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Abstract. Several studies address the question of which forest attributes are most important for the conservation of biodiver-
sity. Unfortunately, there are no unequivocal answers because the response of a biological group to changes in forest structure
depends on its natural history and scale of organization. It is important to increase our knowledge of the potential relationships
between under studied groups of species and forest variables in order to adopt timber harvesting strategies not detrimental to bio-
diversity, especially in old-growth forests. We assessed the importance of 10 forest attributes and old-growth for Psychidae (Lepi-
doptera) species and communities. Research was carried out in 12 forest stands in a mountainous beech dominated landscape
in southern Italy, in the middle of the Mediterranean Basin. Samples were collected in 2001 and 2013 and data were merged after
pairwise comparison analyses that confirmed the long term stability of communities. Correspondence Analysis, Cluster Analysis
and non-parametric Spearman Rank Order Correlation were used to identify determinants of Psychidae abundance and diversity.
We collected 2,732 Psychidae belonging to 8 species. Correspondence analysis identified old-growth as the main determinant of
communities. Most significant attributes for individual species were beech dominance, diameter at breast height and its standard
deviation. For Taleporia defoliella there were positive correlations with these forest parameters, whereas for Psyche crassiorella
the correlations were negative. This study underlined the importance of forest attributes associated with old-growth forests for
sustaining biodiversity. These findings indicate the need to incorporate these attributes in forest planning, especially those aspects
that are easily recognizable such as the number of large trees.

INTRODUCTION

There is a large body of literature on the relationships
between biodiversity and forests attributes that investigate
the parameters associated with species richness (Michel &
Winter, 2008; Moning & Miiller, 2009; Blasi et al., 2010;
Fritz & Heilmann-Clausen, 2010; Janssen et al., 2011), es-
pecially of declining species (Nieto & Alexander, 2010).

Structural parameters of forest are known to be impor-
tant determinants of plant and animal diversity (Blasi et al.,
2010). Forest age determines lichen, mollusc and bird di-
versity (Moning & Miiller, 2009), tree species composition
affects the composition of animal communities (Ostaff &
Quiring, 2000; Cherkaoui et al., 2009; Janssen et al., 2011),
and tree density and basal area affect diversity in tropical
dry forests (Sagar & Singh, 2006). Microhabitat diversity
seems to be one of the most important parameters linked to
high levels of biodiversity, especially in old-growth forests
(Michel & Winter, 2008; Fritz & Heilmann-Clausen, 2010).
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The amount of dead wood appears to be a good predictor
of saproxylic beetle diversity (Bonacci et al., 2012; Lachat
et al., 2012; Redolfi De Zan et al., 2014). Unfortunately, it
is not always possible to extend the outcome for a given at-
tribute to whole forest biodiversity because natural history
and home range of organisms, and scale of observation can
strongly affect relationships between biodiversity and for-
est attributes (Summerville et al., 2003; Redolfi De Zan
et al., 2014). Paradigms of island biogeography and land-
scape ecology are evoked to explain diversity and species
abundance in fragmented forests. In some cases data are
in agreement with its postulates as is recorded for moths
(Usher & Keiller, 1998; Fuentes-Montemayor et al., 2012),
but not in other cases, for example, birds (Cherkaoui et al.,
2009). Tree species diversity influence the composition of
lepidopteran communities at fine scales (Ostaff & Quir-
ing, 2000), whereas as at larger scales other determinants
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suchas biogeographic history and landscape heterogeneity
are important (Summerville et al., 2001, 2003).

Often insects are utilized as bioindicators because they
have a key role in ecological functioning of forests. They
are detritivores, defoliators, prey for vertebrates, pollina-
tors, etc. Furthermore there are changes in the species com-
position and abundance in their communities in response
to environmental perturbations. Ground beetles respond to
forest management (Negro et al., 2013), saproxylic beetles
are investigated because of their importance from a conser-
vation point of view (Nieto & Alexander, 2010; Mazzei et
al., 2011) and Lepidoptera are used to describe spatial and
temporal patterns in forest biodiversity (Usher & Keiller,
1998; Summerville et al., 2001, 2003), and so on.

Lepidoptera is a hyper-diverse insect order, including
several families of which only the so called macrolepi-
doptera have a well-defined taxonomy and well-known
ecology, and often used in ecological studies (New, 2004;
Summerville et al., 2004; Scalercio et al., 2007). The fam-
ily Psychidae (Lepidoptera: Tineoidea), with 514 species
in the Palaearctic Region (Sobczyk, 2011), have a natural
history quite different from that of other Lepidoptera. Lar-
vae live in a bag of variable architecture built of plant de-
tritus, which sometimes is useful for species identification.
Females are usually wingless and sometimes without any
kind of appendages. Males are small, brownish or greyish,
rarely larger than one centimeter, with a very low dispersal
ability. Some species are parthenogenetic. Larvae pupate
inside their bag and females of many species also lay eggs
inside the bags (Rhainds et al., 2009). This family is often
neglected by lepidopterists because species are difficult
to identify and rarely collected as adults. Few species are
well known other than the pests and little is known about
the ecology of most of them. However, knowledge of their
relationships with forest cover could add a new piece to
the puzzle of forest ecosystem functioning. Some charac-
teristics of Psychidae are very useful for describing forest
habitats. They have a very low dispersal power and thus
can be a powerful tool for describing forest dynamics at
small spatial scales of tens of meters. Usually the diversity
and community composition of phytophagous Lepidoptera
is associated with the diversity and composition of flora,
but larvae of European Psychidae often feed on detritus,
algae and lichens or are polyphagous (Hittenschwiler,
1997). Thus they are more likely than other Lepidoptera
to respond to plant structure and microhabitat characteris-
tics than floristic composition. It is important to investigate
as many animal groups with different ecological needs as
possible to delineate the detailed dynamics of biodiversity
in forest ecosystems.

We characterized the Psychidae community in Moun-
tainous beech forests, a forest type covering 4% of the for-
ested area in Europe (Barbati et al., 2014). The area studied
is located in the middle of the Mediterranean Basin, at the
southern edge of the range of beech. We tested the hypoth-
esis that the structure of communities of Psychidae are
associated with forest attributes. Furthermore, we investi-
gated the relationships of the communities and individual
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species with forest attributes characterizing old-growth
beech forests in order to propose appropriate management
strategies. In detail, the aims of this study were: (1) to as-
sess the adaptation of Psychidac communities in terms of
the fine scale attributes of beech forests; (2) to identify for-
est attributes driving Psychidae communities; (3) to evalu-
ate Psychidae as an indicator of old-growth beech forests.

MATERIAL AND METHODS

Study area

The study area is situated in the locality Passo della Crocetta
at 900-980 m a.s.l., in the Catena Costiera mountains, Calabria,
Southern Italy (Fig. 1). The soil is arenaceous-siliceous, usually
with a good depth (80—-100 cm), loose and permeable in upper ho-
rizons. It is moderately fertile, suitable for grazing, farming and
forest cultivation. According to the Soil Map of Italy (Mancini,
1966) it belongs to the brown Mediterranean soil of mesophilous
forests. The climate is submontane Mediterranean, with mild and
rainy winters and hot and dry summers (Ciancio, 1971). Annual
mean temperature over the last 30 years was 13°C, with an aver-
age annual precipitation of 1550 mm and 110 rainy days. Dryness
of summer months is mitigated by high humidity caused by oro-
graphic fogs due to western humid winds encountering the moun-
tains of the Catena Costiera. Forest cover is dominated by Fagus
sylvatica L. In Europe beech forests have a key role in the conser-
vation of biodiversity (Annex 1, Habitats Directive, 92/43/EEC)
and their conservation value is greatest in the south because the
beech forests there are ecologically and biogeographically older
than those in central and northern Europe (Walentowski et al.,
2014). According to Barbati et al. (2014) the beech forest studied
can be classified as Apennine-Corsican mountainous beech forest
(EFTs — Type level 7.3). For the Mediterranean Basin there are
few studies on the relationships between biodiversity and beech
forest attributes (Negro et al., 2013; Redolfi De Zan et al., 2014),
although they harbor unique species assemblages including en-
demics and relict species (Walentowski et al., 2014). In the area
studied some patches of forest cover have structural attributes
typical of an old-growth forest (Bauhus et al., 2009). Very large
beech trees dominated in some patches, with Ruscus aculeatus
L. and llex aquifolium L. in the understory, a high above ground
biomass and deep layer of litter on the forest floor. There are iso-
lated but not rare trees of Acer pseudoplatanus L., Quercus cerris
L., Castanea sativa Mill., Corylus avellana L. and Fraxinus spp.
in the tree layer. Along watersheds Alnus cordata Desf. is more
common than in other areas. Small patches of 60 year old Pinus
pinaster Aiton are present in the area as consequence of reforesta-
tion of pastureland. The forest cover is homogeneous with only
sporadic small clearings of various origin where Pteridium aquili-
num (L.) Kuhn, Rubus sp.pl., Sambucus nigra L. and Erica arbo-
rea L. dominate depending on local edaphic conditions. Human
disturbance is low and heterogeneous. The area is traversed by
Provincial Road n. 35, but vehicular traffic is very scarce.

Description of stands

We investigated Psychidae community along a beech-dominat-
ed forest transect ranging from patches having characteristics of
old-growth forests to highly disturbed patches such as areas refor-
ested with conifers. Topography, species composition of the tree
layer and forest structure were studied in a buffer zone of 15 m
around 12 guard railed sections of Provincial Road n. 35 in which
Psychidae were collected (Fig. 1). Stands chosen were small in
area with a diameter of 1.25 km and variation in altitude of 80 m
(Table 1). In such small areas we were able to keep altitude and
macroclimate similar and so eliminate the biogeographic effects
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Fig. 1. Map showing the locations of the stands sampled (T_1-T_12) in this study. Bags spun by pupating Psychidae were collected from

guard rails along Provincial Road n. 35.

that can affect lepidopteran communities in studies carried out at
larger scales (Summerville et al., 2003).

Species composition of the tree layer was analyzed in terms
of species richness (S, ) and beech dominance, with the last ex-
pressed in terms of the incidence of beech in the tree layer.

The structural forest parameters investigated were: (1) tree
density, the number of trees per ha™! in a given stand; (2) canopy
cover, defined as the percentage of the buffer zones covered by
tree canopy measured by determining the surface of the under-
story directly exposed to the sun in June at midday on sunny days;
(3) mean tree diameter at breast height (DBH), (4) its standard
deviation (DBH_SD) and (5) the cumulative basal area (DBH
area); (6) above ground wood biomass (AWB) and (7) dead wood
biomass of standing deciduous trees (DWB) computed by using
volume and yield tables available for beech forest in the study
area (Castellani, 1970); (8) number of large deciduous trees per
ha™!, identified as those with a DBH > 40 c¢m (Blasi et al., 2010).
In the area studied this diameter corresponds to trees older than
100 years (Ciancio et al., 2008), a threshold age critical to sustain
biodiversity in old-growth forests (Moning & Miiller, 2009). All
trees with a diameter > 3.0 cm were measured.

Furthermore, we measured the extent of “old-growth”, a meas-
ure used to estimate the status of old-growth forest (Franklin &
Spies, 1991; Bauhus et al., 2009). It was measured by ranking the
stands from most to less “old” for the four structural attributes
of old-growth: number of large trees, AWB, DWB and standard
deviation of DBH. Stands were ranked in terms of the values of
any of the old-growth measures from the highest (score 12) to the
lowest (score 1). The stand with the lowest sum of scores was the

youngest and that with the highest total score the oldest. Conifers
were not taken into account in the measure of old-growth because
they were planted in the study area. Results of these stand analy-
ses are summarized in Table 2.

Psychidae sampling

Bags spun by Psychidae were collected every ten days in 2001
and 2013, using the method adopted by Scalercio (2004), from
12 sections of guard rail along Provincial Road n. 35. Guard rails
are good places for sampling Psychidae because it is easier to
find them there than on bark and rocks because of their cryptic

Table 1. Topographical features and areas of the stands and
lengths of guard rail sampled.

Altitude

Guard rail

Stand Latitude Longitude . Aream?
ma.s.l. length m
T_1 980  39.326396° 16.112780° 74 3120
T2 975  39.327200° 16.111928° 102 3960
T3 960  39.326733° 16.110663° 109 4170
T 4 955  39.326521° 16.109215° 50 2400
T5 950  39.327558° 16.108316° 160 5700
T 6 945  39.328270° 16.106873° 66 2880
T7 930  39.327657° 16.105285° 51 2430
T8 930  39.327736° 16.103586° 45 2220
T9 915 39.327039° 16.102645° 63 2790
T 10 905 39.326944° 16.101066° 178 5340
TN 905  39.327296° 16.099949° 67 2895
T_12 900 39.327774° 16.099423° 63 2775
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Stands

Forest variables

T1 T2 T3 T 4 T5 T 6 T7 T8 T9 T10 T 11 T_12
Tree species richness (S,..,) 3 2 4 6 6 4 7 7 7 9 9 4
Beech dominance (0-1) 0.90 1.00 0.71 0.84 0.85 0.93 0.61 0.28 0.64 0.08 0.09 0.04
Tree density (ha™) 369 189 158 475 398 840 1461 689 789 464 183 281
Canopy cover (%) 96.2 98.7 71.5 96.7 98.4 92.5 80.2 61.3 61.6 73.1 70.5 60.6
DBH (cm) 31.3 52.5 27.3 26.0 27.9 12.8 11.3 12.1 144 25.9 35.0 221
DBH_SD (cm) 2659 2849 2854 2199 2445 1284 927 11.03 1216 13.05 19.92 11.13
DBH area (m?) 40.97 43.62 2226 4259 4417 21.67 2446 1841 2046 3576 23.04 13.37
Large trees (tree ha™) 1346 1338 55.16 1292 1211 59.03 28.81 4955 3584 16.85 62.18 21.62
AWB (m?3 ha™") 454 517 158 448 445 196 165 154 175 265 252 120
DWB (m? ha™") 1.71 0.45 0.15 2.85 0.558 0 5.646 0.144 0.019 0 0 0.472
Old-growthness (score) 43 41 34 38 35 18 19 14 16 15 22 14

colouring and because many species pupate on guard rails. In
fact, several Psychidae pupate on vertical surfaces, usually trees,
plants, rocks but also guard rails, in order to maximize mating
success (Rhainds et al., 1995) and dispersal of the young larvae
that emerge from the bags (Ghent, 1999). The pupation sites of
the different sexes of some species of bagworm differ (Rhainds et
al., 2009) and collecting bags can result in underestimates of the
numbers of species and of the different sexes, usually the males,
which pupate on horizontal surfaces. The data, however, are suit-
able for ecological analyses because they are collected in a stand-
ardized way. Sampling along guard rails is similar to sampling
along forest edges or in forest gaps and such habitats, as they
could differ greatly in terms their microclimate compared to ad-
jacent forest. However, the stands studied were in a buffer zone

Table 3. Summary of the Psychidae collected in the different stands. For each species the total number of bags collected in 2001 (N,

around guard rails, which was large enough to include all these
habitat discontinuities. Usually, there are no gaps in the canopy of
stands with large trees because their crowns are very large, which
results in a relatively uniform microclimate in these forests.

All bags were removed from the guard rails and tentatively
identified to species level in the field. Then, they were kept sin-
gly in aerated transparent plastic tubes under laboratory condi-
tions of light and temperature until adults, larvae or parasitoids
emerged. Species identification was confirmed after adult emer-
gence based on the morphology of the adults and genital appa-
ratus of males using specialist keys (Kozhanchikov, 1956; Hét-
tenschwiler, 1985; Héttenschwiler, 1997, and references therein),
and by barcoding analysis (available in the BOLD dataset “DS-
PSYFO”, accessed at http://dx.doi.org/10.5883/DS-PSYFOR)

2001 )

and in 2013 (N,,,,), and the mean number of bags collected per meter on guard rails during the whole sampling period (2001 +2013) were

recorded.
. Stands
Species T1 T2 T3 T4 T5 1T6 T7 T8 T9 T10 TM1 T2
_ N, 223 106 118 78 93 48 3 2 6 0 0 0
Talepona N,, 8 205 43 12 79 16 6 8 4 0 0 0
bagsm® 21 15 074 0980 054 049 009 011 008 0 0 0
, N, 3 17 2 6 22 8 1 1 9 23 7 14
[aleporta Ny, 5 17 26 17 47 15 11 15 18 32 15 11
bagsm' 005 017 013 023 022 017 012 018 021 015 016 020
N, 5 23 39 13 51 35 3 33 27 4 4 8
povene o Nag 2 6 27 27 3 19 59 34 79 149 19 82
bagsm 005 014 030 040 027 041 088 074 084 053 017 071
, N, 25 1 26 12 19 2 22 9 11 6 0 0
é‘c’;';ﬁl’tre ‘;I‘g’a Nyors 11 20 17 28 24 15 30 0 20 24 2 1
bagsm’ 024 015 020 040 013 043 051 010 025 008 002 001
_ N, 0 2 0 0 0 1 0 0 1 0 0 1
fj::;j;ga R VS | 13 3 4 2 0 0 1 1 0 0 0
bagsm' 007 007 001 004 001 001 0 001 002 0 0 001
N, 0 0 0 0 0 0 0 2 2 4 0 2
5;23;’;“ a Ny 0 0 0 0 0 1 1 0 4 0 0 4
bagsm” 0 0 0 0 0 001 001 002 005 001 0 005
, Ny O 0 0 0 0 1 2 0 0 1 0 0
;‘gf&ae " Ny, O 0 0 0 0 1 0 0 0 0 0
bagsm 0 0 0 0 0 002 002 0 0 001 0 0
Ny O 0 0 0 0 0 0 1 1 2 0 0
P :I_";'(’fr';’gpte'yx N,, O 0 0 0 0 0 0 0 0 0 0 0
bagsm' 0 0 0 0 0 0 0 001 001 001 0 0
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Table 4. Similarity of the samples collected in 2001 and 2013.
Similarity of stands and species in the two samples was measured
using Morisita-Horn similarity index (M-H).

Stands M-H Species M-H
T1 0.982 T. defoliella 0.759
T 2 0.987 T. tubulosa 0.877
T3 0.825 P. crassiorella 0.735
T 4 0.868 A. comitella 0.824
T5 0.958 B. conspurcatella 0.569
T 6 0.716 C. unicolor 0.516
T7 0.971 L. lapidella 0.363
T8 0.875 P. apiformis 0
T9 0.973

T_10 0.933

TN 0.921

T 12 0.586

(Ratnasingham & Hebert, 2007). All sequences are also avail-
able on GenBank (accession numbers: KU497313, KU497314,
KU497407, KU497421-KU497423). Data on species presence
and abundance were recorded on data sheets. Empty bags from
which adults emerged were identified based on their structure.
Some voucher specimens were retained in the collection of the
Unita di Ricerca per la Selvicoltura in Ambiente Mediterraneo
and the others were released alive in the field.

Data analysis

A Psychidae species/stand matrix was built using the number
of bags per meter of guard rail as a measure of abundance, which
is recorded in the matrix and submitted to statistical analyses.

A previous study (Scalercio, 2004) recorded seven species in
the study area. Among them, Taleporia defoliella and Anaproutia
comitella, the last erroneously identified as Proutia betulina, are
recorded only from northern Italy. The analysis of the diversity
of Psychidae communities was done using species richness, a di-
versity measure often used in studies on arthropod communities
(e.g. Usher & Keiller, 1998; Summerville et al., 2004; Blasi et al.,
2010; Negro et al., 2013; Redolfi De Zan et al., 2014).

Pairwise similarities of the 2000 and 2013 samples were evalu-
ated using Morisita-Horn index (M-H), a quantitative similarity
index based on species abundances, ranging from 0 for complete-
ly different communities to 1 in the case of identical communities
(Magurran, 1988). We used a quantitative index in our analyses
because it is more appropriate for comparing species poor com-
munities. Cumulative and individual communities sampled in
2000 and 2013 were compared in order to assess if significant
changes had occurred and to evaluate if combining them in a
unique species/stands matrix was appropriate. Comparisons were
done using EstimateS 9.1.0 (Colwell, 2013).

Species and communities were grouped using Cluster Analy-
sis. This method groups variables that have similar distributional
patterns or composition. We used Complete Linkage clustering as
the amalgamation method, 1-Pearson 7 to measure the distances
between species, a measure not sensitive to the abundance of the
rarest species and the Chebychev metric to measure the distanc-
es between communities. We ran a Canonical Correspondence
Analysis (CCA) on the standardized species/stand matrix. The
CCA is a multivariate statistical technique that identifies latent
relationships between stands and species and determines the most
important factors shaping community composition. This analy-
sis displays a set of data, species and stands in two-dimensional
graphical form (bi-plot) based on the percentage of inertia (total
variance) explained by the most relevant axes or dimensions.
Species and stands that are close on the bi-plot have a tenden-
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Fig. 2. Results of multivariate analyses: a — Cluster Analysis of
the Psychidae communities sampled (Complete Linkage method,
Chebychev metric distances); b — distribution of stands and spe-
cies on the CCA bi-plot defined in terms of dimensions 1 and 2 that
account for 93% of the total inertia.

cy to be associated with each other, i.e. these species tend to be
most abundant in these stands. Dimension 1 and 2 represent the
most relevant factors determining the observed patterns. In order
to identify the ecological meaning of these dimensions, we car-
ried out a correlation analysis (non parametric Spearman Rank
Correlation) of the relationships between forest parameters of the
stands and their scores on Dimension 1 and 2.

To assess if correlations occur between Psychidae and forest
structure, the non parametric Spearman Rank Correlation was
chosen as the most appropriate statistical procedure. Results were
submitted to a correction for multiple comparisons according to
the Bonferroni rule. The response variables were the total abun-
dance (V, ) and species richness (S, ) of the Psychidae com-
munities with abundances (bags per meter) of individual species
making up more than 1% of the total Psychidae abundance; forest
attributes were treated as explanatory variables. Statistical analy-
ses were computed using STATISTICA 8.0 (StatSoft Inc.).

RESULTS

Psychidae communities

We collected 2,732 bags, 1,185 in 2001 and 1,547 in
2013. Communities were made up of 8 species (Table 3),
of which only Phalacroperix apiformis was absent in 2013.
This species usually occurs at lower altitudes and in more

117



Scalercio et al., Eur. J. Entomol. 113: 113-121, 2016

doi: 10.14411/eje.2016.014

Table 5. Non parametric Spearman pairwise Rank Correlation coefficient of Psychidae communities with forest attributes (Npsy — total
abundance of Psychidae communities; Spsy — species richness of Psychidae communities; *p < 0.05) and individual species making up

more than the 1% of the total Psychidae abundance.

. Taleporia Psyche Anaproutia Taleporia Bankesia
Forest attributes NPSV SPSY defoﬁl)iella cras;/iorella corﬁitella tubLﬁosa conspurcatella
Tree density 0.17 0.81 -0.14 0.70 0.38 0.20 -0.20
Canopy cover 0.53 -0.28 0.73 —-0.58 0.44 0.01 0.27
AWB 0.43 -0.36 0.58 -0.71 0.27 -0.03 0.35
DBH 0.10 -0.81 0.40 -0.92* -0.13 -0.10 0.32
DBH_SD 0.30 -0.61 0.66 -0.86* 0.13 -0.15 0.47
DWB 0.60 -0.27 0.50 —-0.04 0.61 0.01 0.32
DBH area 0.36 -0.42 0.56 -0.60 0.36 —-0.04 0.13
Large trees 0.55 -0.48 0.82* -0.83* 0.29 0.03 0.59
Beech dominance 0.69 -0.02 0.86* -0.54 0.48 0.01 0.56
S ees —-0.42 0.22 —-0.68 0.24 —-0.06 -0.09 -0.58
Old-growthness 0.64 -0.57 0.81 -0.79 0.51 -0.19 0.50

xeric habitats and probably was rare and only occasionally
present in the study area. Taleporia defoliella (41.7% of
the whole community) was the most abundant species fol-
lowed by Psyche crassiorella (31.0%), Taleporia tubulosa
(12.5%) and Anaproutia comitella (12.3%), but only the
last three species were recorded in all stands (Table 3).

Cumulative communities sampled in 2001 and 2013 are
very similar (M-H = 0.933), in terms of Tauleporia defoli-
ella, T. tubulosa, Psyche crassiorella and Anaproutia com-
itella (0.735 < M-H < 0.877). Bankesia conspurcatella,
Canephora unicolor and Luffia lapidella showed a differ-
ent pattern between years (0.363 < M-H < 0.569) and only
accounted for 2.97% in 2013 and 1.94% in 2001 of the cu-
mulative species assemblage. The communities recorded
in 2001 and 2013 were similar (0.586 < M-H < 0.982, two
communities with M-H < 0.825) (Table 4). These results
indicate that there was little variation between the years
sampled allowing us to merge the data collected within a
species/stand matrix that incorporates natural annual varia-
tions in population abundances.

Cluster Analysis grouped communities in three differ-
ent clusters (Fig. 2a). One cluster included stands T 1 and
T 2, with high densities of large trees, high AWB and high
old-growth scores (see Table 2). Another cluster included
four stands, T 3 to T 6, in which beech was dominant
and with intermediate values of large tree density, AWB
and old-growth scores. Last cluster included the most per-
turbed stands with low dominance of beech and low old-
growth scores (Fig. 2a).

Results of the CCA were consistent with those of the
Cluster Analysis confirming the existence of three groups
of communities. Dimension 1 and 2 explained 82.31% and
10.69% of the total inertia, respectively (Fig. 2b). In the
bidimensional space individuated by the first two dimen-
sions, B. conspurcatella and T. defoliella are strictly as-
sociated with stands T 1 and T 2 and P. crassiorella, P.
apiformis and C. unicolor with stands T 8 to T 12. T 1
and T 2 had the best old-growth scores, whilst old-growth
scores of T_8-T 12 were very low (Table 2). Old-growth
was best correlated with dimension 1 (»,=-0.86; p <0.001;
N = 12) and DWB with dimension 2 (r = — 0.51; p = NS;
N=12).
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Correlations of Psychidae with forest variables

Correspondence Analysis indicate that old-growth was
the main determinant of species distribution and commu-
nity composition. Non parametric Spearman Rank Cor-
relation coefficients revealed the forest parameters that
influenced Psychidae communities and individual species
(Table 5). Canephora unicolor, Luffia lapidella and Phala-
cropterix apiformis were excluded from this analysis be-
cause their abundance is lower than 1%. Species richness
and abundance of communities were not significantly cor-
related with forest parameters, unlike Taleporia tubulosa,
Anaproutia comitella and Bankesia conspurcatella.

The two most abundant species differed in their associa-
tion with particular forest attributes. Taleporia defoliella
was positively associated with stands with some of the
features of old-growth forests, and positively correlated
with beech dominance and density of large trees (p < 0.05)
(Table 5). In contrast, Psyche crassiorella was negatively
associated with stands with some of the features of old-
growth forests and significantly negative correlated with
DBH and DBH_SD (p < 0.05).

DISCUSSION

Structural attributes of beech forests, especially those
characteristic of old-growth forests, significantly influ-
enced the distribution of species and composition of Psy-
chidae communities. In fact, old growth forest, measured
using the main parameters of old growth forests (Bauhus et
al., 2009), accounted for most of the variation recorded in
Psychidae communities. Diameter at breast high, its stand-
ard deviation, beech dominance and number of large trees
were the main determinants driving distribution at the spe-
cies level, whilst species richness and total abundance was
not correlated with any individual forest attributes.

Diversity of species is associated to different degrees
with several forest attributes depending on the life his-
tory traits and perception scale of the species. The litera-
ture indicates that diversity measures are useful tools for
exploring present and past ecological dynamics (Usher &
Keiller, 1998; Summerville & Crist, 2003; Summerville et
al., 2009; Blasi et al., 2010; Rosenvald et al., 2011; Negro
et al., 2013). This did not happen for Psychidae as there
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are only a few species and abundance would be a more
useful measure for searching for forest correlates. Abun-
dance in animals is usually associated with an abundance
food as is recorded for birds (Rosenvald et al., 2011) and
saproxilic beetles (Redolfi De Zan et al., 2014). Neverthe-
less, in this study the opposite ecological needs of the two
most abundant species concealed the relationships between
forests and abundance at the community level. At the spe-
cies level abundance of Taleporia defoliella was positively
correlated with forest attributes. Beech dominance, and
number of large trees probably indirectly affect food avail-
ability because it is reported that lichens and mosses, the
main source of food for this species (Héttenschwiler &
Scalercio, 2003), are more abundant in old-growth forests
(Kuusinen & Siitonen, 1998; Botting & Fredeen, 2006).

Psyche crassiorella was also correlated with above men-
tioned forest attributes but rather than positively correlated
as in the case of 7. defoliella it was negatively correlated
with them.

Forest attributes positively correlated with Taleporia
defoliella affect the diversity of other taxa in beech for-
ests (Moning & Miiller, 2009). Among other attributes
the number of large trees is of special interest as they usu-
ally provide microhabitats that enhance forest biodiver-
sity (Michel & Winter, 2008; Fritz & Heilmann-Clausen,
2010), especially that of lichens and bryophytes (Fritz &
Heilmann-Clausen, 2010) on which many species of Psy-
chidae feed. Furthermore, both these attributes are easily
recognizable during a rapid assessment of forest and pro-
vide a quick picture of the extent of old-growth in a given
forest. Taleporia defoliella is also significantly correlated
with beech dominance, but this is probably due only to the
high extent of old-growth in the beech forests sampled, not
to a relationship with this particular species of tree. In fact,
it is also abundant in a mature woodland of Castanea sa-
tiva and Alnus cordata in the same area as the current study
and in other mountainous forested habitats in Calabria,
southern Italy (Scalercio, 2004, 2009). Although not sig-
nificant, a negative association with tree species richness
was recorded for this species. Increase in tree diversity in
monophytic beech forests seems to be a response to moder-
ate environmental perturbations especially at the beginning
of the regeneration process (Barna & Bosela, 2015).

Psyche crassiorella is a widely distributed species occur-
ring in several habitats (Hattenschwiler, 1997). Although it
occurred in all the stands sampled it was particularly abun-
dant in those with little old-growth (Table 4).

Naturally occurring gaps in forest cover are associated
with a higher overall biodiversity (McCarthy, 2001; Get-
zin et al., 2012), due to the creation of microclimatic dis-
continuities mainly in terms of temperatures and light at
soil level. These environmental conditions are favourable
for P. apiformis and C. unicolor, which were associated
with young forests stages in this study (Fig. 2), usually
occurring in open areas and at lower altitudes (Scalercio,
2009). On the other hand, low abundances of 7. defoliella
are associated with these condition as this species occurs
in mature stands and is vulnerable to extensive alterations
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in forest cover. Inappropriate forest management such as
clear cutting and other strategies that modify forests cover
over large areas could have a great effect on this species.
Our data support sustainable forest management based
on selective thinning that promote the formation of small
gaps in forest cover, which are not detrimental to forest
biodiversity (Peck et al., 2005; Wilson et al., 2007). Al-
though Lepidoptera are largely used as ecological indica-
tors of forest habitats (Usher & Keiller, 1998; Summerville
& Crist, 2003; Summerville et al., 2013), and can be used
to describe present and past ecosystem dynamics at dif-
ferent scales (Wilson et al., 2005; Scalercio et al., 2012),
they have never been previously used to investigate the
association of biodiversity with the structural attributes of
forests. This is mainly because of the high dispersal power
of the adults makes investigating patterns at a very small
scale very difficult. Caterpillars have a very low disper-
sal power and are used to explore ecological dynamics at
smaller scales than is possible using adults (Bodner et al.,
2012). Unfortunately, sampling larvae is difficult because
they (1) fall to the ground when disturbed, (2) are active
only during the night resting on the soil in daytime, (3) are
difficult to identify to species level, etc. Natural history of
Psychidae, mainly the persistence of bags at pupation sites
for several weeks or months after adult emergence, and the
lack of feeding specializations of a large proportion of the
species, allowed us to investigate more intimately than for
other lepidopteran taxa their relationships with individual
structural forest attributes.

CONCLUSIONS

In this paper species belonging to the family of Psychidae
were used for the first time in an ecological study that dem-
onstrates they can be used as descriptors of forest habitats.
Relationships of Psychidae communities and species with
forest attributes can be simply summarized in terms of the
significance of old-growth. This study confirmed the im-
portance of old-growth forest attributes for diversity con-
servation for a little studied group, the Psychidae, which
are an important part of forest biodiversity and should not
be neglected in the future. In particular, beech forests in the
Mediterranean mountains are important for the conserva-
tion of regional diversity and there is an increasing need
for forest planning that encompasses the preservation of
attributes associated with old-growth forests, especially
those easily recognizable such as the number of large trees.
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