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Abstract

The ecological and economic relevance of sweet chestnut (Castanea sativa Mill.) has long been
related to its widespread geographical distribution and multipurpose product potential. In Central
Italy, chestnut management represents a paradigmatic example of the potential conflict between
landowner targets and biodiversity conservation: options for preserving stand-scale biodiversity‘are
not fully considered as current management is based on monospecific, even-aged coppice Stands
and clearcutting on wide areas. Relationships between silvicultural treatment and floristic “diversity
of chestnut coppices are here investigated focusing the attention on rotation length “‘and on‘the role
of thinning. Seven coppice stands were selected in such a way to be of similar size(about 10 ha)
and to cover a wide range of ages and a different number of thinnings. Plot sampling was performed
across the stands and their floristic diversity was compared and analyzed by means of indicators in
order to assess statistical relationships between floristic data and stand Structural attributes. The
achieved results suggest alternative suitable options for managing chestnut coppice stands in order

to enhance biodiversity while maintaining wood production.

Keywords:  Plot sampling, rotation <length, . floristic ~ diversity,  thinning, silviculture.
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Introduction

Biodiversity monitoring is essential to support management decisions in maintaining multiple
forest ecosystem functions at long term (CBD 2001). Under an ecosystem approach, forest
monitoring should not be restricted at the assessment of the traditionally measured features related
to wood production: it should also assess composition, structure and function of forest ecosystems
to provide a Dbetter understanding of the roles of the components of biological diversity. for
supporting the provision of multiple forest ecosystem services (Corona & Marchetti 2007;,Corona
et al. 2011).

A paradigmatic example of the potential conflicts among services is given by the management
of sweet chestnut (Castanea sativa Mill.) stands in Italy, where humans have radically modified and
controlled the distribution of this species over thousands of years and have long known how to
manage it in profitable and diversified ways (e.g. by coppices or orchards),to produce fruit, timber
and other goods, mainly by simplifying natural forest stand composition (Krebs et al. 2004).
Distinctively, sweet chestnut coppices are characterized by fast-growing features useful to produce
a wide range of easily marketable wood assortments for agriculture, constructions, furniture and
leather tanning industries (Angelini et al. 2013):

In ltaly chestnut forests cover an area of'800,000 ha (Gasparini & Tabacchi 2011): 70% of
these are managed as even-aged coppices with release of 30-80 trees per hectare (standards) at the
end of rotation, and the remaining 30% as “orchards for fruit production. The extensive use of
chestnut coppices is justified by landewner benefits: fast growth, short rotation, stumps vitality
preserved by periodic clearcut, resilience to stress factors like forest fires and diseases. On the other
hand, coppices have less recreational and touristic attractiveness than high stands, due to their
higher density andsmaller ‘stem size. Coppice clearcuts, which for sweet chestnut are most often
larger than 5 hectares, amay involve visual and ecological impacts on the landscape (Ciancio et al.
2006), especially in the case of the widest cuts. The domestic production of chestnut wood barely
exceeds 0.9 Mm® per year (63% being represented by timber assortments), while the current annual
increment Of chestnut stands is 5 Mm® (Gasparini & Tabacchi 2011) meaning that the harvested
volume might be significantly increased as claimed by the wood-chain stakeholders (Angelini et al.
2013).

The potential naturalness value of chestnut stands has been recognized by the European
Community Natura 2000 network (EU Council Directive 1992), which has declared both the
chestnut-dominated  forests and the long-established chestnut plantations with semi-natural

undergrowth relevant habitats (9260: Castanea sativa woods) for biodiversity conservation (EC
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2007). In addition, several studies have shown their high ecological importance in supporting a
wide variety of flora and fauna (e.g. Gondard & Romane 2005; Gondard et al. 2006; Pezzi et al.
2011; Guitian et al. 2012; Zlatanov et al. 2013). However, actual actions for preserving stand-scale
biodiversity of chestnut coppices are, to a certain extent, often neglected by forest managers, even
when stands are located within landscapes of recognized naturalistic value and/or designated for
conservation purposes.

Various investigations about biodiversity variations of several taxonomic groups have“been
carried out in coppice stands (e.g. Fuller & Warren 1993; Deconchat & Balent 2001; Joys et al.
2004; Valbuena-Carabafia et al. 2008; Lassauce et al. 2012). Moreover, some fesults aboutthe
correlation between floristic diversity and stand age have been achieved (e.g. Barkham 1992;
Boncina 2000; Mason & MacDonald 2002; Bermudez et al. 2007; Bartha et alw2008; It0 et al.
2012), even focusing on the role of thinning although with contrasting, results /(e.g. Decocq et al.
2004; Lindgren et al. 2006; Cole et al. 2008). Nevertheless, experimental>surveys on relationships
between floristic diversity and dendrometric parameters did not clearly lead to silvicultural options
to forest managers. This calls for clearer guidelines tosassess ‘the potential of chestnut coppice
stands with respect to biodiversity conservation purposes.

Relationships between silvicultural treatment and floristic diversity of chestnut coppices were
here investigated by focusing the attention on the.rotation length and on the role of thinning. Seven
coppice stands in Central Italy with similar,size and site conditions but different age and number of
thinnings were selected. Plot sampling ‘was performed across the stands and their floristic diversity
was compared and analyzed by means of indicators in order to assess statistical relationships
between floristic data and forest, stand attributes. Distinctively, the main objectives of the paper are:
a) to explore correlation of floristic biodiversity with stand structural (dendrometric) parameters; b)
to suggest alternative management options with the aim of promoting biodiversity as well as wood

production.

Study area

The study was carried out on private sweet chestnut coppice stands located on the Sabatini
Mountains (Latium, Central Italy), on smooth volcanic relief (300-700 m a.s.l), 80 km north of
Rome within the municipalities of Bracciano (RM), Oriolo Romano (VT) and Sutri (VT). These
woodlands have a high landscape conservation value and are included within the Regional Natural
Park of Bracciano-Martignano and the European Commission Natura 2000 site network (Figure 1).

The area is rather homogeneous in terms of vegetation (Doronico-Fagion phytosociological
alliance, with ingression of acidophilic elements of the Quercetalia robori-petracae
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phytosociological order), soils (fertile, deep and loose with acid pH, mainly classified as andisols
and identified as “black soil”) and bioclimate (mesomediterranean sub-humid, with mean annual
temperature of 12.8 °C; July as hottest month with an average temperature of 22 °C, and January as
the coldest one with 4.2 °C; annual rainfall ranges between 1250 mm and 1550 mm; summer
drought does not usually occur thanks to the humid air coming from the Tyrrhenian Sea and the
nearby Vico Lake, although a sub-arid period between July and August may occur).

No major natural disturbances, such as forest fires, hurricanes and floods, have been recorded
for many years. On the other hand all the forest stands support a certain level of humansdisturbances
besides wood harvesting, like mushroom picking, fodder collection and very moderate grazing.

The current forest management of the sweet chestnut stands is based on sshert rotation
(commonly, 14-16 years, with a single thinning - not always carried out - @t half of.the rotation age)
in monospecific even-aged stands, clearcut on large areas (around 10. ha, on average), with the
purpose to profitably yield valuable wood assortments (poles and beams). An average of about 200
ha of chestnut coppices are harvested or thinned per year in the' study»area.

The monospecificity of the stands is due either 0 the applied silvicultural practices and to
the environmental conditions (specifically, the volcanic soils where chestnut finds optimal growth

conditions reaching a maximum yield of 15-20wm° hat year?).

Materials and methods

Seven coppice stands were selected insuch a way to be of similar size (about 10 ha) and
cover a wide range of ages. (from 6°t0°22 years) and a different number of thinnings (from 0 to 2)
(Table 1). The boundaries of the stands were drawn from the vectorial information provided by the
local forest management plans. The stands were used as strata for the purposes of statistical
analysis.

Seven circular sampling plots of 10-m radius (about 1 plot every 1.5 ha) were established in
each stand, with the exception of the stands ID 1 and 2 where the number of plots was reduced to
five because ‘of their lower variability concerning dendrometric features. The total number of
sampling. plots was 45. Plots were randomly located in each stand and reached in the field by means
of'a GPS with submetric accuracy.

In each sampling plot the following attributes were measured: diameter at breast height (dbh)
of the live and dead sprouts and of the standards (minimum dbh threshold 1 c¢cm for sweet chestnut
and 5 cm for the other trees species); number of stumps; age of sprouts assessed by a tree corer on
those with mean dbh. The following stand attributes were calculated from raw data: number of
sprouts (live and dead) per hectare; number of standards per hectare; number of stumps per hectare;

5
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basal area of sprouts and standards; mean basal area increment (stand basal area divided by stand
age; Corona 2007).

Floristic surveys were carried out within the sample plots to collect vegetation data according
to scheduled campaigns to cover the whole floristic period (one survey every two weeks on average,
from April to October, for three years). The collected specimens were dried and stored in the
University of Tuscia (ltaly) herbarium. Information about Raunkier life-form (Raunkier 1934),
chorotype (Pignatti 1982) and frequency were recorded for each species. Life-form and chorotype
spectra were calculated for each stand.

Floristic data were processed in order to compare diversity between and within, strata.
Following Mucina et al. (1993) and Blasi et al. (2004) each observed species was assigned to one of
the following phytosociological groups: Fagetalia sylvaticae; Quercetalia” pubescenti-petraeae;
Querco-Fagetea; Quercetea ilicis; Prunetalia spinosae s.l.; grass and“meadow: species; nitrophilous
species; other species.

The following diversity indices were computed: B-diversity nindex; Jaccard and Sgrensen
similarity indices.

B-diversity was calculated using Whittaker’s ‘index (Equation 1):

A=)
where vy is the total number of species recorded in the stand and & = mean of the species richness
within plots of each stand. Because in'this model B-diversity is dimensionless and is quantified in a
manner that is not commensuratewith the measurement of o- and vy-diversities, it has been
calculated also in accordance toyRicotta & Marignani (2007) (Equation 2):

Pe=y—-a (9

Stands were also. compared pairwise by Jaccard (C;) and Sarensen (Cs) similarity indices

(Equations 3 and"4):

a 3)

" @a+b+c)

Ce= (2a +22+c) @

where: a = number of species recorded within plots of both stands; b = number of species recorded

only within plots of the 1% stand; ¢ = number of species recorded only within plots of the 2" stand.
All the stand structural attributes and floristic information (for a total amount of 74

variables) were analyzed by means of correlative statistics and significance tests. Non-parametric

Kruskal-Wallis one-way analysis of variance by ranks was applied to find significant differences of

6
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the analyzed variables among groups of sample plots (Zar 1996), aggregated by different number of
thinnings or by different ages. When a significant difference was found, Mann-Whitney U test with

Bonferroni correction was conducted.

Results

The number of stems ranges from 1942 to 11,445 n ha™*, mainly composed of live sprouts
(1482 to 11,014 n ha*, with a mean dbh ranging from 4 to 16 cm). The highest value of live"Sprouts
density was found in stands recently treated by thinning or clearcutting. The number ofssprouts with
dbh larger than 5 cm ranges from 1373 to 2765 n ha*. Total basal area has a minimumivalue. of
17.54 m* ha* and a maximum value of 41.86 m? ha™l. The number of standards per.hectare ranges
from 36 to 91, with a mean dbh between 24 and 46 cm.

Altogether 165 vascular plant species were found in the study area, with-a mean value of 79
species per stand (Table II). It is a high value if compared with the results ‘'of similar studies carried
out in chestnut stands (Gondard et al. 2001; Gondard & Romane,2005; Gondard et al. 2006).
Among the outstanding species deserve to be mentioned: @) the endemic ones as Digitalis lutea L.
subsp. australis (Ten.) Arcang., Echinops ritro "L.,subsp. siculus (Strobl) Greuter, Pulmonaria
apennina Cristof. & Puppi (Pignatti 1982; Conti.et al. 2005); b) the rare/endangered ones according
to Scoppola (1995) and Conti et al. (1997) as Galanthus nivalis L., Hypericum androsaemum L.,
Iberis umbellata L., Lilium bulbiferum-subsp. croceum (Chaix) Jan and Narcissus poeticus L.
Moreover, eleven species lacking in previous flora studies were found for the first time: one of
these, Rubus scaber Weihe. & Nees, dis of great interest because Pignatti (1982) points out that
information about its presence in. Italy was a mistake.

The richest phytesociolagical group is Querco-Fagetea: about 35% species of the total
belongs to it. Fagetalia- sylvaticae species are present in all the stands, with the highest percentage
in stand ID 3#(24 %) and the lowest in ID 4 (14 %). ID 2 is characterized by a great number of
species of Quercetalia pubescenti-petraeae (almost 20%). Prunetalia s.l. species occur with the
highest frequency in ID 7 (10%). The meadow and pasture species lack in ID 3 as a consequence of
the isolation of this stand from the other. The high value of nitrophilous species in ID 5 and ID 7
(mare than 15%) evidences an higher influence of human disturbance on these stands.

A high percentage of phanerophytes is present in ID 6 (42%) and ID 4 (39%); ID 3, the only
one with no thinning during the considered rotation, has the highest percentage of nano-
phanerophytes. A low value of geophytes is present in ID 2. Therophytes reflect the magnitude of

the disturbance: the high value in ID 5 is related to the execution of two thinnings. Euroasiatic
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species are present in all the stands with values around 60%. Also endemic ones are present in all
the stands, but obviously with very low values (from 0.5 to 4.0%).

Species richness is higher on the youngest stand (ID 7) and decreases when the stands become
older (ID 4 has the lowest value) (Table II).

Pairwise comparison and biodiversity indices showed that ID 2 (five sample plots) has
outliers; consequently, this stand was excluded from further statistical analysis that were applied” to
the remaining 40 sample plots.

Statistically significant relationships (p<0.01; R>0.4) were found: a significant «and positive
association exists between the percentage of Prunetalia s.|. species and the percentage of living
sprouts (with dbh < 5 cm). The percentage of the Querco-Fagetea species as well as.thepercentage
of the Fagetalia species are correlated with the percentage of dead shoots: inuthe first case the
correlation is negative; in the latter it is positive. The percentage of ‘Fagetalia sylvaticae is also
positively correlated with the mean basal area increment. In addition,, the number of thinnings has a
significative and positive correlation both with the percentage of endemic species and with the
percentage of Querco-Fagetea species: for these two correlations Kruskal-Wallis test points out that
plots aggregated by different number of thinnings (0, 1; 2) differ significantly (p<0.01); Mann-
Whitney U test was used to analyze the differences between these groups of plots (Table I1I).

Discussion

Ground vegetation diversity is_a “eritical component of forest ecosystems, typically supporting
the vast majority of total ecosystem<biodiversity. Vegetation communities also play a central role in
the dynamics and functioning ‘of forest ecosystems by influencing long-term successional patterns.
The high number of observed species in the youngest chestnut coppice stands confirms that the
greatest species richness can be found in the first years after coppicing (Mason & MacDonald
2002). Then /nerbaceous species tend to decrease as observed by Bartha et al. (2008) and
Kostantinidis ‘et al. (2008). If disturbances occur frequently, richness decreases because species
intolerant. to “disturbance become locally extinct. If disturbances are too infrequent, richness
decreases, because dominant species occupy resources and eliminate weak competitors. Richness
proves to be higher at intermediate frequencies of disturbance, when conditions favor competitive
species and those that tolerate stand disturbance (Gondard et al. 2006).

In general, initial wvegetation is strongly determined by early successional species
characterized by high growth rate but short life span and large amount of small viable seeds

dispersed over large distances, whereas late successional species have low growth rates but long life
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spans and few larger seeds dispersed over shorter distances and with short viability (Baum et al.
2013).

The intensity of cutting, the size of cutting areas and their temporal distribution, as well as the
severity of natural disturbance are the key factors that account for changes in species composition
and diversity. The variations of the floristic court can be observed also by analyzing the life-form
and chorotype spectra, which show a growth of the coenosis related to a longer time elapsing since
the disturbance (coppicing or thinning). ID 4 and ID 6, which have not been thinned recently,“have
a denser closure of the canopy caused by the greater presence of phanerophytes. Similarly the high
number of nanophanerophytes in ID 3 can be attributed to lack of thinning: the closed canepy and
the evergreen shrub layer in the undisturbed stands make survival possible on/the forest floor only
to shade-tolerant species. In addition, shade-tolerant but disturbance-intolerant ‘species might have
disappeared due to long-term human disturbances. This suggests that<periodical clearcutting would
function as an intermediate frequency disturbance able to prevent dominance of evergreen
understory species and would contribute to maintaining rich speciessabundance in the coppice (Ité
et al. 2012).

The impact of the thinning on floristic ‘diversity is shown by the high presence of
hemicryptophytes and by the low value of geophytes on ID 2. The fact that therophytes are
substituted over time by hemicryptophytes was observed also by Gondard & Romane (2005). The
large number of therophytes in ID 5sconfirm a higher level of disturbance: in this case, two
thinnings.

The analysis of oldest, stands (but' with different number of thinnings - 1D 3, ID 4 and ID 5)
showed that thinning, although “it, constitutes a disturbance (high values of therophytes), has a lower
impact on floristic diversity than coppicing, usually performed with release of a rather low number
of standards (30-40 per hectare on average). The highest magnitude of disturbance in ID 5 and ID 7
is also underlined by, the high frequency of the nitrophilous species which, on the other hand, can
depend on.higher soil fertility.

The positive correlation between the number of Prunetalia species and percentage of live
shoots (in_particular the smaller ones, with dbh < 5 cm) is related with the fact that there are many
smaller shoots when the stand is young and/or disturbed by thinning, creating suitable conditions
for the entrance of light-dependent species. Light conditions depend mainly on the number of
standard trees retained after coppicing (Joys et al. 2004) as well as on previous density and vitality
of the coppice layer (Barkham 1992).

The percentage of Fagetalia sylvaticae species tends to increase when stands become older
without thinning. As the stand ages, there is a higher number of dead sprouts, larger tree stems and

9
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higher basal area, indicating how a forest evolves if left undisturbed: the conditions for hosting
nemoral species increase, a mesophilous micro-climate is created together with a soil with higher
water retention. Moreover, bigger tree stems provide habitats for saproxylic insects that typically
inhabit mature trees, such as endangered cavity-dwelling species. In this case, saproxylic
biodiversity would benefit from these trees (Bouget et al. 2012). Conversely, when coppicing
and/or, to a lesser extent, thinnings interrupt or disturb the stand development process, the species
of Querco-Fagetea can spread.

The full abandonment of chestnut stand cultivation does not automatically induce, higher
plant diversity, and the management intensity modulates the effect on species richness (Guitian, et
al. 2012). However, lower levels of species richness do not mean lower quality of biodiversity
(Boncina 2000).

Implications for chestnut coppices management

Optimal rotation age is a topical decision for multifunctional management of even-aged
stands in order to exploit potential trade-off between the benefits of harvesting for forest owners
and other ecosystem services such as biodiversity conservation. The development of “environment
friendly” silvicultural treatments may be crucCial, to “the preservation of the functional biodiversity
also in sweet chestnut stands.

The investigated stands do not appear seriously at risk either in terms of species richness or
the presence of endemic, rare and endangered ones, despite the fact that short rotation (14-16 years)
and medium-to-high intensity thinning are the common silvicultural practices used so far in the
study area. Moreover, this _practice 1S applied in all conditions, without taking into account the need
to conserve/enhance biodiversity while maintaining/improving wood production. These are the key
elements for the following management proposals.

A 20-227(25) years rotation without thinning should be applied to small coppice stands within
areas of high naturalistic value because it allows the evolution towards a higher quality of floristic
diversity, at least on fertile soils. This management scheme reduces the frequency of disturbance
and the,. impact of coppicing in terms of soil erosion, compaction and rutting. This physical
disturbance could in turn affect floristic assemblages by decreasing the rooting space (Wilpert &
Schaffer 2006), encouraging species adapted to hypoxic conditions in dense soils (Godefroid &
Koedam 2004) and reducing the density and diversity of soil fauna or their biological activity
(Merino et al. 2004). This kind of management is not exceptional in the study area: it is applied in
small landownerships where the limited stand area to be managed (usually less than 3 ha per land
owner) may make thinnings unprofitable.

10
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Otherwise, and especially for sites with low to fair fertility, it could be useful to lengthen the
rotation to 25-30 (35) years and to execute more (2-3) thinnings. Longer rotations and reduced
competition for released trees allow to obtain larger average stem diameter at the end of a rotation
and therefore compensate higher management costs. A gradual reduction of tree density allows a
better soil protection and minimizes the effect of the disturbance on the natural evolution of the
floristic court. Periodical thinnings would function as an intermediate intensity disturbance® to
prevent the dominance of evergreen understory species in the coppice. Moreover, according to
recent research (Spina & Romagnoli 2010), this kind of density management can be, effective in
preventing or reducing the incidence of the ring shake that severely affects the quality of the timber

harvested in this area.

Conclusions

Forest ecosystems have the potential to harbor high levels of,biological diversity, more than
any other terrestrial ecosystem (Lindenmayer & Frankling2002). During the last years, the
continuous loss of biodiversity has led to focus ontosecoesystem management aimed at nature
conservation through the safeguarding of habitat and species. The conservation and, if possible, the
improvement of biodiversity are key-factors: for. a ‘sustainable forest management (Corona et al.
2011), especially in the framework of stand-level forest type approach (Corona et al. 2004; Barbati
et al. 2007; Barbati et al. 2014).

Habitat conditions, such as spatial structure, tree stems density, shade and humidity, and
deadwood profiles change as the coppice ages. These changes impact on biodiversity.

Coppicing may emulate,,to a certain extent, the natural dynamics of the gaps, increasing
species richness. The<size of cutting areas, their temporal distribution, and the severity of
disturbance are the” main influential factors on floristic composition, structure, species diversity and
regeneration. . Taking, into account uniquely species richness allows to evaluate biodiversity
variations _only, from a quantitative point of view (higher richness is often related to disturbance
occurrence). When addressing biodiversity it is important to use an integrated approach with
qualitative _considerations.

This study gives a positive indication about the evolution of forest stands when left
undisturbed. In absence of thinning, the floristic court established after coppicing tends to develop
into homeostatic communities associated with various Fagetalia sylvaticae species, with increase of
geophytes and decrease of therophytes.

Present results provide two management models for managing chestnut coppice stands that
may help to develop guidelines to preserve biodiversity while maintaining wood production.
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The effectiveness of the proposed management systems warrants further investigation under

various geographic, structural and silvicultural conditions.
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Tables

Table I. Characteristics of the surveyed chestnut coppice stands and number of sampling plots.

Stand ID | Area [ha] [ﬁlt;tff] Slope [%] | Exposure | Age [years] | Thinnings pl)\lloc;'s
1 133 430 15 NE 12 0 5
2 128 410 20 SE 14 1 5
3 125 435 0 SW 20 0 7
4 106 420 5 22 1 7
5 9.1 425 10 E 22 > 7
6 8.1 425 5 SE 16 1 7
7 11.2 455 10 SE 5 0 7

18



Downloaded by [Walter Mattioli] at 03:19 26 May 2015

Table 1l. Values of a, B, y diversity, median

and variance for each stand.

Stand 1D 1 2 3 4 5 6 7
Number of species (y diversity) 82 84 80 73 77 74 86
o (mean number of species) 382|398 | 361|346 | 381|350 (401
Median 39 | 39 | 37 | 33| 39| 36 | 4
Variance 2171992 | 65 (133 | 135| 80 | 91
B, 215) 211|221 | 211 | 202 | 211 | 244
R 438 | 442 | 439 | 38.4 | 389 | 39.0 | 458
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Table 11l. Mann-Whitney U test results for Querco-Fagetea species and Endemic species with
respect to the number of thinnings (values with different letters are statistically different atp <

0.05).

Percent of Querco — .
No. of . Percent of Endemic
thinnings Fag(er;ee%i;%ues species (median)
0 41.18 a 1.19a
1 46.06 b 3.08b
2 48.48 b 2.94b
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Figures

Figure 1. Study area and location of the sampled chestnut coppice stands.
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