
Stand age vears Age of the stand Canopy closure | %o %o of sky coverad by canopies above Et
Basal area i Stand basal area in the plot Sun exposure 10 [Exposure of Et during at least one sampling
itﬂells:x m? Tncrzment :O‘t’(:iajl’g basal atea Basal area m? Basal area around each Et (three trees)
Deadwood m?'ha Amount of deadwoodin the plot

*Variables at plot scale were recorded in the fraah€EONECOFOR
Programme of National Forest Service and delivdrgdEnrico Pompei
(National Forest Service) and by Gianfranco FabGiada Bertini (CRA -
Centre for Silviculture), Luca Salvati, Tiziano §o(CRA-Research Centre
for the Study of Relationship between Plant and)SGiuseppe Scarascia
Mugnozza, Giorgio Matteucci (CNR-Institute of Ageswironmental and
Forest Biology), Franco Mason, Emma Minari (Natioentre for the
Study and Conservation of Forest Biodiversity) frahe ICP Forests
database.
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TableA.2

List of beetle families and species collected bterception traps and
. SBlaaa (AB1), Rosello

emergence
(AB2),
LZ2).

Family

traps at Italian ICP Forests plots
Monte Rufeno (LZ1),

Species

Monte

No. of individuals

Anthribidae

Choragus shepparai (Kirby, 1819)

2

Bhaphilregic oxyacanthae (C Brisoul, 1863}

[ehly Lk ]

2

Biphyllidae

Diploceelis jngi(Guerin-Meneville, 1844)

wn
]

~4

o

Buprestidae

Agriius convezicellis mancinii \Qhenberser, 1927}

Carabidae

Calathus montivag s Dejean, 1851}

Cerambycidae

Arfiepalus syriccus [Reiter, 2895)

Callimusabdeminolis (O ivier, 1795}

feptura auridlente (Fan-icius, 792}

Mesosanebulosa (Felricius, 1781)

Nathreius brevigennis [Mulsant, 1839)

Qbriurn beunneum Fabrciug, 17923

Prionus ceriodivs (Linnacus, 1759)

(=] Ea) Fal Pl Bl ol L) Rl Ll BRI el fou)

S Ll o RS LGy R R ) NN N

Preuaosphegesthes cinerea (Castolnau & Gory, 1856)

=

o

Xylotrecnus arvicola (O ivier, 1708

Cetoniidae

Cetonia aqurata [Linnacus, 17€1)

Ciidae

Cia (Qrthoc’s) ppgmaeus (Marsbam, 1802}

[aedl TEC FEEN PN U iy FENY U DEFS Y FOV) FNV) (S STTR O [N

'

Cis quadeidentulus Merris, 2011}

i sp.

Lnnearthron palmiflohse, 19464G)

Cryptophagidae

Cryplophagus eylindrellus (Johnson, 20074

Cryptophagus dentatus (Herbst, 17330

[l =2 (=1 g=RE=T f=) =) L]

[sRE=T I E=R =N hadl Rl Pl Pl T Pl = TRl P Eal [l ko) Rl PO VY [}
[y Rty Ny R NINANEY R NN LS N E=0 ISR Lol LS Ry RVl QN gabl § ool

o]l |o|lolo]|w

[l N el N Y]

Cryptophagus puncligennis (C. Brisoul de Barneville,
L&63)

<

[
(=]
(=]

[

Cryptophagus reflesus (Rey, 13890

Cryplophagus scanicus (Linnacus, 1758}

Cucujidae

Pediacus dermestaices (Fabricius, 1792)

Curculionidae

Acalles camels Fabricius, 17920

(=) f=] [l o]

Acallesfemur cisalpmus 1Sbuben, 002)

o Qb)) by ROy L]

[
o

Acallocraies minutesovormosus (Re che, 1869)

Aparopion cheveolelilJacquelir duva, 1858)

Brachysomus hirtis (Boheman, 1844)

Lekinodera aspromaeniensis SUanen, 2008)

FLekinodera hypoerita (Boherian 1837)

Gosterocercus depressivostsis (Fabr cius, 1792

Mecinus pescuorurn (Gyllenhal, 1813}

Oretestesfagi(Linracus, L1758)

Do |olo|2 |0 |2

Orehestespiiosus (Tabr ¢iug, 1781)
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trefestesauercus [Linnseus, L7548,
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Otyorhyrnchus duinernsis [Germar, 182£)
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TableA.2
(continued)

Otiorhynchus psevdoligneoides (Meg1ano, 1996)

Phyilobiusargentaius (Linnacus, 1758)

Piyllobius etruscus (Destrochers, 1873)

Pryllebiuscnlongus (Linnacus, 1758)

ra

Pryilobiusromanas (Taust, 1890)

Polydrusus corvinus (Linnacus, 1758)

Polsdrusus elegantulus (Behaman, Z840)

Polsrusus frater Rottenbera, 1871)

Dasyceridae

Deasyeervssofeatos Brananiarl, 18C0)

wa o oo fua |-

Drilidae

Deitirs flaveseens (O vier, 1790)

Dryophthoridae

Dryophthorus corticalis (Peycull. 1752)

tlateridae

Adgrictesinfuscatus (Deshbrochers des Loges, L8/

Ampeaus pormorom (lerast, 1784)

b

Ampeaus quercicola (Baysson, 1887)

Athous (Hoeplathous) subfuscus (O.F, Muller, 17640

Athouss. sir. Limenifformis [Candéee, 1865)

Athouss. sir, Vittatss [Gmelin, 1700}

Dalopiusmarginatus (Linnacus, 1758

Harminivs spiniger Candéce, 2860}

Nethodes porvalus Panzer, 1799)

Geotrupidae

Anoplolrupes stercorosus [Seriba, 1791

Laemaphlagidae

Cryalonestesduplicatas (Waltl, 1839)

Cryplonestes ferruginens Stephens, 1831)

Laemoohlccus nigricohis (Luces, 184S)

Fiacenotus testaceus (Fabnicius, 1/8 /)

[ PN 9 BN - B V) V3 E R FAVR E3VE P

Languridae

Cryplophilus intzger (Heer, 1841}

Latridiidae

Cartedece (Aridius) noaifer (\Wostwoad, 1839)

Corticaring simvilate (Gyllenhal, 2827)

CortinicGra gibbosa [Herbst, 1793)

Dienereliaclathrata (Mannerheim, 1844}

Dicnereliavincenti (Jehnson, 2007}

Lnicmusatriceps (Hansen, 19€2)
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Eniemusrugosus (Herbst, 17932)

—
ro

Foiemistesiacens (Stephens, 18300

Loicmusvincenti Johnson, 2007}

Lalsrdiusconsimils (Mannerieim, 1844)

Latridius minutus (Linnacus, L767)

(S0 RIS PV EV)

Melandryidae

Abdera biflexuosa (Curtis, LE23)
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TableA.2

(continued)
Piloiotryavaudoveri(Mulsant, Z855) 9] 9] 8 1 9
Serropalpus barbotus (Schaller, 1783 9] 11 | 0 g 11
Me lasidae Fiplls sirnonce [Olexa, 197C) o] 9 a 1 10
Nematodes ifum (Fabric us, 18C1) o] o] q |27 | 27
Mycetophagidae |Litargus cennexus (Ceoffoy! 2 14 |239) 11 | 166
Mycclophagus atomarius |F 2 g a a 2
Mycelophagus guadnpustulalus (Linnacus, 1762} 1 o] g g o
Typhaeastercorea (Linnacus, 1758) o] o] a Ll L
Nitidulidae Louraeafuscicollis (Steshens, 1835) ) ) a 2 2
Fouraeagultoto (0 vier, 1811} ly] 1 4] 4] ;
Cpuraea marsevli(Reittes, 1762) o] 1 0]l0 .
Louraea ocularss [Fairmaire, 18£9) o] o] 0 16| 16
Fpuraeasilacea(Herbsl, 1784) 18 5] 8] a 18
Couraequniccicr (Clivier, 1790) 9] 1 g g o
Ornosita discoiaeq (Fabtiricius, 1775) o] 1 a a "
Omalisidae Ormalisus sgr. 1 1 g g 2
Platypodidae |Pialyouscylindrus (Takicius, 1792) o) o) o] 1 .
Ptiliidac AcroirichisintormedioGillre ster, 1845 g 1 a a "
Pleryx sulucals (eor, LE3B) o] 1 g g o
Piilicluer: fuscum (Erichsan, 1815} 1 o] a a "
Piiliclumr schwarz (Erichson, 1845) 4 o] a a 4
Piinella aplera (Gaerin-Meneville, 1839) ) ) 1 5 a
Piinella denticallis (Fairmaire, 1858) 8] a 12| 0 12
Ptinidae Plinus corsicus (Kiesewelter, 1877) o] 2 110 3
Punusuchenun (Warsham, 1802) [} [} 8] 2 2
Piinus sexpunctotus (Panzer, 1739) 5] 5] 1 1 2
Rhizophagidae |Monctomalongicollis (Gyl ehal, 1827 o] o] a 1 -
Riizophogus fznestralis (Linnacus, 1758) 1 12 | 0 o] 13
Rnicophagus paralfelocollis (Gyl eahal, L827) o) 1 o] o] .
Salpingidae  |lissodemadenticolle (Gyllenhall, 2813} g 1 a 4 5
Salpingus planirasisis (Fabeicius, 1737} g 44 |11 | O 63
Salpingus ruficollis 1Linnacus, 1761) 1 o] a a "
Vincezellus viridipenris (Panzer, 1794) o] 1 a a "
Scaphidiidae  |Scapnidium quad-imacaaiom (Qlivier, 17900 ) 1 Q Q .
Scarabaeidae |Onthaphogusveriicicornisil aicharting, 1781) 8] 8] 4 8l 4
Pachepus candidoe (Petagna, Z785) o] o jJol1 .
Sisyphusschaefiers L nnacus, 1/58) [} [} 2 8] 2
Scolytidae Cryplurgus mediterraneus (Cichhoff, 1871) 5] 5] 8] 1 _
Dryocoetes villosus minos (Cggers, 1903) o] o] 1 a -
Cinoporicus fag! (Fabicius, 1798) 3 2 o] o] 5
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TableA.2
(continued)

ihesinus torame (Dantisine i1 Bernhard, Z788] 0 0 0 |121]121
scolytus raglesus IPWJL Mllor, Z818) o 0 2 o] 2

irypodendron domesicum  Linnacus, 1/54) 14 9] V) V) 14

Aylebarin s saxesenii (Ralechurg, 18537} 7 s 5 7 19

Kyletarus disear (Fabricius, 1792) 53 (108 3 9 178

Xyleversus monocgrephus iFabe cius, 1792} o 1 14 | 22 | 39

Scraptiicae Anaspis (Anaseis) iurida [Stephors, 1832} 0 O 5 |31 ] 26
Anaspis (NGssips, lave (Lirnacas, L sd) 4 1 E U 4
Scraptia feceoginea (Kiesenweller, 2362} ¢ 5 8 0 3
Silvanidae Silvan s bicergtus (Fabriciug, 1792) [} 1 a a 1
Tenebrionidae | Cnopiopus dentipes (Rossi, 1790) 4] 4 11 0 15
Trogositidac Nemosoma olzngatum (Lirnacas, Legly ‘ ) . V) £
Zopheridae Corticuscaltis (Goerrrar, ZE24) 4 11 0 1 12
Faxslis pictus 15 arm, 1807} 1 ? 0 0 3
Synchita undata (G ace n-viéneville, 1844 0 E . 0 4

T 200 | 288 | 405 | 372 | 1372
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Old-growth forest and young stand: a comparison of beetle
assemblages at HJ Andrews Experimental Forest
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Abstract

1. Beetle assemblages and phenology were compatdedn an old-

growth and a young stand at HJ Andrews ExperimeRtalest (OR,

U.S.A).

2.Two trap types were used to collect insects: ended traps (crossed
panel interception traps) and traps set on thergtdlog traps). Log traps
were tested for the first time at Andrews Forest.

3. Abundance was higher in the old-growth foresieviamily richness was

comparable (only slightly higher in the young stand

4.Reasons for the unexpectedly high family richressxd in the young

stand may be: 1) the huge amount of deadwood présehe young stand;
II) the availability of beetle colonization sourcésside and outside the
young forest; Ill) the coverage of logs by mosdahiens and ground
vegetation, decreasing the availability of suitabteicrohabitat for

saproxylic insects, in the old-growth stand comgacethe young forest.
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5. Assemblages of beetles differed consistentlyvéen the two sites and
among traps. The seasonal increase in air temperaésulted in more
abundant captures especially at the ancient ferest

Key words. coleopterans, Douglas fir, deadwood, diversityg ltrap,
phenology

Introduction

Beetles represent a group of great biodiversity @ag a primary role
in forest environments, where several species kassiied as saproxylic,
i.e. depending on deadwood in one or more stages ofliteecycle or on
other saproxylic organisms, like fungi (Speight 998lasonet al. 2003,
Alexander 2008). Deadwood is a distinctive featfr@ncient, old-growth
forests (Harmoret al. 1986, Frankliret al. 1991, Harmon 1992, Shaaval.
2004, Castagnerit al. 2010), where the overall amount of deadwood is
usually very high and large-diameter, heavily decalpgs are often present
on the forest floor, together with stumps, snagkteard deadwood pieces.

This heterogeneous array of decomposed wood stésstthough in a
variable arrangement, is available continuouslpugh time (Siitonen &
Saaristo 2000). Thus the functional significancesaproxylic beetles is
enhanced: they can act as relevant plugs in foodswand complex
ecosystem processes, occupy several potential ichehave as
decomposers, fungivores, predators or use deadwsdtibernation sites
(Kappes & Topp 2004, Bouget al. 2005). Moreover, saproxylic insects
are often ecological specialists, being able tosigaronly in a restricted
range of nutrients, moisture and temperature. Risrreason, they show a
strict relationship with deadwood microhabitat citiods and this
specificity makes them suitable modédxa for habitat dependent
community studies (Lassaat al. 2005). In the western Palearctic region,
small patches of ancient forests remain in seveoahtries,e.g. Finland
(Martikainenet al. 2000), northern Italy (Motta 2002, Piovesral. 2005),
Czech Republic (Svoboda & Panska 2008) and Poldigibka 2006). In
the United States, western Oregon and Washingtea lager remnants of
ancient forests, more than 250 years old (Frandiral. 1981). Beetle
diversity has been investigated in old-growth arehaged or regenerated
forests, in northern Europee.d. Martikainenet al. 2000, Sippolaet al.
2002) and in the Nearcti®.f. Heyborneet al.2003, Paquin & Dupérré
2001, Dollinet al. 2008). Several of these entomological studiesdedion
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beetle families and species potentially dangeraysest agents (Schowalter
1988, Zhong & Schowalter 1989, Schowalter 19911ih&t998, Powerst
al. 1999) or on log decomposition and matter and gnengnover mediated
by heterotrophic activity of insects (Harmehal. 1986, Carpenteet al.
1988, Harmon 1992). In the present research, wepaoed abundance and
composition of beetle assemblages in an old-grawith a young stand at
HJ Andrews Experimental Forest (Oregon , U.S.Ane@reliminary aim
of the study was to test log traps in a conifertemsperate pluvial forest and
eventually give suggestions on any adjustment rieédemake the traps
work efficiently under rainy meteorological conditis. Then we addressed
particularly the following questions:

1) Do assemblages of beetle families differ signiftbabetween old-

growth and young forest, reflecting habitat comtiex

2) What is the phenology of beetle flying activitythre old-growth and
young forest?

Materials and M ethods
Sudy area

The Horace Justin Andrews (HJ Andrews) Experimerialest
(44°13'59” N, 122°10'34” W) is located in the Wiesn Cascade Range of
Oregon State (U.S.A.), in the 6400 ha drainagenbakiookout Creek, a
tributary of Blue River and McKenzie River, 80 Knast of the city of
Eugene. Elevation ranges from 420 m to 1615 m alihate is
characterized by wet, mild winters and dry, coainmers. The Andrews
Forest landscape is representative of conifer nadoots environment of
the United States Pacific Northwest (Franldiral. 1981) and is classified
into two major zones: 1) the western hemlog@kufa heterophylla) zone
(300-1050 m elevation) and 2) the Pacific silver(Abies amabilis) zone
(1050-1550 m elevation). Douglas-fiPgeudotsuga menzesii) and western
redcedar Thuja plicata) are major components of both zones (Fran&lin
al. 1981; Harmon 1992). Common understory tree spenidade Taxus
brevifolia and Acer macrophyllum. Old-growth stands, with dominant trees
over 400 years old, still cover about 40 % of thedfews Forest total area.
Mature stands (100 to 140 years old) originatirogrfrwildfire cover about
20% of the total surface. From 85 to 190 tons g&lper hectare and 29%
of the forest floor occupied by deadwood have breported (Frankliret al.
1981).
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Watershed 1 and Watershed 2 experimental plots

A large component of research at Andrews is bagedsmall
experimental basins (watersheds). The present rdsesas performed
inside forest plots at Watershed 1 and Watersh@¢21 and WS2). WS1
was subject to artificial disturbances between 1868 1971 (harvesting
and prescribed burn on the whole forest surface).2Wvas left untreated as
a “control site”. Subsequent aerial seeding andtplg, later performed in
WS1, were not very effective. As a consequencegytdbe two watersheds
are respectively characterized by a young naturayenerated forest and
an unchanged old-growth forest, from 120 to 400ryedd (Halpern &
Spies 1995; Jones & Grant 1996; Jones 2000). In,W4Bde Douglas fir
stumps and logs are still present on the foregirflas a result of past
logging activity. Living trees are mostly represahtby western hemlock
and broadleaves.€. Acer, Alnus), favored by light availability after cutting.

Trapping devices

Two types of interception traps for beetles weredusThe crossed
panel interception trap (CPt in this paper) was enasl described in Mason
et al. 2006, with transparent panels measuring 20 xB5Tdis type of trap
is ideal to collect flying forest insects (Gklan@9B, Ranius & Jansson
2002, Masonet al. 2006). The log interception trap (Lt in this paper
consisted of a transparent glass sheet, 40 x 3@nz@rted vertically into
two cracks cut on both sides of a plastic tray X330 x 13 cm). Each log
trap was set perpendicularly next to a log on tredt floor and was able to
stand alone steadily on the ground with no suppdd. were aimed at
intercepting saproxylic beetles inhabiting or enmeggrom decaying wood.
Lts have been widely tested in boreal forests atheon Europe (Alinviet
al. 2007, Franet al. 2007), but have never been used at Andrews Faonest.
both types of trap, the preservative liquid wasat-based anti-freeze with
a trace of soap (to prevent evaporation and to fatlve liquid surface
tension). Beetles were identified to family, usigett & Thomas 2001.

Sampling scheme and timetable

Within each watershed, beetles were trapped intidecircular 30 m
ray plot (Phenology Core, PC), where phenology eysvon ground
vegetation, birds and insects are conducted, asgfathe HJ Andrews
research program. In both watersheds, experimgpftéd (PC1 and PC2)
are located at low elevation (about 500 m a.alfgw hundred meters from
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the main HJ Andrews road (road1506). Four trap®wegated randomly in
each PC, one CPt and three Lt, eight traps in.t®ahdom points were
extracted by means of Excel Software as pairs gfea(degrees from the
North) and distance (m from the plot centre). EG&H was hung on a tree
branch, about 1.5 m from the ground. Lts were sethe forest floor, next
to logs found within 10 m circles centered at randpoints. For canopy
closure assessment, digital photographs were talteve each Lt, on top (1
photograph per trap) and towards North, East, SanthWest directions at
45° and 90° angles from the Zenith (8 photograpdrstrap). Photographs
were measured with ImageJ software, separatel¢3drand 90° angles, to
account for sunlight coming vertically and obliguelMean daily air
temperatures during the sampling period were doaddéd from HJ
Andrews Forest web sitehtfp://andrewsforest.oregonstate.gdufraps
were set in the field on 38of May 2011, georeferenced and kept active
until 27" of June 2011 (last sampling and removal of trapsips were
checked twice a week, to prevent damage, overflpwain water, dilution
or evaporation of preservative and samples werdéeated weekly (8
sampling sessions).

Satigtical analysis

In order to search for significant differences lie tability of the two
trap types to collect beetlesy&est was run, comparing captures performed
by the same type of trap in both WS1 and WS2 anthéywo types of trap
within each WS. Because the number of CPts andwedee different,
captures were standardized before running the Eest.the aim of the
present study, individual-based family accumulatiorves were calculated
with EcoSim (Gotelli & Entsminger 2001), to ass#®s richness of beetle
assemblages. The diversity profile module (perfatméh PAST, Hammer
et al. 2001) was used in this study to compare famihediity in WS1 and
WS2. To look at dissimilarities among sites angdraBray-Curtis index
based on log(x+1) of abundances was calculatedyusia@ software PC-
ORD (McCune & Mefford 2006). The cluster analysBC(ORD) was
based on a Bray-Curtis dissimilarity matrix, usantpg(x+1) transformation
of count data to balance contribution given by lowadundance beetle
families. To investigate phenology of beetle flyiagtivity, the seriation
algorithm in PAST was used. The seriation criteidolopted for the present
study was the chronological sequence of samplingeaBnan rank
correlation run with PAST was used to search foratations between

42



number of individuals captured per family and emperature. Temperature
values considered in the correlation matrix werewated averaging daily
records during intervals between each of the eightpling date.

Results
Efficiency of trapping techniques

Three thousand six hundred and ninety-four beaifeg2 families
were collected over the two-month period of sanpl®01 individuals (19
families) in CPt, 3193 individuals (40 families) it (Appendix A).
Twenty-three families were only sampled by Lt, wh#l families (Cleridae,
5 individuals and Throscidae, 1 individual) werdyoeollected by CPt. No
family was encountered in both traps of only onetewshed. The CPt
located in WS2 gave a “zero sample” twice (off 26d 3¢' of May, second
and third sampling respectively). Six families Stglinidae, Scolytidae,
Ptilidae, Leiodidae, Nitidulidae, Cerambycidae)ntrdouted the greatest
proportion of total abundance (88%). Staphylinidad Scolytidae were the
most abundant families (28% and 26%, respectivalyjthin the most
abundant families, a comparison of pooled captimreédPt and in Lt by
test showed that: 1) the number of beetles coliielsyethe two different trap
types within each WS was significantly different2) the number of
specimen trapped by Lts compared between WS1 and2 W@&s
significantly different; 3) the difference in thember of beetles trapped by
CPts compared between WS1 and WS2 was not sigmifi€Bab. 1).

Differences in beetle assemblagesin WS1 and W2

Total abundance was higher in WS2 (2169 individualsl525 in
WS1) while family richness was comparable (37 fasiin WS1vs 35 in
WS2). Individual-based accumulation curves of lesetirapped in each
watershed exhibited different shapes dependinghertrap type: while Lt
curves showed an initial rapid increase followedanyasymptotic phase,
CPt curves kept a steep pattern. In this respectpdth types of traps,
curves showed a higher richness of beetle famitie®/S1, more clearly
visible for CPt samples (Fig. 1). A comparison bé tdiversity of beetle
family assemblages in the two watersheds was rumguthe diversity
profile module. Profiles were consistent for higharersity in WS1 than in
WS2, for both types of traps (Fig. 2). Looking &siinilarities among sites,
seven families were only caught in WS1, while 5ifees were exclusively
collected in WS2 (Bray-Curtis Index = 0.2112). Ome tother hand,
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considering different traps within the same watedsha low overlap of
captures was recognized (GRWs Lt,s; Bray-Curtis Index = 0.4549; CRt
vs Ltys, Bray-Curtis Index = 0.6081).The Cluster analysiwvjled a
synthesis of how samples captured by the two tgpésp were different in
the two considered watersheds; three well sepaciteters were formed:
one including CPts from both watersheds, one caimyilLts from WS1
and one including Lts from WS2. Although no comgleverlap was found,
dissimilarities among log traps within watershedgre greater for WS2
than WS1 (Fig. 3).

Phenology

A Gantt chart (phenogram) of presence/absence efldodamilies
along the eight sampling sessions (Fig. 4) showeghranological shift,
which was confirmed as a significant phenology grattby the Seriation
module in PAST (Z score=-2.05, p=0.04 ). Trendaiirtemperature during
the sampling period were similar in WS1 and WS2 gtmwn). Bursts in
abundance of several families (Nitidulidae, Lei@didPtilidae, Scolytidae,
Staphylinidae) occurred between™6f May and 18 of June (fourth and
fith sampling respectively) and in late June %27 last sampling),
corresponding to seasonal increase in air temperatBpearman rank
correlation between abundance of beetle familied arean daily air
temperature was highly significant only for Scalge in WS1 (Spearman’s
rs = 0.826, df = 7, P = 0.017) and for Nitiduliddesiodidae, Ptiliidae,
Scolytidae and Staphylinidae in WS2 (Nitidulidas = 0.94, df =7, P =
0.002; Leiodidae rs =0.88, df =7, P = 0.007ljiBtie rs = 0.85,df =7, P =
0.007; Scolytidae rs = 0.90, df = 7, P = 0.005pBydinidae rs = 0.80, df =
7,P =0.02).
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Tablel
Comparison by Chi-square test of captures perforfogdCPt and Lt
between and within WS.

Beetle captures dtf west P
CPt_L/CPt 2 5 1.26 0.93 ”s.
Lt 11t 2 5 39.61 0 *
CPt_ L1t 1 5 66.58 0 *
CPt 2Tt 2 hl 107.44 0 *
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Figurel
Individual based accumulation curves of beetle fi@esitrapped in WS1 and
WS2 by CPt (a) and Lt (b).
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Figure?2
Diversity profiles for CPt (a) and Lt (b) at WS1dawS2.
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CPt1l Ltl.1 Lt2.1 Lt3.1 CPt 2 Lt1.2 Lt2.2 Lt3.2

CPtl 0] 0.4333 0.4224 Q.472 0.3014 0.5613 0.5238 0.5683
Ltl.1 0.4333 0 0.2385 0.2653 0.5403 0.2958 0.2895 0.3044
Lt2.1 0.4224 0.2385 0 0.1992 0.5322 0.2996 Q.2767 Q.275
Lt3.1 0.472) 0.2653 0.1992 0 0.5762 0.2783 0.3412 0.2604
CPt 2 0.3014 0.5403 0.5322 0.5762 0 0.5723 0.5974 0.6054
Lt1.2 0.5613 0.2958 0.2996 0.2783 0.5723 0 0.2794 0.209
Lt2.2 0.5238 0.2895 0.2767 0.3412 0.5974 0.2794 0 0.2647
Lt3.2 0.5683 0.3048 0.2756 0.2604] (0.6058 0.209 0.2642 q

CPt 1

CPt 2

Lt1.1

Lt2.1

Lt3.1

Lt2.2

Figure3

Cluster analysis using Bray-Curtis dissimilarityddtexible beta
(-0.25) group linkage samples in the two watersh&dda were log (x+1)

Lt1.2 ]
Lt 3.2

transformed before dissimilarities were calculated.

Lt 1.1, Lt 2.1, Lt 3.1 = Log traps at WS1,; Lt 112,2.2, Lt 3.2 = L traps at

WS2. CPt 1 and CPt 2 = Crossed panel traps at WSINS2.
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Cryptophagidae
Coccinellidae
Carabidae
Cucujidae
Scydmasnidas
Cerambycidae
Scolytidae
Leiodidas
Ptiliidas
Monotomidae
Staphylinidae
Colonidae
Curculionidae
Nosodendridae
Elateridae
Throscidae
Latridiidae
Corylophidae
Lucanidae
Laemophlocidae
Cantharidae
Erotilidae
Lycidae
Nitidulidae
Derodontidae
Anthribidae
Endomychidae
Eucnemidae
Melandryidae
Scarabaeidae
Cleridas
Salpingidae
Anobiidae
Silphidae
Ciidae
Scraptiidaa
Limnichidae
Aphodidae
Clambidae
Silvanidae
Tenebrionidae
Mycetophagidae

Figure4
Phenogram of presence/absence of families captatedg the eight
sampling sessions.
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Discussion

Free hanging interception traps with crossed panglmlly exhibit a
very high efficiency in terms of species richnessd aabundances.
Surprisingly, CPts used for the present researdtieaed lower values
compared to Lts for both numbers of families andividuals. However,
size and positioneg(g. height) of hanging traps may markedly affect trap
efficiency. For this reason, further investigatiams trap performances in
standardized conditions are recommended. Congiructand field
application of Lts were easy and cheap. Precipitagvents, which are
usual during spring in temperate forests of U.8&cifit Northwest, can
severely dilute preservative liquids inside trafts. To avoid degradation
of biological samples, one possible solution cdaddcconstructing a cover of
transparent plastic fabric, suspended and stretebgdontally over the trap
and the corresponding deadwood piece. This woddant rain from filling
the vessel, while keeping functionality of the trafih regards to beetles
walking on logs €.g. Carabidae). Complex forest environments show a
diversity gradient from the forest floor to the opgy (Stiremanret al. in
press, Stork & Grimbacher 2006, Wermelingeal. 2007). CPts and Lts at
Andrews Forest were probably able to detect thitepa being located on
the forest floor, Lts collected a considerable titac of the beetle
community inhabiting the bottom layer of the foreavironment, including
saproxylic beetles (Cerambycidae, Scolytidae), leseteeding on fungi
(Leiodidae, Nitidulidae) or flowering herbs (Ceilayoidae, Lucanidae,
Nitidulidae), predators moving on logs (Carabidak)elling in humid leaf
litter (Ptilidae) or related to complex and diversfood webs
(Staphylinidae). The development of diversity asayat family level may
be criticized, being a coarser taxonomic level tisaoften used to carry on
ecological research (genus or species level). Nesless, it has to be
stressed that, beside a huge number of singletmesgpecimen per family),
a surprisingly low number of morphospecies was pealp within more
abundant families: onlilatyceroides sp. among Lucanidae, onGolon sp.
among Colonidae, onlhjgathidium sp. andCatops sp. among Leiodidae,
only two genera among Cerambycidae, with 90% offdineily represented
by Evodinus sp.

Even at family level, several metrics investigatidgersity and
composition of beetle assemblages were capablegblighting differences
between watersheds. Results indicated higher nuohiadividuals in the
old-growth forest plot and a slightly higher numbef families, and
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presumably species richness, in the young starid $imilarly, Heyborne
et al. (2003) found a higher species richness of groumellthg beetles in
clear cuts, but higher abundances in old-growtbessét Andrews Forest.
Several reasons may explain this peculiar patt@amopy closure and
structure is a relevant process included in foregeneration (Parkedt al.
2004, Swansomt al. 2011). A comparison of canopy closure percentages
above Lt didn’t result in marked differences betaw®¢S1 and WS2 (values
not shown in the present paper), probably becaestenn hemlock trees at
WS1 had time enough, after past treatments, tons¥gée, grow up and
close the canopy layer at the expenses of the shealerant Douglas fir.
Nevertheless, understory conditions are deeplyrgarg between WS1 and
WS2. In regenerating forest environments, one & thost important
feature is the array of resources (light, solariatimh, nutrients) that
become available in large amounts. These newlyablairesources switch
on complex ecosystem processes, create diverse i@y and more
balanced trophic pathways that may support a wated more diverse
community of survivor, generalist and ruderal cpleoans (Swansoet al.
2011).

Developmental processes are enriched by colonizagients from
within and outside the treated area (Swargah. 2011). Though structural
complexity and patchiness is much higher in masttamds than in young
ones, spatial heterogeneity can befound in youmgsfe as well. Large
stumps and logs derived from past logging actisitee still present on the
forest floor at WS1 and may act as colonizationrees of saproxylic
insects, while providing long term sources of egemnd nutrients.
Moreover, dispersing individuals from the old-grbwforest, which
continuously surround WS1, may be abundant indtted watershed.

On the other hand, under shady and high moistuneditons,
decomposition processes tend to be dominant igaddsh stands. The rate
at which logs are covered, sink into the soil andfe overgrown by ground
vegetation, mosses and fungi, is likely to changality of deadwood and
remove this resource for deadwood-inhabiting orgrasi (Dynesiugt al.
2010). All these factors together may be considécedxplain the slight
divergence of biodiversity values observed betwd®S81 and WS2.
Diversity in WS2 may not be lower, but more diffictio detect, being
expressed at smaller scale and at microhabital, lasesuggested by the 2-D
space occupied by Lt of WS2 in the NMDS graph. pbssibility of sorting
beetle samples sequentially following each samigggion was relevant to
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empirically see shifts and appearances of beethiliés, variation in
abundances and thus infer phenology of flying éts and emergence of
insects. However, looking at results of the phegicll analysis, most
abundant families showed a consistent sensitivithh¢ seasonal increase in
air temperature, as revealed by the increased nuafliedividuals, mainly
at WS2.

Stable microclimate conditions seem to charactebizédn old-growth
and young forests at the study area, as showednblarsair temperature
trends (not shown in the present paper). This isbgbly due to a
comparable canopy closure, as measured by ouragimbased on digital
pictures. Therefore, insect phenology seasonamdiffces may be explained
by intrinsic lifecycle traits. In conclusion, remibbtained with the present
research are consistent with knowledge achievefhrson the ecology of
old-growth forests and their inhabiting beetle fawmnd highlight the need
of deeper investigations at smaller scale. Theofiseg traps in this type of
environment is recommended, because they captutadher number of
beetle specimens and families than crossed paps. tr

Further investigations based on a wider samplinfprisf finer
taxonomic level and beetle microhabitat prefererresadvised.
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Appendix A

Families and individuals collected in WS1 and WS2Ha Andrews
Experimental Forest by crossed panel interceptiapst (CPt) and log traps
(LY). In bold: families captured only in one WS;iitalics: families captured
only in one type of trap.

WSt WSl
Pt Lt Pt Lt tot
Ancbndac 4 2 4 ]
Anthribidag 3 1 4 3
Aphadidae 2 i 3
Cthaidae 1 33 0 7 +1
Ceareehiclae li 7 li I
Ceraniby cidae 3 40 7 29 84
“iiclaie i i) 7
Clambidae 0 1 0 0 1
Cleridae 0 0 = 0 B
Caccinellidae LU 1 LU LU 1
Corleidiclen [} 5 [} 3 i3
Corylophidae L L 0 1 1
“iioagicon i i 2
Cucujidae 0 1 0 0 1
Chureviliomidoe { ki { ki id
Dcredontidac E 7 ] H 17
Elateridae o b 1 23 33
Endomy chidae 0 0 0 2 2
Eresilicioe [i 4| [i il i3
Snirnemicioe [ iy [ 3 B
Lacimophlacidac 2 23 i 1 i
Latridiidae 1 ¥ 4 3 1
Leiodidoe 1z 178 29
Limnichidae 0 0 0 1 1
Toicctiichw [} 3 [} E
Lycidac 1 1 4 1 5
Melandrvidae 0 0 0 1 1
Tonotomidae [y 19 1 2 28
Mycetophagidae U 1 U U 1
itidulidac s hE) 4 1 123
Nesodenevidae ¥ i -7
Ptiliidae 1 111 2 621 735
salpiugidae 2 1 2 0 3
Seon aharzicow li 7 i i ]
Seolytidae 204 337 221 209 967
Seraptiidae 0 1 0 0 1
scvdmenidae 4 1% 2 14 3%
Silpdviclers [i 2 [i 27 2
Silvanidae 1 1 1 1 1
Stapliv lnadac 14 428 N 6Lz 104
Cenebricnidag ] iU iU 1 3
[hroscidae 1 0 0 0 1
Tot 240 12746 a5 1917 3094
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CONCLUSIONS

Forest types, shape and size of plots usually differ markedly among
LTER sites. Moreover, location, slope and exposition may affect
environmental variables at sites: ICP Forests plots were set in the field
within a huge homogeneous area of 10 ha but, in highly diverse forests like
Rosello, sources of ecological discontinuities are present just over the
borders of the fenced plot (trails, large logs or snags, rare tree species like
Abies alba etc.); on the other hand, monitoring plots in Watershed 1 and
Watershed 2 at Andrews forest are located at the bottom of the catchment
and this is undoubtedly significant in shaping their ecology, compared with
similar monitoring areas located at higher elevations, at the top of the
basins.

All the mentioned aspects make comparisons of data among plots very
difficult. Despite these potential weaknesses, significant differences
concerning assemblages of saproxylic beetles were detected among plots. In
fact, results from Italian field tests showed differences in the diversity of
beetle faunas, in the actual and estimated number of total beetle species and
of saproxylic species, in composition of assemblages. We found that, at the
considered study areas, saproxylic beetles are poliphagous species, they are
not linked to species composition of tree communities but they exhibit
preferences for structural traits of forests. We also found that, among habitat
factors, deadwood amount, decay class of deadwood, slope and stand age
have the strongest effects on the composition of assemblages of beetles.

Results returned by the Andrews forest were consistent with the main
findings, in spite of the coarser taxonomic identification, based on family
level.

The plot scale was able to reveal ecological patterns. This also means
that saproxylic beetles represented a suitable target animal group to be
investigated at small (plot) scale. These outcomes are relevant with regards
to Italian LTER forest sites, firstly because we demonstrated that studies at
forest plots can shift from vegetation monitoring to investigations on animal
community ecology; secondly, because we could integrate data on
occurrence and abundance of forest dwelling beetles with existing sets of
long term data measuring habitat factors.

From a methodological point of view, the introduction of this new
research into the long term data series would comply with recommendations
arising from LTER literature: 1) the research would start from past field
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experiences already tested (Mason et al. 2006); 2) it would be possible to
maintain the existing sampling design and data sampling scheme (Sykes &
Lane 1996, Parr et a. 2002, Lindenmayer & Likens 2009); 3) existing data
on habitat variables could be used to answer research questions referred to
the target study group (Sykes & Lane 1996, Parr et al. 2002, Lindenmayer
& Likens 2009).

A few suggestions to improve the consistency of researches on
saproxylic beetles at LTER forest plots are the following:

-field sampling based on random points: in fact, locations of ICP
Forests plots were not originally selected on a systematic grid, but
subjectively chosen. Traps located randomly may overcome statistical
congtraints deriving from non-random locations of study sites;

-a higher number of space and time replicates of plot sampling:
multiple 50 x 50m sampling plots within homogeneous areas and multiple
year sampling may facilitate the ongoing process of plot upscaling.

Ultimately, results of the present project demonstrated that studies on

lists of species may be suitable to long term ecological research, unlike
what other authors stated in the past (Seastedt & Briggs 1991).
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