&953,%: UNIVERSITA
S v 13'”’1 DEGLI STUDI
| “ A]]Lr l O %ﬁ?ﬁﬁ% DI TORINO

AperTO - Archivio Istituzionale Open Access dell'Universita di Torino

Deadwood anisotropic facilitation on seedling establishment after a stand-replacing wildfire in
Aosta Valley (NW Italy)

This is the author's manuscript

Original Citation:

Availability:
This version is available http://hdl.handle.net/2318/129232 since

Published version:
DOI:10.1016/j.ecoleng.2012.12.030
Terms of use:

Open Access

Anyone can freely access the full text of works made available as "Open Access". Works made available
under a Creative Commons license can be used according to the terms and conditions of said license. Use
of all other works requires consent of the right holder (author or publisher) if not exempted from copyright
protection by the applicable law.

(Article begins on next page)

30 September 2024



This Accepted Author Manuscript (AAM) is copyrigdtand published by Elsevier. It is posted here by
agreement between Elsevier and the University oinT@€hanges resulting from the publishing process
- such as editing, corrections, structural fornmgttiand other quality control mechanisms - mayh®ot
reflected in this version of the text. The defwativersion of the text was subsequently published i

Raffaella Marzano, Matteo Garbarino, Enrico MancplMario Pividori, Emanuele Lingua (2013).
Deadwood anisotropic facilitation on seedling els$aiment after a stand-replacing wildfire in Aosta
Valley (NW ltaly). Ecological Engineering, Volume 15 Pages 117-122, February 2013,
http://dx.doi.org/10.1016/j.ecoleng.2012.12.030

You may download, copy and otherwise use the AAMnian-commercial purposes provided that your
license is limited by the following restrictions:

(1) You may use this AAM for non-commercial purp@smly under the terms of the CC-BY-NC-ND
license.

(2) The integrity of the work and identification tife author, copyright owner, and publisher must be
preserved in any copy.

(3) You must attribute this AAM in the following fmat: Creative Commons BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4&6dlen),
http://dx.doi.org/10.1016/j.ecoleng.2012.12.030




Deadwood anisotropic facilitation on seedling establishment after a stand-replacing wildfirein
Aosta Valley (NW ltaly)

Raffaella Marzan®, Matteo Garbarirfy Enrico Marcolifi, Mario Pividori®, Emanuele Lingia

aUniversity of Torino, Department DISAFA, via L. danci, 44, 1-10095 Grugliasco (TO), ltaly;
raffaella.marzano@unito.itpatteo.garbarino@unita. it

b University of Padova, Department TESAF, viale 'tilversita, 16, 1-35020 Legnaro (PD), Italy;
; enrico.marcolin@unipd;imario.pividori@unipd.itemanuele.lingua@unipd.it

*Corresponding author. Tel. +39 0116705552; fax #326705556. E-mail address
raffaella.marzano@unito.it

Abstract

The capacity of a forest ecosystem to recover iotlg major disturbances depends on the
regeneration characteristics of the species andritieonment at the time of establishment, resgiltin
from several interacting biotic and abiotic factofd climatically stressed sites major drivers of
recruitment are the presence of a seed sourcehendviilability of ‘safe sites’ for germination,
particularly in the harsh conditions resulting attestand-replacing wildfire. Post-fire rehabilibet
and restoration treatments can produce a deepgecaldmpact on recruitment processes, acting on
biotic legacies and altering the variety and abuandaf microsites.

Two common post-fire management strategies, sal@ggng and the absence of any post-fire
intervention, were contrasted in a burned areatéocen Aosta Valley (North-Western ltaly) to
identify main environmental variables affecting dleegs and to quantify the effect of shelter
elements on tree recruitment. Our hypothesis isgbst-fire burned wood management may greatly
affect microhabitat suitability for seedling suraivn an dry mountaiRinus sylvestris forest.
Regeneration density five years after the fire w@é low, even though tree species recruitment
started immediately following the disturbance. Biinces in species composition were found among
the investigated treatments. Regeneration densitly diversity were positively associated with
deadwood. An exception was representedPbgulus tremula, regenerating mostly vegetatively,
whose behaviour differed from the other tree sgecound cover conditions contributed to patterns
of seedling occurrence. The strong spatial assoniaif seedlings with deadwood suggests that
deadwood produces microsites that enhance estaddighof regeneration. The relationship between
nurse deadwood elements and regeneration was foumel highly anisotropic, as a consequence of
the higher protection from radiation and reducedtmoisture loss in the shady sides of the shelter
element. In this context post-fire management,@aérly when removing burned wood, should be
implemented with an understanding of its poterttaffect the capacity of the ecosystem to restore,
influencing both directly and indirectly recruitren
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1. Introduction

After a major disturbance natural regeneration mkes$t ecosystems results from the complex
interactions between propagules and site factoozl@ivski, 2002). Numerous scale related biotic
and abiotic factors (Clark et al. 1998, 1999) iaflae current recruitment patterns, playing a nole i

determining future forest structure and composi{Barbeito et al., 2009) by affecting the initially



established tree cohort. The type of regeneraseed or sprouting) directly influences the spatial
pattern of plants (Pardos et al., 2008). The ssfaksstablishment of a seedling depends on several
processes, such as seed viability, dispersal, gatian, the presence of symbiotic organisms (e.g.,
mycorrhizae), mortality factors due to seedlingdateon, competition, and abiotic stress (Nathan and
Muller-Landau, 2000; Castro et al., 2004; Kipferakt 2009), whose impact is usually local and
species-specific (Pardos et al., 2008). Mechanigpesating at small scales may in particular limit
the abundance and performance of seedlings (CalhdsGood, 1987).

Seedling establishment is a key component in pihsiribution patterns (Harper, 1977). After
germination, seedling mortality rates are usualghhtand the probability of long-term survival is
strictly related to the physical habitat surroumgdinseedling (Collins and Good, 1987). Preferential
recruitment is associated with the availability‘sdfe sites’ for germination and is linked to the
regeneration niche concept (Grubb, 1977). Thisarsiqularly evident in climatically stressed sites,
where seedlings establishment is strongly limitgd Harsh conditions. Mature plants, shrubs,
deadwood or rocks can play a positive role in aonaling microsites along with surface
microtopography (Castro et al., 2002; Resler et28l05; Franzese et al., 2009; Beghin et al., 2010;
Legras et al., 2010). Especially in water stredseitéd environment these elements can reduce soill
temperature (shading effect) and wind (less traaspn), and increase relative humidity (Flores and
Jurado, 2003; Castro et al., 2011). Intra- or sgecific facilitation mechanisms and shelteringef$

of abiotic elements are found to be determinaritae seedling establishment and survivorship in
arid environments (Callaway, 2007). In droughtsdesl Mediterranean mountain ecosystems,
already established vegetation has been oftenifidehtis one of the main factor favouring tree
regeneration survival through direct protectioniagfahigh radiation, high temperatures, and high
transpiration rates (e.g. Callaway, 1995, 2007)ed stand-replacing fire, with no mature plamts o
shrubs remaining to facilitate seedling performaatter germination, deadwood, rocks as well as
surface microtopography may be critical to restorapatterns.

An accurate description of early successional dyosmnd the role that microhabitat plays in tree
seedling establishment following a major disturlearmnay be of great importance to clarify
restoration patterns aiding in defining ecologigaltiequate management strategies and silvicultural
practices (Pardos et al., 2008; Legras et al., R(ROst-fire management may greatly affect the
resilience of the ecosystem, influencing recruittiath directly and indirectly (Beghin et al., 2010
Moreira et al., 2012). In this context we implenghtwo different post-fire management treatments
within one large wildfire in the Western Italian p&l (Aosta Valley). Our objectives were (1) to
analyse natural regeneration dynamics in a pasteftvironment characterized by harsh conditions
in terms of solar radiation and water availabilig) to verify the impact of post-fire management
(namely salvage logging) on seedling establishnagut survival. We hypothesized that post-fire
burned wood management would greatly influenceattalability of sites for seedling survival. To
address these issues we conducted an experimeaothl sontrasting two common post-fire
management practices, no intervention and conwvegitisalvage logging (Beghin et al., 2010), to
identify the main environmental variables affectmagurally established seedlings and to quantify
the effect of shelter elements, particularly lyangd standing deadwood, on tree recruitment.

2. Methods

2.1. Sudy site

The study site is located in the Aosta Valley RagidW Italy), within the municipality of Verrayes,

in an area named Bourra (45°46°'21"N, 7°33'16"H)at was severely affected by a stand-replacing
fire in March 2005. The wildfire, which is one die biggest and more severe fire events ever
experienced in the region, burned 257 ha, complaetestroying 160 ha of an almost pufigus
sylvestris stand. A post-fire salvage logging project wasraped in December 2005; salvage logging
operations started during autumn 2007. To conaeste management and non-intervention, one
area salvaged (salvage logging - SL) accordingpéoconventional post-fire management activities
in the Region (Beghin et al. 2010) was compareaghtather one left untouched (passive management



- PM). Both areas have a surface of 5 ha; theyadj@ning and were characterized by similar pre-
fire conditions and total mortality of the previagtand. The altitude of the area ranges betweed 165
m and 1800 m a.s.l. and the slope is facing soitthan average inclination of 25°. The bedrock is
ophiolite and schist and the soils are entisoldl (Bxonomy USDA). The mean annual temperature
is 5.6 °C and the mean annual precipitation is @gprately 750 mm (less than 250 mm from June
to August), with the driest month being Februaninciding with the main peak of the fire season.
The tree vegetation consisted almost solely of el@ven-age®. sylvestris stands, with a sporadic
presence oLarix decidua Miller, Picea abies L. Karst, Quercus pubescens Will., Populus tremula

L., Betula pendula Roth.

2.2. Experimental design and field data collection

Field surveys were conducted in summer 2010 folgviwwo different approaches in order to capture
regeneration patterns at different spatial scadet® @nd microsite). At site-scale we adopted a
complete random design, locating on the groundiglar sample plots with a 6 m radius (about
113 nf). Twenty plots were established within the salehgeea, the remaining in the unsalvaged
area. Given the relative environmental homogengitthe salvaged area, a lower number of plots
(20) was considered sufficient. Site-scale collégiarameters (Table 1) included UTM coordinates
(submetric GPS device), regeneration charactesigBpecies, seed or sprout origin, root collar
diameter - RCD, height, age), and ground covers Tditer was estimated to the nearest 5% and
comprised litter, lying deadwood, bare soil, grass$erbs, shrubs, and gravel. Game damage was
assessed by counting regeneration presenting sfgmewsing. The number of standing dead trees
was also recorded in the unsalvaged area. Regemeeafe was estimated in the field by counting
the terminal bud scars (internodes) along the nséém. Topographic variables (slope, aspect,
elevation) were computed from a DTM (1-m resolutidarived from LIDAR data acquired in June
2011.

At microsite-scale we adopted a matched case-dadesign, where seedlings were actively located
and 20x20 cm quadratic plots (microsites) werereenbn them. Microsites with seedlings (cases)
were then matched with microsites without seedl{egstrols) for comparison. Controls were always
positioned one meter east from their case. Sprogtraegeneration was excluded from this analysis.
Microsite-scale parameters were recorded in 720awiies, representing 360 matched pairs of cases
and controls. Besides collecting the seedling (dspnt) characteristics, as described above, the
parameters that were used to characterize micsositee (1) seedbed type, classified as litterenott
wood, bare soil, grasses, forbs, shrubs, and gré2glpresence and relative position (distance,
azimuth) of standing or lying deadwood elementhinibne meter from the microsite centre; (3)
presence and relative position of rock elementaigmum height 10 cm) within one meter from the
microsite centre. Microsites position was recordeth a submetric GPS device to allow further
monitoring.

2.3. Data analysis

Multivariate statistical analyses (ordination, goowg, and regression methods) were combined to
assess the impact of environmental variables astigpsturbance management on tree regeneration.
A nonparametric group comparison procedure (MRP&3 wsed to test the effects produced by
different post-disturbance management optionsemgpecies composition. The variability of natural
regeneration structure at site-scale (6 variableg) xplots) in relation to management type and
environmental factors (13 variables x 60 plots)o(€al) was analysed through redundancy analysis
(RDA) (Rao, 1964; ter Braak and Prentice, 1988duRelancy analysis is an extension of principal
component analysis and was used to investigateattgbility explained by the explanatory variables
and their correlation with regeneration structuagation. Redundancy analysis was performed using
Canoco® (ter Braak and Smilauer, 1998), while MRRB performed using the PC-ORD statistical
package (McCune and Mefford, 1999). The statistsigihificance of all ordination analyses was
tested by the Monte Carlo permutation method basetd,000 runs with randomized data.



Conditional logistic regression analysis for mattipairs data (Breslow, 1982) was used to relate the
occurrence (case) and absence (control) of seadliogmicrosite variables. The within-pair
differences in all variables were calculated, resglin a constant value of 1 for the responseaide
“seedling occurrence” and a set of new potentigllamatory variables that are the differences
between the case and the control for each matched@ibbons et al., 2008). The probability of
occurrence of a seedling as related to differecése variables characterizing matching microsites
pair is expressed by odds ratio values (OR). Odties (OR = p/(1-p), with p = proportion of an
event, i.e., a seedling present) were calculated¢dsgparing proportions of microsites with and
without seedlings. The conditional logistic regiesswvas performed using the SPSS 17 statistical
package.

3. Results

3.1. Regeneration structure and composition at site-scale

Tree regeneration ranged between 0 and 8319 sgediat, averaging 558 hia(x 242) in passive
management plots, 702 h&+ 355) in salvaged plots. Sprouts accounted @6 and 82 % of the
total regeneration in PM and SL respectively. Téteeated age of the regeneration ranged from 1 to
5 years. Mean diameter and height of sprout-oniggeneration were respectively 0.74 (£0.04) cm
and 49.06 (x2.10) cm. Seedling mean diameter w&gs (@0.05) and mean height was 35.51 (+3.09).
Damage from wild ungulate browsing was observed4d®o of regeneration individuals, thus
affecting height values. No statistically signifitalifferences were foung?test;p < 0.05) among
management types and species. The management nygrgesl as an influential factor only for
seedling species composition (MRPP: T =-2.128,0005). Considering each species separagely,
sylvestris andLarix decidua relative abundances were higher in passive managesites (Table 2).
Most sprouter species, particulaRgpulus tremula, Quercus pubescens andSorbus aria were more
abundant in salvaged plots.

The role of environmental and management factortherstructure of regeneration of tree species
was analysed through direct gradient analysis. Realcy analysis of regeneration structure related
to the examined management options and environinetables is shown in Fig. 1. The first and
second axes accounted for 19.9 and 3.1% of thevatiation, respectively. Density, diversity, and
maximum age of tree seedlings were positively datett to lying and standing deadwood.
Regeneration density of ‘other trees’ (all treecspe excepP. tremula) was weakly and negatively
associated to sites with abundant bare soil, grdwer, and shrub cover at the grourbpulus
tremula density was uncorrelated to ‘other trees’ deraitgt seemed not influenced by the presence
of deadwood.

3.2. Microsite influence on seedling occurrence

Three hundred and sixty matched pairs of micrositiéls and without seedlings were measured in
the salvage logging and the untreated area. Thtecadlar diameter of measured seedlings ranged
from 0.1 to 3.2 cm with a mean of 0.84 cm (+ 0.(&)edling height ranged from 6 to 134 cm with a
mean of 38.57 cm (+ 1.09). The most abundant nmedspecies weninus sylvestris (15%),Salix
caprea (15%), Quercus pubescens (14%), Larix decidua (13%), andPopulus tremula (11%). The
other measured species accounting for 31% of tta aonount of seedlings weBetula pendula,
Sorbus aucuparia, Sorbus aria, Prunus avium, Populus alba, Fraxinus excelsior, Juniperus
communis, andCorylus avellana.

The conditional logistic regression analysis fortchad-pairs on presence-absence of tree seedlings
demonstrated the importance of deadwood as atédiié element (Table 3). Recruitment was highly
associated with specific locations of surroundiegaivood. The proximity of at least one element of
deadwood (stump, log or snag) within 1 m increabedorobability of successful establishment and
survival of tree seedlings. Azimuth locations oédlengs with respect to deadwood were highly
nonuniform {? test; p < 0.05). Seedling regeneration pattera gwidenced a marked anisotropy. In
particular seedlings occurred significantly moreenfthan by chance when deadwood elements were



located on west (odds ratio [OR] = 3.6), south (©R.6), east (OR = 2.5), and north (OR = 1.9)
azimuth quadrants (Table 3). All the other explanavariables (Table 4) used in the model emerged
as not significantly @ > 0.05) affecting the occurrence or absence a&f seedlings. A further
stratification involving separately the matchedrpdata of seedling species did not produce any
significant model. Analysing seedling species datd pooled deadwood presence/absence data
nevertheless revealed a significant and posiive @.58;p < 0.05) influence of deadwood elements
on P. sylvestris seedlings.

4. Discussion

Regeneration density five years after the fire stdldow even though tree species recruitmentsthr
immediately. Resprouts dominated the regenerasigerland higher densities of regenerating stems
were observed in particular f&. tremula. Populus tremula is able to produce both stump sprouts
and root suckers, and this reproductive strategeng effective in maintaining the population under
severe disturbance or stressful condition (Hamletrgl., 2011). Root suckers are specialized in
efficiently and quickly encroaching a wide undergrd space after a high severity disturbance
(Homma et al., 2003). The high production of judesifrom suckering, producing dense clonal
thickets, could balance the high browsing pressuree aspen is a preferred species by ungulates
(Hamberg et al., 2011; de Chantal and Granstron®,7;20Ayking et al., 2011). Browsing of
regeneration was actually rather high, affecting lieight of sprout-origin individuals (data not
shown). Despite the short time since post-firerirgations, management strategies proved to produce
an immediate influence on regeneration species ositipn. Facultative sprouters (eRy.tremula
andQ. pubescens), showing a preference for salvage logged areadjrmed the high resilience of
these species in harsher post-fire conditions duledir main regeneration strategy. On the contrary
obligate seeders, namely those conifer speles/vestris andL. decidua) that were present in the
pre-fire stand, although less abundant in abselutebers, were favoured by leaving deadwood on
site. Regeneration was in fact positively assodiatgh deadwood. Its density and species diversity
were higher when lying and/or standing deadwoocevpeesent. This positive effect proved to be
essential from the first post-fire growing seasmmdemonstrated by a stronger association for older
seedlings (i.e. seedlings established in the haestréy post-fire environment). The removal of dead
or damaged trees by salvage logging strongly resiube availability of biological legacies
(Lindenmayer, 2006). Furthermore salvage harvestmng produce ground disturbance affecting
vegetation development (Macdonald, 2007). The mesef patches of standing dead trees could
moreover favour tree recruitment by providing peérghsites for frugivore birds, potentially
improving species richness in the regeneratiorrli@yeClanahan and Wolfe, 1993; Rost et al., 2009;
Castro et al., 2009).

Ground cover conditions contributed to patternseédling occurrence. Regeneration was most
successful in sites where the amount of bare Igtgl;, gravel or shrub species was reduced. In our
dry site with a water stress condition, even piomeaifer speciesR. sylvestris andL. decidua) did

not thrive on exposed mineral soil in open siteailable in the salvaged area, preferring safe sites
close to deadwood. The facilitative effect of sl&rum tree seedling establishment and survival
commonly seen in dry sites (see Callaway, 200Aptsevident in our site probably because in this
short post-fire period they are both competingcfipbnizing the burned area. We might expect future
evidence of this facilitative role when shrubs aowél be higher, as found in other studies (Castro
et al., 2004; Gomez-Aparicio et al., 2004) andnrolder burned area having similar site conditions
in the same region (Beghin et al., 2010). An exoceptvas represented IB. tremula, the most
abundant species in the regeneration layer, whelsavour differed from the other regenerating tree
species, being uncorrelated to the presence ofwaesat Populus tremula proved to successfully
encroach grass cover dominated sites. The fasttigr@i#?opulus root suckers undoubtedly provided
a competitive advantage for light with the graggefaHomma et al., 2003; Myking et al., 2011).
Similar results were found by Beghin et al. (2000th the sprouting ability of this broadleaved
species providing an explanation for its widesprneaasence in areas characterized by a dominance



of grasses, where reduced germination limited &shabent of tree species dependent on sexual
reproduction.

Analysing regeneration at the microsite level, phebability of a seedling was always higher when
a deadwood element was present. The strong sjpasakiation of tree seedlings with deadwood
suggests that deadwood produces microsites thaneahestablishment of seedlings. The presence
of abiotic shelter elements can potentially prowsdé microsite conditions for recruitment, without
producing competition dynamics with the seedlinysirse objects can enhance both seedling
establishment and survival (Coop and Schoettle92B@sler et al., 2005; Castro et al., 2011). They
can efficiently act as traps for wind-disperseddsesnd provide shading, resulting in reduced
evaporation and higher soil moisture (Flores anadly 2003; Carlucci et al., 2011). With water
being a critical resource in xeric environmentsgnosites where microclimatic conditions help in
conserving water can play a key role for tree segdjrowth and development (Legras et al., 2010).
Several studies have reported reduced growth amivaliof tree species associated with low soil
moisture (e.g. Conard and Radosevich, 1982; Gemraial McPherson, 1999). In our study area,
characterized by low winter temperatures, the beia¢effect of deadwood material could also result
in holding higher soil temperatures during nightjg affecting winter seedling survival, as found by
Castro et al. (2011). The positive anisotropic treteship that we found between seedlings and
deadwood was also evidenced in other harsh enveatstwhere shield effects were produced by
shrubs or live trees (Kitzberger et al., 2000; a@&001; Lingua et al., 2008). In xeric woodlands
direct protection from radiation and the effectslofide on soil water availability are among thenmai
factors facilitating the establishment of regenergtwith seedlings preferentially occurring ondja
sides of the shelter elements (Kitzberger et 8002 Callaway, 2007; Beghin et al., 2010; Castro et
al., 2011), in microsites protected in the sunninesirs. On average, seedlings occurred four times
more often than would be expected under the assompt a random distribution if a deadwood
element was present westward. Besides the shadeet,ein this case the positive anisotropic
relationship is probably also related to seed trapprhe main wind direction in our study site is
east-west, and the live edge of untouched fordstridering east, thus westward deadwood elements
are obstacle that can trap wind-dispersed seedn(feouet al., 2008). In our site only deadwood
showed a positive effect on tree regeneration fnigtidecause rocks were generally small and single,
not providing enough shadow. Seedbed characteriditt not prove to have a significant influence
on seedling establishment/survival at micrositeleRinus sylvestris was the species whose presence
was more correlated with deadwood. Its seedlingkamvn to be dependent on a sufficient water
supply (Hille and den Ouden, 2004), consequentiable soil moisture regime in the initial stages
of recruitment is essential for their surviv@inus sylvestris regeneration is therefore more likely to
have taken advantage of the shelter effect proviledeadwood elements. Despite the facilitative
effect produced by deadwodd, sylvestris regeneration 5 years after the fire was still v&rgrce.
The species has no cone serotiny (Tapias et &@4)20ts winged seeds are typically dispersed by
wind in a period of about 2 or 3 weeks after copering in early spring (Debain et al., 2007), thus
benefitting from spring rains (Debain et al., 2005pbod seed production usually occurs every 4-6
years (Lanner, 1998). Variation in seed producton quality between years is higher in harsh
environments (Karlsson and Orlander, 2000). Conelssaeds oP.sylvestris show a very limited
resistance to fire (Habrouk et al., 1999), thusradtstand-replacing fire the only potential sosifoe
regeneration are unburned edges or green islarespite its pioneer attributes, a difficulty Bf
gylvestris to germinate after fire has been observed (Retara., 2002), together with a limited
capacity of recolonization from the unburned edge tb limited dispersal distances (Vila-Cabrera
et al., 2012). Foreseen changes in fire regimesdwaie (Dale et al., 2001; Cary, 2002; Flannigan
et al., 2005; Westerling et al., 2006) and spedlificin the Mediterranean Basin (Pausas and
Fernandez-Mundz, 2012) will probably increase thénerability of pine stands to fire. The
forthcoming scenario calls for a full understandafigpost-disturbance tree recruitment processes; in
particular, knowledge on severe crown fires’ effeceeds to be further explored (Marzano et al.,
2012). A recent rise in crown fire occurrenceirsylvestris forests at the south-western distribution



limit of the species has already been reported @aet al., 2008; Beghin et al., 201Bjnus
sylvestris stands in dry sites will more likely be affectadth possible vegetation shifts towards
shrublands or mixed resprouter forests (Rodrigal et2004; Vila-Cabrera et al., 2012). Post-fire
rehabilitation and restoration treatments of thesesystems should thus be implemented in the light
of this scenario, acknowledging their potentiahli@r microsites variety and diversity, with possib
implications on the species composition of restdoeests.
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Tablel. Environmental and regeneration variablekided in the ordinations for site-scale analyses

Variable category Code Description Unit Data source
Environmental Slope Slope ° DTM (LIDAR)
Heat Load Index (McCune & :
HLI Grace 2002) - DTM (LIiDAR)
Ground cover diversity
Cover-div (Shannon index applied to Field
ground cover types)
Field
Shrubs Shrub cover % (visually
estimated)
Field
Forbs Forb cover % (visually
estimated)
Field
Grasses Grass cover % (visually
estimated)
Field
Soll Bare soil cover % (visually
estimated)
Field
Gravel Gravel cover % (visually
estimated)
Field
Litter Litter cover % (visually
estimated)
Field
Ly.deadwood  Coarse woody debris cover % (visually
estimated)
St.deadwood  Snag density #ha Field
Salv_age Post fire logging treatment - Nom'”a'
logging variable
No Absence of post fire Nominal
intervention treatment ) variable
Regeneration b Populus _ _tremula # hat Field
structure regeneration density
Regeneration density of all
Other trees tree species exceptP. # hat Field
tremula
RCD-Mean Mean root collar diameter cm Field
RCD-ST dev. Standa_rd deviation of rootCm Field
collar diameter
Age-Max Age of the oldest seedling years Field



Diversity

Tree  species

tree species)

diversity
(Shannon index applied to

Field

Table 2. Mean density (regeneration/ha) and stanelaor (in parentheses) of regeneration at site-
scale, divided by species and management type.

Passive management

Salvage logging

Species
Pinus sylvestris 14.50 (+12.28)
Larix decidua 14.72 (£7.53) 5.06 (+ 5.06)

Populus tremula
Quercus pubescens
Fraxinus excelsior
Betula pendula
Salix caprea

Sorbus aria

Sorbus aucuparia
Juniperus communis

Tot.

387.90 (+238.92)
7.65 (+5.64)
10.02 (+7.82)
7.21 (+4.06)
66.27 (+14.10)
17.63 (+8.05)
27.04 (+9.28)

558 (+ 242)

504.61 (+325.02)
54.91 (+ 30.36)
10.32 (+ 7.11)
72.64 (+ 48.28)
25.00 (+ 16.15)
9.77 (+ 6.73)

702 (+ 355)




Table 3. Results of conditional logistic regressamalysis for 360 matched pairs data (seedlings and
controls) at microsite-scale. The significant expl@ry variables used in the conditional logistic
regression model are expressed in bold. Only vimsaftaving an odds ratio above 1 (i.e. indicating
a higher occurrence of seedlings on a given miterdban what would be expected by chance) are
reported.

Explanatory variable Beta S.E. P-value Odds Ratio 95% confidence interval
for odds ratio

Proximity to

Deadwood_W 1.281 0.279 0.000 3.600 2.084-6.221

Deadwood_S 0.957 0.260 0.000 2.605 1.566-4.334

Deadwood_E 0.937 0.236 0.000 2.553 1.607-4.057

Deadwood_N 0.612 0.254 0.016 1.844 1.122-3.033

Rocks_N 0.608 0.603 0.313 1.837 0.563-5.99

Rocks_W 0.390 0.846 0.645 1.477 0.281-7.753

Rocks S 0.387 0.800 0.628 1.473 0.307-7.064

Table 4. Mean and standard error (in parenthedesypanatory variables used in the conditional
logistic regression model of plots with (cases)without seedlings (controls) at microsite-scale.

With seedling Without seedling
(n = 360) (n = 360)

Explanatory variable

Seedbed (%)

Grasses 29.25 (£1.49) 26.99 (+1.51)
Bare soil 2495 (£1.21) 21.55 (#1.32)
Rotten wood 14.98 (x0.86) 15.99 (£1.16)
Forbs 14.38 (x0.80) 18.09 (x1.06)
Shrubs 14.37 (£1.13) 15.81 (x1.22)
Proximity to (n)

Deadwood_S 0.27 (x0.03) 0.15 (+0.02)
Deadwood N 0.25 (x0.03) 0.16 (x0.03)
Deadwood_E 0.19 (+0.03) 0.11 (+0.02)
Deadwood W 0.19 (x0.03) 0.14 (x0.02)
Rocks_N 0.04 (+0.01) 0.02 (+0.01)
Rocks_E 0.04 (x0.01) 0.01 (x0.01)
Rocks_S 0.02 (+0.01) 0.02 (x0.01)
Rocks W 0.02 (+0.01) 0.02 (+0.01)
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Figure 1. Redundancy analysis (RDA of 60 plots) regeneration structure in relation to
environmental characteristics and management aptosite-scale.

Dashed arrows are the regeneration structure VasigBCD-Mean = average Root Collar Diameter;
RCD-Std.Dev. = standard deviation of Root Collaameter; Diversity = Shannon diversity index;
Populus = density dPopulus tremula; Other trees = density of all tree species exé&eptemula;
Age-Max = maximum seedling age). Full line arrowpresent the “biplot scores of environmental
variables” (St.Deadwood = standing deadwood orsnagDeadwood = lying deadwood; Shrubs =
shrubs cover; Litter = litter cover; Soil = barel sover; Gravel = gravel cover; Grasses = grandseoi
cover; Forbs = non-graminoid herb cover). Triangdlats are management options (No intervention
= absence of post-fire treatment; Salvage loggipgst-fire logging treatment) categorical variables
The species-environment correlation for the firBtARaxis was 63.0.



