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Abstract. 1. Dead wood plays a key role in the functioning of forest ecosystems
and is appropriate for conservation purposes and for maintaining biodiversity. In
this context. ‘in mixed silver fir ancient forests of the southern French Alps, the

respective influence of m

anagement status and decay stages were assessed together

with assemblages of saproxylic invertebrates, o

2. Although the structure of the saproxylic insect composition showed a strong
dependence on the different stages of decaying wood, with groups of - species
restricted to.one particular stage, the other part of this structure was only slightly
influenced by the management status,

3. In early successional stages of dead wood that penerate ephemeral habitats suit-
able for specialists, the assernblage of species could locally. become extinet very
quickly. Tn intermediate stages which were colonised by other assemblages of species,
the richniess and abundance of some groups were probably positively correlated with
historical conlinuity at a local scale.

4. In the casé of suitabie long persistent habitats colonised by species with limited
dispersal ability, some old established populations could be temporarily deprived of

their potential habitats, How

ever, the actual populations of mvertebrates have gone

threugh spatio-temporal discontinuities in 4 metapopulational context at the Jund-

scape level.

Key words. Aips, ancient forest. dead wood, ecological persistence, inverte-

brates, silver fir.

lmroduct’ion

Over the last few decades, there has been an increasing recogni-
tion that dead wood resources are critical elements of forest eco-
-Systems. Standing dead trees (SDT) together with coarse woody
debris (CWEY play a crucial role in the biodiversity and [unc-
tiening of forest ecosystems (Harmon o af, 1986; Samueisson
ef o, 1994, A wide range of plants and animals is strongly asso-
ciated with dead wood especially cavity-nesting birds that can
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cotnprise 40% of the forest bird communities {Biondel, 1995:
MecComb & Lindenmuayer, 1999), Saproxylic insects'also Piss
through a part or their biological cycle on dead wood materials
(Dajoz, 1974, 1998: Speight & Wainhouse, 19%9). These fune-
tional groups play an active part in releasing nutrients in the bio-
geochemical ovcles of forest ecosystems (Bormann & Likens,
1994). A decaying substrate is also associaied with nitrogen-fix-
ing bacteria that may contribute 1o soil nitrogen dynamics (Har-
mon ef al., 1986). Furthermare, the decaying wood could he an
important seedbed for regenerating trees, ferns and mosses
{Harmon er ol 1986 Franklin es of, {987 Peterken, 1996
Crifes & Dale, 1997

Tree mortality thus is generally the result of compiex inter-
actions among environmentally stochastic fuctors (Franklin

|arRcHiVUM




2 Guy Lemperiere and Damien Marage

et al.. 1987) such as dmughls, fungal pathogens, fire and

storms. At various stages of tree development, mortality pro- -

cesses are different and lead to a fragmented distribution of
dead wood habitats. Biotic and abiotic disturbances were
more sensitive in the biostalic stage as defined by Koop and
Hilgen (1987) as a mature or full-grown phase, as stem exclu-
sions were rather rare in the innovation and aggradation
stages as mentioned by Oldeman (1998) respectively as a gap
opening constituting the developmental phase, ie. the begin-
ning of an intemnal dynainics of the ecosystem which leads to
a gradual closure of the canopy and later phases of growih
ot aggradation phase. :

These different mortality processes could interact with organ-
isms dependent on dead wood, Tree species, diameter and
decaying stages are faclors that strongly regulate species compo-
sition {Andersson & Hytteborn, 1991; Bull er ai., 1997, Crites &
Dale, 1997; Dajoz, 1998), Forest management, both by clear-
cuiting and selective thinnings could alter and modify the spatial
and temporal availability of dead wood {Kirby er o, 1991, Mc
Carthy & Bailey, 1994; Green & Peterken, 1997}, From an eco-
nomical point of view, snags as breeding material for insects,
capable of infecting living trees might be regarded as depreciat-
ing tanber values. Moreover, in managed forests, snags can be
seen as a threat to public safety (Peterken, 1996). Despite eco-
nomicand safety considerations. the amount of dead wood, par-
ticularly ST, has atiracted attention of forest managers as part
of their interest In maintaining biodiversity within forests man-
aged for timber production (Ammer, 1991). Thus, the mainte-
nance of snags has become an integrated part of forest
management in France. At present, limited ipformation is avail-
able concerning the amount and distribution of SDT in man-
aged and unmanaged forests in France (Koop & Hilgen, 1987,
Schnitzler & Borlea, 1998).

Existing frequency of snag i unmanaged ancient forests was
assessed to provide a benchmark for natural forest conditions.
Undisturbed forest stands may be important for biodiversity
through thelr content of microhabitats or for the long periods
“available for colonisation (Norden & Appelgvist, 20015, The usc
of ecologicat continuity may lead to underestimate the impor-
tance of forest dynamics and dispersal. and to overestimate the
importance of local land use history. Il bioindicators of long-
term habitat persistence are to be used, species with low dispersal
capacity shoutd be chosen.

The aim of this work was to evaluate the respective influence
of habitat condition (i.e. decay stages of dead wood) and forest
management on insect cormunities dependent on dead weod in
ancient silver fir forests which were actually managed or unman-
aged (teserve area). The baselines of owr results showld provide
cuidelines for the local forest managers in mantaining nsect
biodiversity associated with <ead wood.

Material and methods

Study areu

The study was carried out in the Petit Buéch experimental
walershed located in the Hautes-Alpes (France). (44935'N,

6°12°EY, ca. 10 km northwest of Gap (Fig. 1. Covering a
57 km” area, the watershed elevation varies from 960 10 2700 m.
The climate features stem from the AURELHY model of Météo
France (Benichou & Le Breton, 1987} (data from 1961 to 1990).
The mean annual rainfall is 1138 mm and the mean annual tem-
perature value is 5.8 °C. Winters are cold with more than
100 davs of frost and the snow cover usually lasts for ca.
150 days. The watershed lies essentially on a subsiratum from
the Jurassic and Cretaceous periods.

Between 1300 and 1800 m, a silver fir-becch forest has devel-
oped { Fagion sylvaticae; Geranion niodosi - Fugetun syfvaticae)
and is considered as Potential Nawra! Vegetation (Rameau,
1992). The most influential dynamic factors in this forest,
namely landslides, avalanches, diseases and death, windfalls,
and insect ouibreaks lead lo its structural hetcrogeneity.
expressed in a silvatic mosaic {Olderman. 1990), the complex of
distinct paiches in varicus developmental phases (Leibuadgut,
1993; Christensen & Emborg. 1996; Bobiec. 2002).

Sampling methods & design

Threg forest units among a set of six forestry sites were
selected to describe the antounts of SDT: one was harvested -
{Tavanes} and two were unexploiled (Le Chapitre and Ufer-
net} for more than hall a century {Table 1). According to the
land usc history derived from the Napolconian cadastral map

~ {18083, we selected only ancient torests, defined as areas cov-

cred with forests since the [8th century or before (Peier-
ken, 1906},

Management status, developmental phases and decay stages
are three main factors that influence the pattern of {orest insects
(Dajoz. 1998; Jonsell et al., 1998 Spaganno et al., 2001; Maeto
et af., 2002), SDT assessments were conducted as described in
Marage und Lemperiere (2005). Samples were taken exclusively -
in the neutrophilous sitver fir-beech forest as site conditions also
seemmed to have an effect.on SDTs. The data set was obtained.
aver a period of 2 years, Decay stages were assessed using the
phases described by McComb and Lindenmayer (1999} (Fig. 2)
and developmental phases described by Marage and Lempencre
(2003). SDT of cach species tree were recorded on circular
400 mPplots. On each plot, all trees were measuzed. 1F the DBH
»7.5 om (living or dead). The 7.5 ecm threshold was chosen
because it was the minimum diameter for trees recorded in the
French National Forest Inventory. SIYT were sumpled only if
they were at least 2 m tall. For cach snag. height (m) was also
recorded using a dendrometer (Bitterlich relascop). Trees were
considered s SDT, when the photosynthetic capacity was lost
corresponding with 3, 4, § and 6 classes of Thomas (1979). SDTs
were classificd into four classes, 7.5-27.5, 28425, 43-62.5 em,
larger than 62.5 cm at DBH. Derived from the measurement
with the Bitterlich relascop, the volume was estimaled using the
commercial formula as below: i

with Ht = height of the Sndg and £ = diameter at middie-
height.
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Fig. t. Locution of the three study sites in
the Petit Buch watershed, Hautes-Alpes
France: Forests ol Le Chapitre and Ufer-
nets unmanuged. Forest of Tavanel: man-
aged.

Table 1. Sites features, alive and dead velume in silver fir ancient forests of the southern French Alps (volume: mean £ SE. 5 = 48).

Main- Age of Date of Living trees ST volume
Sire Management status Arex (ha) Speties oldest tree last harvest. volume (m* ha™') (k™)
Chapitre Unmanaged {réscr\"c drea) 5] Silver fir 244 1951 510.0 0.30
Ufernet Unmanaged 82 Stlver fir 168 1934 358.3 36.20
Tavanet Managed- . 85 Silver fir 123 . 1998 248.1 14.36

-Standing dead trees basal area {g) was caleulated and a necro-
tic index was compuied as follows: )

joo [Fsor
B ]

with gy, = gofliving and dead frec. i |

Insect populations were sampled using trapping techniques
every week from 1999 to 2061, A total of 20 interception traps
{window traps) where displayed along transects in the three for-
£5is 48 given in Lott and Cyre (1996) with respectively 5 traps in
Ulernct and Le Chapitre and 1§ traps in Tavanet. Transect and
quadrat methods were alse used to determine the density of
other groups of inseets like mount building ants (Hvin. Fornici-
dae) (Boudjena el gl 2006), bark heetles ((_.‘Ql.SodE)-'tidac) and
weevils (Col Curculionidue). :
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Data analvsis

Birect gradicnt analysis [Le. canonical correspondence analy-
sis (CCAY was perforned on the data set fo quantity the rela-
tionships between explanatory variables and the Biunistic table
(18 species x 48 samples). This method sllows the simultaneous
study of complex relations between species, and belween species

and their environment (ter Braak, 1987 @kland, 1996). In this

procedure, & correspondence factor enalysis (CFA) is first car-
ried QU 1o measure the m ultiple correlation ratio (MCR) and 11s
unconstrained form correspondence analysis (CA). CCA is the
mest adeguate ordination methed, in accordance with the data
table structure {ie. unimodal response curves for most of the
species) and because of jts modeliing properties (ter Braak, 1987,
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Fig. 2. Decayving stages of standing dead
trees (SI3T). After Lemperiere ef af.. 2005

Categories

Table 2. Categories of habitat and manage-

Frequency {%)  ment vaniabies.

Habitat variabie
Decay stages of dead wood a. Stage [1
b. Stages 111V
¢ Stages V, VI, VIi
d. Both stage present
Management variable
Management status e. Managed
f. Unmanaged

18.8
354
16.7
292

45

Prodon & Lebreton, [1994). The basic principle of CCA is 1o con-
strain the ordination axes to be linear combinations of explana-
tory variables (Lebreton e af., 1991).

Moreover, the respective and combined influence of habi-
tat conditions (i.e. stages of decay) and management regiines
{i.e. management regime and developmental phases) can be
studied by partial CCA or CCA with variance partitioning
{ter Braak, 1987; Sabaticr ef of, 198%; @kland & Eilertsen,
1994; Qkland, 1999). It allows the statstical removal of the
effect of a predominant factor masking the effects of second-
ary factors which are still of imterest {Yoccoz & Chessel,
1988}, Different combinations of the categorical variables
(Table 2} were used to partition. the variance in different
ways {lL.e. separale and combined effects), based on sample
projcctions in different orthonormal bases (Sabaticr er of.,
1989: Chessel 1997).

Statistical significance of the effect of cach variable or
combination of variables was fested according to a Monte-

Carlo permutation test with 2000 permutations (Thioulotse.

et al., 1997). Moreover, the ratio of total inertia of each sep-
arate CCA to total inertia of unconstrained CA can be con-
sidered as a MCR (in %) (Sabatier er af., 1989). 1t allows
evaluation of the percentage of total faunistic varation
explained by a given variable or combination of variables
{Lebreton ef al., 1991). The ratio-of tolal inertia to the num-
ber of factors (ie. the number of categories of explanatory
qariables), noted £/F. was calculated to compare the explan-
atory power of vanables and combination of vadables with
different numbers of categories.

Multivariate analyses were perfonned in three steps: {3) analy-
sis of the effect of habitat conditions (decay stages of dead
wood), (1) analysis of the effect of forest management, (iii) anal-
vsig of the additive effect of combinations of habitat and man-

agernent variables; {0 obtaim the best multvariate model for
predicting faunistic composition dependent on this ancient for-
est. All e multivariate analyses were performed with ADE-4
software (Thioulouse ef /.. 1997),

Resulis
Effect of decay xrag'ex

The. effect of habital conditions was the most detenminant
factor with highest total mertia (L1001 inertia per factor
(0.250) and MCR (20.8%), both significant at # < (L.001
according o a Monte-Carlo test with 2600 penmutations
(Table 3). As a result, the composition of the saproxylic insect
fauna of these ancient forests could be largely predicied by the
different decay stages only. The entomocenotic sequences were
characterised by an ordination from declining silver firs
subjected to attacks by the fir weevil, Pissodes piceae 11
{Col.Curculbionidae) together with a complex of sccondary
‘pests’ or msects including adults and Rarvae of Oryphafus
piceae Ratz., Pitvokteines curvidens Germar and Pinvokteines
spinidens Reitter, Pityophthorus pityographus Ratz. (Col.Scolyt-
inag), Urocerus gizas L. (Hym. Siricidag). then saproxylopha-
gous insects colonising SDT 5-10 yeurs after the first
colonisation such as the Elateridae specics Melanopus castani-
pes Pavkull and the Eucnemidae species Xyfephifus corticalis
Pavkull and Epiphanis coimirus Eschscholiz and colomies of
the carpenter ant Campanorus ferodeanus on axis 1 On axis

2, from specialists both on stage [ 1o stage VI to morc-ubiqui-

tous species, an overlap of xylophagous and saproxylophagous
Insects feeding on decaying wood with both adult and larval
stages was observed (Fig. 3).
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Table 3. Variance partinening of canonical correspondence analysis and partial canonicy| correspondence analysis {CCA).

i
Elfacts of habitat
Decay stages of dead wood 1.00%
Effects of management status
Management status 0.235
Additive effects of habitat and management
Deeay stages + management 1.230

wE MCR (%) P

0.250 0.208 b
0817 0.048 *
0.205 0.235 L e

Fis rotal inertin of CCA, Fig the number of factors (i.e. the number of calegories per variable). MR is a muitiple correlation ratio mea-
suring the quality of the prediction of sample scores by explanatory variables (% of total vartance explained), it is calculated by the ratio:
totul inertia of CCA/total inertia of unconstrained CA, which is 4.809; P is the significance level according Lo the Monte-Carlo test with

2000 permutations, with *p « QO *¥*¥P < 00] and *=*p « (1.001.

Fig. 3. Sample ordination 0y canonrical
correspondence analysis (CCAY with effect
of the different decay stapes of dead wood,
da = Sage I, 2b = Stage IL-IIL 2¢ =
stages V-1 VIL 2d = mixed stages. Each
circle is focated at the barycenter of samples
CLCHITINgE 10 eich category

Effect of munagemeni stains

The influence of management status on CntOMeCeIIoses was
4.8%. and the mertia for this Mactor was equal to .235, only
significant at P < 005 {Table 3). Managemen! status was less
influential than habitat conditions in explaining species composi-
Hon. Taking inte account the management variables, in our
coittext, was insufficient o allow prediction of the saproxvlic
msect composition of these ancient foress, As insect species have
distinet habitat requirements und oceur in particular decay
stages of dead wood more than others, their response to forest
management was less obvious,

Journal compilation © 2010 The Royal Emomologicai Society

Additive effect of decay stage of deaed wood and
management $taius

Results showed that 25.5%, of variability was explained by
additive effects of the different decay stage of dead wood and
the management status,

Species ordination by CCA of the additive effect of decay
stage of dead wood and management status {Fig. 2) is very close
to that obtained by unconstrained CA. Thus, it indicated that
ancient unmanaged forests that allow the persistence of a sylvatic
mosaic with the initegrity of 3 sitvigenesis cycle contained all the
decay stages of dead wood. In wontrast, the ancient managed

Ne claim to original US government works, fisect Conservarion and Diversiry
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forest was generally characterised by a silvicultural cycle in which
degradation phases were absent. The relationship between man-
agement status and quantity of SDT tested by a one-way anova
was significant at £ < 001 (Fratio = 477, ¢ = 48). SDT
volume had an average of 652 £ 181 m* ha™! in unmanaged
forests as compared to 14.6 + 6,0 m® ha™' in managed forests
(Fig. 4).

Biocenotic sequences according to decay stages and
manigement staius

Records and observations of successional biocenosis on SDT
but also on early stages of infestations have been assessed on sil-
ver fir, Six major stages were identified (Table 4) even though,

the presence of the Fir budworm Choristonesra mmurinana Hbn.
(Lep. Fortricidae) and records of defoliations by this insect with
a limited and localised impact was confirmed in 1999 and 2000
{(stage 1).

In stage M, on declining silver firs, attacks by the fr
weevil, P. picece 11 {Col.Curculionidac), were recorded
together with the below mentioned secondary “pests” includ-
ing adults and larvae of C. piceae Ratz., P curvidens
Germmar and P spinidens Reitter, P, pitvographs Ratz.
(ColScolvtinae), . gigas L. {HymSiricidae). Those insects
were collected in trees belonging to the aggradation and
biostatic stages of both managed und unmanaged forests.
The colenisation and decline of trees took from 12 to
24 months and this rooting process started from the cutside

" of the grees.

Table 4. List of invertebrates sampled on dead wood of managed (M) and unmanaged (L} silver Ar forests.

Stage VII

Species ‘Stage 1 Stages HI-TV Stuges V-VI
Coleoptera
Curcutionidae
Pissodes piceae (M, UY (332)
Scolytinae

SOM, DY (1822
M, Uy (1507
(ML U (1436)
M, U (HI8)

Pitvokieies curvidens E
Plivokremes spinidens
Pitvophthorus pityographus . +
Cryphalus piceae +
Cerambycidae
A nasimnga!'ia dbiv
Anastrangalio senguinolenta
Brachyleotira hvbrida
Clytus lama
Evodinus clathratus
Malorchus minor
Oxyrmirus cursor
Pidania furido
Rhagium bifasciaium
Rhagium inguisitor
Pyrochroidas
Pyrochroa coccinea
Elateridae
Amipeduy erythirogonus
Ampedus melanurus
Ampedus nigrinus
Hypoganus cineius
Melanopus castanipes
Hucnemidae
Xylophilus corricalis
Epiphanis corputus
Carabidae
Curabus quronitens
Cyechrus alteRrudinsg
Pterostichuy eristaius
Hymenaoptera
Siricidae
Urocerus gigas
Formicidae
Forntiea fugubris
Camponotus hereulearis -

+{M, U} (2)

+ 4+ (M, 1) {(30)
+ (M, (5
+(Liy (3)
++HM, (D
+(M, LY (D)
+{M, U3 (5

(1) (2)
(U (3)

ok (ML U (5T
+{U) (4)

ML Y (D

+(U) 2}
+(U) ()}
+ (U (1)
(U (1)
+(U) (1) (U (1
+ (U3 (1)
+{UT N
(L) (5)
=+ (1) (9}
+ {123
: o = (ML (%)
- = = (U (%) :

‘—, absence; +, I--3 individuals; + +, 6-20 individuals; + + +. =21 individuzls.
Numbers of individuals are represented within brackets; *presence of a colony.
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In stages M1 and 1V, adult and larval stages of xvlophagous
and saproxylophagous -insccts feeding on decaying wood
befonged to the families Cerambycidae, Pyrochroidae and Fla-
teridac. Most adults were collected near trees belonging wo the
degradation stage on ST in both managed and unmanaged
forests. . .

in stages V and Vi, saproxylophagous mscets colonised SDT
510 years ufter the tirst colonisation. Elateridae and Euciiemi-
dae were recorded. Colonies of the carpenter ant C. Aereulecniy
were also recorded in large numbers. Those fnsecls were
secorded on trees belonging to the degradation stage on SDYF in
unmanaged forests.

In 2 longer term process. strongly decaying wood (stage V11
on silver fir was observed in the degradation stage of unmanaged
forests om SDT. Tt was found to be 2 suitable overwintering huh-
itat for Carabid beetles when the base of trees was not colonised
by the mount building ant Formica fugubris Zetl, (Hym Formici-
dac) (Lemperiere e of., 2002). '

A major difference in the way dead wood could be
assessed on beech as compared o sibver fir was linked with
the slow rotting process which occured from the heart to the

“outside of the wee. Two stages (stages 11l and IV} were
assessed in the aggradation-and biostatic stages in both man-
aged and unmanaged forests, The "adult Cerambycid specics
Ceranibyy seopolii Fuessiing, Chyus arietis L., Rhagiwun bifas-
ciatunt Fabricius and Rhagion morday Degeer. Saperda sca-
Jaris Looand the adult Elateridae Ampedus  ervthrogoms
Miiller were recorded. In the degradation stage of unmana ged
forests, on the dead parts of old wees like trunk cavities or
dead branches, where the decay was very slow, or on strongly
decaying wood (stage VID, the presence of insects. ke the
protected Cerambycid species Rosalin alping L. or Prioms co-
rarius 1. was recorded. '

Adults of Alusterna wwbacicolor Degeer, Aroniie moschata
L., Pachyiodes cerembveiformis Schrank, Ropalepus insubri-
cus Germar ((;‘of.Ctji"ambycidac} whose larvie developed on

Journal compilation © 2010 The Royal Entomologicul Society

different broadieave trees (Fraxinus excelsior L., Acer pseuds-
Platanus 1.} were also collected on flowering plants in open
areas. . )

Most stages on both Silver fir and Beech were favourable
habitats for many orders like Diptera (families Sciaridaz,
Lonchacidae, Tipulidae,..), Coleoptera (families Bl;;ilrestidac,
Staphylinidae, 1ymexylonidae, Melandryidae) or mycetopha-
gous insects that were not investigated in this slugy.

A strong effect was observed with (he tree species as beech
represented only a small proportion of SI3T in-the study urea. In
the same time, this tree species was hosting the protected long:
horm species R, afping L. (Col.Cerambycidae) which is included
in the red list of the UICN and on the annexes 11 and IV of the
‘Habitat* Diveetive and could then be considered as a prioriy
habitat for conservation.

Discussion
Respeciive influence of management status ond decay stages

Among the explanatory variables considerad in this study, the
most important factor determining biocenosis composition of
ancient forests of the southern French Alps was the decay stage
of dead wood, i.e. the insect hahitat, Although the structure of
the saproxylic insect composition showed a strong dependence
on the different stages of decaying wood, with groups of species
restricled to one particular stage, there was some influence from
forest management status and. other factors not taken into
dccount in our study could eerwinly have influenced ihis bicce-
notic seguence. :

Snags appeared w be relatively abundant in our case
stucy (Marage & Lemperiere, 2005). Many authors observed
that a large reduction of SDT was typical of managed
forests (Andersson & Hytteborn, 1991; Kirby et af., 1991;
Guby & Dobbertin, 1996; Green & Peterken, 1997). Beeause

No claim to oniginal US government works, Tnsecs Conservation and Diversity
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the environmental constraints were almost similar belween
sites, the natural disturbances erased the effects of silvicul-
tural practices. This point supported the significance of (he
degradation stage in the overall structure of the forest eco-
system as mentioned by Leibundgwt (1993) and Peterken
{1996), even if land use and harvest planning history studies
revealed that unmanaged forests were different from man-
aged forests (Lamoisson, 20003,

Farestry implications

One of the uaderlying goals ol our study was to provide mnitial
baseline data regarding forest management i this area. The

management of SDT resources must be considered according to . .

the spatial arrangerent and dynamics of all components of hab-
itats for each species or functional group to provide a continuum
of snag habitat across the Jandscape in a metapopulational con-
text. ‘
Species dependent on temporary substrates (e.g. snag or dead
log) must be able 1o cope with the temporal and spatial gaps that
could occur when individual substrate units were ost. Jonsson
{2000) indicated that CWD could be very common botl: in space

and time in natural forests. 1tis likely that species with fairly low

dispersal ability and/or very special substrate demands have per-
sisted. Presenitly, these species might have problems with increas-
ing temporal and spatial gaps in the availability of dead wood

within managed stands due to mereasing distance between rem-

nant old growth stands.

In the same time. silvicultural practices were beneficial for spe-
cies whose adudts live In open areas on lowering plants as it was
the case for some that were observed (Kaila er al.. 1997). Some
of these insects could be considered as “touristy” (Jonsson et al.,
20685) for which trunks, logs and stumps constitute mating and
egg laying sites for adults and breeding sites Tor larvae. Such
practices also had an impact on the species compaosition of ant
conununities { Lemperiere ef al., 2602).

In our case. the spatial pattern of forests and especially
the neighbourheod of unmanaged and managed sites together
with emvironmental . stochasticity factors (Le. storms} could
fll the temporary gaps and allow the muwintenance of
biodiversity.

Biodiversity implications and consequences

The death of trees ifi a forest could be caused by several abi-
otic factors (pollation, drought stress, unsuitable sites} and/or
biotic factors {presence of pathogens. defoliations, attacks by
barl beefles under biocenotic sequences (Dajoz, 1974; Coudroy,
1984). . :

The presence of different forms of dead wood could he con-
sidered fo be the result of the decay of 4 certain percentage of
trees or parts of trees and meastred in numbers of individuals
per heclare or in volume per hectare as previously mentioned.
This dead wood habitat could then vary in quality or forms and
quantity and has been characterised by a long series of processes

as described by MeComb and Lindenmayer (1999 and Dajor
{1998}, .

For instance, stage I is an carly successional stage of dead
wood. This stage generates an ephemeral habitat which is suit-
able for specialist Curculionids and Scolytids living on silver fir
and most often with one generation per year over 2-3 years in
our case study. When the- habitar becomnes unsuitable, this
assemblage of species which possesses a high dispersal ability
could locally become extinct. . .

The following newly created habitats, stages 111 and 1V
could be considered as intermediate stages which are colonised
by othér assemblages of Cerambycidae and Elateridae species.
In our study case, the richness and-abundance of the studied
groups were probably positively conrelaicd with histerical con-
tinuify at a local scale (Jonsson, 2000). Stages V and VI were
persistent habitats that were colonised by species with limited
dispersal ability excluding social insects. Some old established
poepulations and the generations to comeé couid then be lempo-
rarity deprived of their potential habitats and the necessary
spatio-temporal and functional continuum could be affected in
managed stands. :

However, the actual populations of insects have gone through
spatio-temporal discontinuities in a metapopulationd context at
the landscape level (Jonsson e «f.. 2005 Hanski 1998} without
crucial impact of the distribution of this material on species rich-
f1E88.

The value of dead wood for conservation purposes could
be of great importance as 4 large number of invertchrates are
associated with this material. For mvertebrates; a minimum
volume of SDT ha™! was required for habitat, microhabitat
and species conservation and this volume had to be compati-
ble with the management purposes of the forest. I the value
of SDT and dead wood in general is high for conservation
purposes and for maintaining the hodiversity and accordingly
& minimum volume of SDT per ha is required for habitat
and species conservation, it still has o be estimated in a case
per case strategy.

There are still investigations to be carried our on other major
indicator groups as mentioned carlier in this study and by ditter-
ent authors {Cancela Da Fonseca, 1993} to assess gains and
losses according to the management status. Again it is difficult.
to-estimate the gains and losses of diversity or species richness
because of the restricted number of functional groups we
assessed. However, we could suggest that an appropriate way o
assess and monitor dead wood material (SDT and CWD) and
its associated fauna could be carried out using the network of
trophic levels and species diversity through a complexity index
as developed by Cancela Da Fonseca (1993) for the soil fauna
keeping in mind that as far as the final decay stages were con-
cerned. cenotic levels and thelr specics composition were more
closely related with the fauna of the soil surface {Cancela Da
Fonseca, 1993) defining dead wood as an epigenous orgamc
annex of the soif (Gobat er af., 2003).

In a¢dition fo its biodiversity value, dead wood haus been used

_ as [uel for centuries and still continues to be used by local popu-

lations (e.g. agdals zones in Morocco, where dead wood is still
collected).
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Influence

If Kirby (2001) mentioned thai ‘the more dead wood there is,
the wider its size range and the wider the range of circuinsiances
in which it occurs, the greater are the chanees of it supporiing «

rich invertebrate fauna’. then a local and temporary forest pest -

problem could be considered as 4 potential and optional cundi-
date for maintaining the habitat diversity of this material and its
presenee accepted by forest managers.

tn conservation areas, an integrated forest management could
then be a compromise befween forest pest management ani con-
servation management to maintain and/or restore ecological
processes {decay stages phases) at a farge scale without artifi-
cially creating this material. :

Acknowledgements

-We would like to thank the ‘Office National des Foréts® (France)
for granting permission to sample in their forests and Dr K. Day
for reviewing the English man uscript.

References

Ammer, U, (1991} [Implications ol the results of research on dead
wooed for forestry practice. Forstwissenschafiliches Cenrralhlan,
110. 149-157. :

Andersson, L.1. & Hytieborn, I, (1995 Bryophyres and decaying
wood: a comparison betwesn managed and natural forest. Hol-
arctic Ecology, 14, 121130,

Benichou. P. & Le Breton, (3. (1987) Prise en compie de la tepog-
raphe pour la cartographie des champs pluviométrigues statis-
bques. La Mérdoratogie, 19 25.42. N

Biondel. J.- 119953 Bingdographie. Approcie ff(‘r).’f)gi(fu(‘ et Evolu-

tive. Musson, Paris, .

Bobiec. A. (2002) Living stands and dead wood in the Bialowiezy
Forest: suggestions for restoration management. Forest Eeology
and Monagement, 165, 125 140, :

Bormann. F.H. & Likens. (3 E. (1998Y Parzern and , Process in
Furesied Ecasysien. Springes-Verlag, New York, New Yok,
Boudjema, (., Lemperiere, (3., Deschamps-Cotiin, M. & Mol-
fand. D.G. (2006} Analysis and nonlinear modeling of the
mound-butlding  ant  FPormica lugubwis  spatial  muiti-scale
dynamic in a larch-tree stand of the southern French Alps.

fenlogical Modelfing, 190, 147—158.

ter Braak. C.LF. (1987 The analysis of vegelation-envirorment
relationship by canonical correspondence analysis. Fegetario,
9. 69,77, -

Bull, E.L., Parks. C.G. & Torgersen, T.R. (1997) Frees and Logs
Tmportan: 1o Witdiie in the Interior C olumbia River Basin,
USDA Forest Service Pacific NW Region, Portland, Oregon.

Cancela Da Fonsecx. }. (1991 Community composition: com-
plexity versus diversity. Butlesin Ecelogr, 24, 31-40.-

Chessel, 13, (1997} Grdinarion Sous Contraintes. Documentation

Codela Programmathégue ADE-4, Lyon, France.

“ristensen, M. & Emborg. I. (1996} Biodiversity in natural ver-

sus managed forest " Denmark. Conservation of biological

diversity in temperatc and boreal forest’ ecosystems. Forest

Eeology end Management, 85, 47-31.

Coudroy, 1P (1984} Enchainement biocénotigue dés insectes xy-

—~

lophuges do Sapin {Ahies atha L) en vallée d'Ossau: descrip-

Journal compilation @ 2010 The Royal Entomological Society -

af forest manageinent and habitar on insect communities 9

tion des delix  premiers groupes  despéees.  Documents
D'écologie Pyréndenne HH-18, $7-100.

Crites. 8. & Dale. M.R.T. (1997) Diversity and abundance ol
bryophytes, lichens and fungi in refstion to woody substrate
and” suceessional stage in aspen mixedwood boreal foresis,
Canadlian Jowrnal of Borany, 76, 641 651,

Bajoz, R. (1974) Les insectes xylophages et leur rdle dans la
dégradation du bois mort. Ecologie Forestiere (ed. by P. Pes-
sonl, pp. 257-287. Gauthier-Viilars, Paris. France,

Dajoz, R. {1998} Eeologie des Iusectes Forestiors. Guuthier-Vil-
lars. Paris. France. )

Franklin, J.F.. Shugart, H.H. & Harmon, M.E. (1987) Tree death
as an ecological process. BioSeience. 37, 550-356.

Gobat. F.M., Aragno. M. & Matthey, W. (2003 Le Sol Fivgny
Presses Pdlylcchniques et Universitaires Romandes.

Green, P. & Peterken, G.F. (1997) Variation. in the amount of
dead wood in the woodlands of the Lower Wye Valley UK, in
the refation to the intensity of management. Foresi Ecology and
Management. 98, 229-238.

Guby, NAB. & Dobbertin, M. {1936) Quantitative estimates
of .coarse woody debris und standing dead trees in. selected
Swiss forests. Global Eeology and Bf'r)geograp.fi}; Letters, 3,
327-341.

Hanski, 1. (1998) Metapopulation dynamics. Nanure, 396, 4149,

Harmon, M.E.. Franklin, J.F.. Swanson, F.J.. Sollins, P.. Greg-
ory. 5.V, Lattin, 1.D.. Anderson, N.H., Cline. 5.P.. Aumen.
N.G., Sedell, LR, Lienkaemper, G.W., Cromack, K. & Cum-
mins, K.W. (1986) Ecology of coarse woody debris in temper-
ate ecosystems. Advances in Feologica! Research. 15, 133-302.

Jonsell; M., Weslien, 1. & EHNSTROeM. B. (1998} Substrate
requirements of red-listed saproxylic invertebrates in Sweden.
Biodiversity and Conservation. T, 749--764, . _

Jonsson, B {2000; Availability of coarse woody debris in g
bereal old-growth Picea abies forest, Juurral of Vegetation Sei-
ence, 11, 31256, ' .

lonsson, B.G., Kruys: N. & Ranius. T, (2005} Ecology of species
living on dead wood — lessons for dead wood management.
Silva Fennica, 39, 286309,

Kaila. L., Martikainen, P. & Puntl. P. {1997) Deud trees left
in clear-cuts benefit saproxylic Coleoptera adapted natural
disturbance in boreal forest, Biodiversity and Conservation, G,
18 .

Kirby, P. (2001} Habitar Management jor Favertebrates: 4 Pracii-
cal Handbook, Royal Sociery for Protection of Birds edn, Jom
Conservation Commites, The lodge sandy bedfordshire.

Kirby. K.J., Webster. .. & Anctzak, A (19913 Effscts of forest
management on stand structure and quaniity of fallen dead
wood: some British and Polish examples. Forest Ecolagy and
Maragemenr, 43, 167-174, o

Koop, H. & Hilgen, P. (1987) Forest dynamics and regeneration
mosaic shifts in anexploited beech (Fagus syivatica) stands at
Fontainebleau (France). Foresr Ecofogy and Management, 20,
135-150. .

Lamotsson, A. (20000 -Reconsiimion Historigue et Anaiyse de o
Gestion Foresticre v Bassin Fersunt de Rabou-Chaudun auy
Téme el éme  Sidcles { Haures-Apes). INA-PG. Paris.
France. '

Lebreton, ).D., Sabatier. R.. Banco, G. & Bucou, A.M. (1991
Principal component and correspondence analyses with respect
te instrumental variables: an overview of their role in studies
of structure—activity and fpecies—environment relationships.
Applied Multivariate Analvsis in SAR and Environmesial Studies

No claim to originat US government works, fusect Conservarion and Diversiry




10 Guy Lemperiere and Damien Marage

fed. by J. Devillers and W. Karcher), pp. 85-1i4. Kluwer,
Dordrecht, The Netherlands.

Leibundgut, M. (1993} Ewrepdische Urwitder. Paul Haupt, Berne.

Lemperiere, G., Bourbhon, G., Buray, A, & Franchini, S. {2002}
Etude des populations de fourmis rousses dans cing sites du
bassin deGap-Chaudun (Hautes-Alpes). Revue Forestiere Franc-
aise, 54, 419-428.

Lemperiere, G., Conord, C.. Fleury, S. & Day, K. (2005) 'Dr

" Saproxyl el Mr Pest’: compremis ou conflits potentiels entre
santé de la forét et biodiversité. Eds Tec et Doc Lavoisier.

Loti, D.A. & Eyre, M.D. (1996). Invertebrate Sampling Methods
in Envirenmental Monitoring Surveillance and Conservation
using Invertebrates. EMS Publications edn. Newcastle-upon-
Tyne, UK.

Muaeto, K. Sato, S. & Miyata, H. (2002) Specics diversity of

longicom beetles in humid warm temperate forests: the impact
t forest manugement practices on-old-growth lorest species in
south\xestem Japan. Biediversity cmri Conservarion, b1, 1919-
1837, ) )
Marage, 1. & Lemperiere, G. {2005) The management of snags: a
comparisen in managed and unmanaged ancient forests of the
southern French Alps. dnnaly of Forest Science, 62, 135142
Mo Carthy, B.C. & Bailey, R.R. {1994) Distribution and abun-

dance of coarse woady debris in a managed forest landscape of

the central Appalachians. Canadian Journal of Forest Research,
24, 1317-1328.

McComb, W. & Lmdenmd}en D. (1999) Dying, dead. and down
trees. Maiutaining Biodiversity in Forest Ecosvstems (ed. by
M.L. Hunter). pp. 335_--361. Cambiidge University Press. Cam-
bridge, UK. '

Norden. B. & Appelqvm T. (2001) Conceptual problems of Eco!
logical Continuity and. its bmmdlcdmn Bicdiversity and Con-
servation, 10, 779791

@kland, R.H. (1996) Are ordination and constrajned ordination
alternative or complementary strategies in general ecological
studies? Jowurnal of Vegeration Science, 7, 289-292.

Okland, R.H. (1999) On the variation explained by ordination
and constrained ordination axes. Journal of ifclemmwn éuemv
. 18, 131-136.

Gkland. R.H. & Eilertsen, O. (1994) Canonical correspondence
analysis with _variati()ia.pm‘tirioning: some comments and an
application. Jowrnal of Vegetation Srvience, 3, 117-126.

Olderman, RAA (1990 Forest, Elementy of Syfvology, Springer-
Verlag, Bertin, Germany.

Peterken, G.F. (1996} Nutural Woodland, Ecology and Conserva-

ton in Northern Temperote Regions. Cambridge University

Press, Cambridge, UK.

Prodon, R. & Lebreten, 11D, (1994) Analyses multvariees des
relations” espéees-miliew: structure et interprétation C\'J{ngique,
Vie et Milien, 44, 69-91.

Rameau, LC. {1992} Dynamigue de la végétation & letage mon-
tagnard dans ies Alpéds du sud. Premiére approche des hétraie-
sapinieres. Les applications poessibles ag niveau de la zestion:
Revie Forestiere Francaise, 44, 393413,

Sabatier, R., Lebreton, 1.0 & Chessel. D, (1989} Principal com-
ponent analysis with instrumental vartables as @ ol for model-

ling composition data. Multhvay Dare Analysis (ed. by R

Coppi and S. Bolascol. pp. 341-332. Elsevier, Amsterdam.

Samuelsson, J.. Gustafsson, .. & Ingeldg. T. (1994 Diing and |

Dmd Trees: A Review of Their fnporience for Biodiversity.
Swedish Threatened Species Unit, Uppsala. Sweden.

Schmitzler, A -& Borlea, F. (1998} Lessons from natural forests as
keys (or sustainable management and improvement of naturai-
ness in managed broadleaved forests. Forest Ecology and Moan-
“aggement, 169, 293-303.

Spagarino, C., Pastur. . M & Peri. P.L. {2001) Changes in
Notholagus pumilio forest biodiversity during the [lorgst
management cycle. 1. Insects. Biodiversity um.’ Consersaiiog, H}:;
’107'} '\{]9')

Speight, MR, & Wainhouse, [». (1989) Lcolugj and M’(mar'cmeuf )

-of Forest Insecis. Udr\,ndon Press. ()x “ord, UK.

Thioulouse, 1., Chessel, Dolédec, S & Olivier. LM, {1997)
ADE-4: a2 nm[tmumte analysis and g 1phmdf dis 7!&; soilware.
Stertisties and Computing, 7, 75 83

Thomas, LW, (1979} Wildlife Habitais in Mana"z»d Forests in the,
Blwe Mouniains of Oregon aned; I'Paw’rmomn USDA Toresr Sere
vice Pacific NW Region, Portland. Qregon.

Yoccoz, No- & Chessel, D. L1988} Ovrdination sous mmmnm de

relevés d'avifaune: Hmination deffets dans un plan d'observa-.

tion deux factenrs, Com,lnc Rendus Académie Science, 307, 189
194, . b

Accepted 17 March 20?(} R

Editor: Simon-R. Leather
Associate editor: Donald Quicke

Journal compilation @ 2010 The Royal Entomoelogical Society

No claim to originat US government works, fasect Conservation and Diversity

g



