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An average of 213,000 ha of European forest is affected by fire every year,
with 90% of this area corresponding to Mediterranean countries. The timber of
the burned forests is usually harvested by clearcutting over large areas to be
used mainly as bioenergy. Recent scientific evidence has shown the strong im-
pact that these “salvage logging” practices have on the ecosystem. However,
forest owners and companies largely ignore academic debate, and salvage log-
ging decisions are usually taken for economic, practical  and emotional rea-
sons. We propose a process to connect scientists and practitioners with the
aim of providing evidence-based guidelines to protect biodiversity and ecosys-
tem services, which can be used as a general model. The process involves five
steps: (1) to review the available scientific knowledge on post-fire forest man-
agement; (2)  to synthesize the information to produce a handbook of best
practices in Mediterranean burned forests; (3) to provide a tool to help deci-
sion-making in post-fire management; (4) to actively disseminate this knowl-
edge to the forest sector; and (5) to fill knowledge gaps with new experimen-
tal studies aimed to assess the environmental impact of some of the most fea-
sible management alternatives. The feedback of the forest sector has been ob-
tained along the process, and recommendations for better practices are al-
ready being promoted among forest owners by the administration. We suggest
that similar processes can be conducted in other socio-environmental contexts
to improve the management of disturbed forests and to generalize our knowl-
edge on the topic.

Keywords: Biodiversity, Ecosystem Services, Evidence-based Management, Sal-
vage Logging, Sustainable Logging, Wildfires

Introduction
Salvage logging is a forest operation usu-

ally aimed at providing economic return af-
ter natural or human-induced disturbances
that  produce  damage  and  mortality  to
trees.  Windstorms,  insect  outbreaks,  dis-
ease, droughts, air pollution and fires can
be  important  disturbances  at  a  regional

scale,  while  landslides  and  avalanches  af-
fect  woodlands  more  locally  (Wolf-Crow-
ther et al.  2011).  In many instances, these
events are quickly followed by salvage log-
ging  over  areas  of  variable  extent.  Apart
from economic reasons, other justifications
for cutting damaged forests are adduced.
Among them, reducing fuels  available for
subsequent  fires,  diminishing  the  risk  of
pests  and  pathogens  derived  from  dead
and  dying  trees,  safety  concerns  from
standing  dead  trees,  emotional  or  aes-
thetic reasons related to the vision of the
damaged  forest,  or  contributing  to  the
ecological recovery of the forest, are com-
mon, although their fundamentals may be
incorrect (Lindenmayer et al. 2008).

Post-fire  salvage  logging  is  currently  a
common  practice  in  forests  and  planta-
tions all over the world (Thorn et al. 2018).
In Europe, where an average of 213,000 ha
of  forest  was  affected by  fire  every  year
from 1961 to 2000 (Schelhaas et al. 2003),
this  form  of  forest  harvesting  is  wide-
spread.  However,  the magnitude of  post-
fire  salvage  logging,  in  terms  of  area  af-
fected or biomass extracted, has not been
quantified to date (San-Miguel-Ayanz, pers.
comm.). One can however expect that the
vast  majority  of  post-fire  logging  affects
Mediterranean  woodlands.  In  1980-2018,
100,000 to 1,000,000 ha were burned each

year in five southern countries alone (Por-
tugal,  Spain,  France,  Italy,  and  Greece  –
San-Miguel-Ayanz  et  al.  2019),  and  more
than 90% of  European burned forests are
found  in  Mediterranean-climate  regions
(Schelhaas et al. 2003). Indeed, some stud-
ies show that salvage logging can have out-
standing effects on regional wood harvest-
ing,  specially  following  large  wildfires  of
thousands of hectares (Cervera et al. 2019).
Large scale post-fire salvage logging gener-
ates a sort of “spasmodic forestry”, which
in  certain  years  can  amount  up  to  two-
thirds of the total harvest of a region, and
has  destabilizing  effects  on  the  forest
product sector because its timber products
can saturate the  market  (Lindenmayer  et
al. 2008).

Timber from burned forests is harvested
by  clearcutting  over  large  areas,  so  that
tens or  hundreds  of  hectares can be log-
ged  over  continuous  land  (Pons  &  Rost
2017). Usually, all burned and severely dam-
aged trees are cut down. But often undam-
aged trees within the burned area are also
logged,  although  they  are  important  bio-
logical legacies for forest recovery (Frank-
lin et  al.  2000).  In  the twentieth century,
before  the  spread  of  bioenergy,  the  har-
vesting  of  logs  leaving  branches  on  site
was  likely  the  prevailing  practice  in  the
Mediterranean  Basin.  Depending  on  their
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characteristics,  logs  were  processed  by
sawmills for commercial timber or used for
heating  (Moreira  et  al.  2012),  whereas
branches  remained  mostly  on  site.  How-
ever, in the current century, industrial mo-
bile wood chippers are available.  They al-
low whole trees and remaining canopies to
be chipped, after separating the most con-
venient logs for the sawmill industry. Wood
chips  are  then  exported  and  used  as  a
source of energy for heating or to produce
electricity (Nabuurs et al. 2015). When com-
pared  to  stem-only  harvesting,  this  com-
mon  operation  leaves  little  woody  debris
on site.

Important  concerns  have  arisen  among
the scientific community regarding the ef-
fects that the logging of burned forests is
having  on  ecosystem  recovery  and  biodi-
versity  conservation  (Lindenmayer  et  al.
2008,  Pons & Rost 2017). A common find-
ing of conducted research is the increased
soil compaction and erosion due to forest
operations (Smith et al.  2011,  Slesak et al.
2015,  Malvar  et  al.  2017),  although  ade-
quate  contour  subsoiling  treatments  can
reduce erosion in relation to non-interven-
tion (James & Krumland 2018). The remov-
al of woody debris is another concern, be-
cause of the small quantity that remains af-
ter industrial logging. Yet, woody debris in
burned  forests  provide  carbon  and  nutri-
ent pools for the regenerating ecosystem,
increase  soil  nutrients  available  for  plant
growth,  facilitate microsite  conditions  for
seedling  survival  and  tree  establishment
and are critical habitat for many organisms
(Boulanger  et  al.  2010,  Bros  et  al.  2011,
Marañón-Jiménez & Castro 2013, Vacchiano
et al. 2014). So, the reduction in snags and
charred wood that follows salvage logging
has been associated with worse ecosystem
regeneration capacities (Marañón-Jiménez
et al. 2013). However, the magnitude of im-
pacts depends on the indicators evaluated,
the  biome  studied  and,  especially,  the
forestry practices employed. Nonetheless,
whether we have appropriate information
to decide the best management alternative
for every context is questionable. The pres-
ent  works  aims to  reduce some of  these
knowledge gaps for Mediterranean-climate
forests.

Our  main  objective  was  to  provide  evi-
dence-based guidelines to protect biodiver-
sity  and  ecosystem  services  in  managed
burned  forests.  The  process  followed  to
this aim could be used as a more general
model to connect research and practition-
ers  in  areas  of  natural  resource  manage-
ment. The next sections of the paper will
therefore:  (1)  discuss the evidence of  the
impact of post-fire salvage logging on Me-
diterranean ecosystems; (2) synthesize the
process used to connect scientist and prac-
titioners; (3) present recommendations for
post-fire forest planning and management
at the landscape scale and (4) at the stand
level; (5) point out the need of experimen-
tal  studies  comparing the effects  of  con-
ventional salvage logging, sustainable prac-

tices  and  non-intervention;  (6)  comment
on  future  improvements  in  the  manage-
ment  of  burned  forests,  and  (7)  explore
some ideas as a conclusion.

Evidence of the ecological impact 
of post-fire salvage logging

In  recent  years,  scientific  evidence  has
shown many ecological impacts of logging
on  burned  forests.  To  compile  and  syn-
thetize  current  knowledge,  a  search  was
carried  out  using  different  bibliographic
sources,  including Web  of  Science® (Clari-
vate Analytics),  Google Scholar® and Goo-
gle Search®. The search, conducted in win-
ter-spring  2016,  built  the  foundations  of
the handbook of best forestry practices ex-
plained in the following section. The search
was updated in spring 2018 to prepare this
paper. We used as search keywords combi-
nations  of  the  terms  “fire”,  “wildfire”,
“postfire”,  “post-fire",  "salvage  logging"
and “management”. After filtering for ref-
erences unrelated to the topic, we obtain-
ed 165 relevant publications, most of which
deal  with  the ecological  consequences of
post-fire salvage logging, while others de-
scribe the effects of the fire itself. These in-
clude  scientific  papers,  book  chapters,
books  and  technical  reports.  Ninety  per-
cent  of  them  have  been  published  since
2000. Many publications deal with the re-
generation of vegetation and the response
of biodiversity indicator groups, while oth-
ers focus on soil, erosion, nutrients, ecosys-
tem services and future fire risk.

Most of the 165 publications were studies
that simply compared non-intervention to
a  single  salvage  logging  strategy,  usually
conventional  harvesting.  However,  we
identified 30 studies that compared diverse
wood management strategies. These stud-
ies correspond to only 11 different experi-
ments,  conducted  in  Canada,  Greece,  Is-
rael, Portugal, Spain and United States, be-
cause several experimental areas produced
multiple publications (up to 16 for the Lan-
jarón burned area in Sierra Nevada, Spain –
Leverkus  et  al.  2016).  In  these cases,  the
measures  related  to  the  management  of
woody  debris  included  using  partial  log-
ging  to  retain  snags  or  leaving  non-com-
mercial timber on-site. Twenty-two papers
(corresponding  to  five  different  experi-
ments)  compared  the  effects  of  at  least
three logging intensities (Koivula & Spence
2006,  Castro et al. 2010,  Azeria et al. 2011,
Ritchie et al. 2013), for example 0%, 25-75%
and >75% of trees felled. However, in sev-
eral studies, trees felled in partial  salvage
logging  were  not  harvested,  so  all  the
wood remained in the burned area, an op-
tion  that  is  interesting  from  a  scientific
point of view, but unfeasible in most real
situations since it needs expenditures but
gives no revenues. Another assessed strat-
egy consisted of building piles of debris at
10-m  intervals  and  minimizing  machinery
movement  (Santana  et  al.  2016).  Leaving
piles of branches on the soil surface, would
be a  suitable measure to increase carbon

storage,  at  least  in  the  short  term,  but
might interfere with the recruitment of the
forest stand (Santana et al. 2016).

Part of the publications assessed experi-
mental  treatments  especially  devoted  to
the study, including restoration techniques
like  direct  seeding  (García-Morote  et  al.
2017). However, few studies have analysed
practices designed to reduce the environ-
mental impact of post-fire salvage logging.
Moreover, not all studies conveniently de-
scribed  the  intervention  and  the  magni-
tude of changes produced by salvage log-
ging,  and even fewer  compared different
treatment  intensities,  apart  from the log-
ging  intensities  described  above.  Few  of
them stated whether the interventions had
a commercial goal or could be employed in
commercial forestry (see Rost et al. 2010).
This can be explained by the fact that many
studies are “opportunistic”, insofar as the
opportunity  to  study  the  logging  distur-
bance was taken once it had happened. In
other instances, researchers presumably in-
fluenced the location of  the logged area,
but not the practices used by foresters (Iz-
haki & Adar 1997).

A recent review of post-disturbance stud-
ies, including wildfires and other ecological
disturbances,  showed  that  saproxylic  or-
ganisms are most affected by salvage log-
ging,  whereas  open-habitat  species  in-
crease  in  number  (Thorn  et  al.  2018).  In
general,  publications  have  stressed  the
negative environmental effects of post-fire
salvage logging,  although positive effects
have also been found (Rost et al. 2012b). A
systematic map is available for the effects
of salvage logging on ecosystem services
(Leverkus  et  al.  2018)  but  systematic  re-
views and metanalyses of relevant studies
are still needed to get a global view of the
balance of  the consequences of  different
post-fire management strategies and iden-
tify current gaps of knowledge.

The process towards best 
practices of post-fire salvage 
logging

Academic debate is therefore centred on
the convenience of harvesting burned for-
ests; on whether it should be done or dis-
carded,  but  seldom  on  how  it  should  be
done. Often the conclusions are based on
the  trade-off  between  environmental  im-
pacts  and  economic  benefits.  However,
forest  owners  and  companies  mostly  ig-
nore this debate and the decision to con-
duct salvage logging is usually taken soon
after fire. In addition to economic reasons
for logging, aesthetic or emotional aspects
are fundamental among landowners (Mav-
sar et al. 2012), who often wish to erase the
fire  remnants.  For  example,  after  the
13,000  ha  Alt  Empordà  fire  (Catalonia,
Spain)  in  2012,  several  landowners  ac-
cepted the request  of  companies  for  the
immediate  harvesting  of  burned  pine
forests for free. They wanted to get rid of
burned trees, the memory of the “fire trag-
edy”, and the large amount of deadwood,
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Reducing impacts of logging in burned forests

which is  perceived as dangerous for peo-
ple, promoting insect pests and increasing
fire  hazard  (Pau  Costa  Foundation  2012).
When more than one company were inter-
ested  on,  owners  realized  that  burned
wood could be sold. Indeed, the price paid
to landowners for chipped biomass can be
higher for burned forests, due to the lower
costs of operations in these stands with lit-
tle understorey and to simpler administra-
tive  procedures  (M.  Garfella,  Balma Fore-
stal SLP, pers. comm.).

Instead of  vilifying post-fire  logging  per
se, the approach of our research team has
been to look for potential evidence of best
forestry practices aimed at protecting bio-
diversity  and  services  provided  by  the
ecosystem  in  regeneration.  This  evidence
should be synthesized and made available
in  the  form  of  recommendations  that
should also be tested with specific design
(Tab. 1). Based on the bibliographic review
described in the previous section and feed-
back  from  practitioners,  authorities  and
the forest sector, we produced the “Hand-
book  of  good  practices  in  post-wildfire
management” (hereafter “the Handbook”
– Mauri  &  Pons  2016).  This  first  edition,
available in  Spanish and Catalan versions,
was followed by a second revised edition
including also an English version (available
at  http://anifog.wixsite.com/anifog/blank –
Mauri  &  Pons  2019).  The  Handbook  con-
tains the evidence-based fundamentals of
management,  the  guidelines  and  recom-
mendations for sustainable salvage logging
based  on  the  mentioned  fundamentals,
and a decision-making tool to facilitate de-
cisions depending on the managers’ objec-
tives and on the environmental context.

The Handbook deals with salvage logging
and short-term post-fire restoration in for-
ests of the Mediterranean basin. It is there-
fore focused on the wood harvesting activ-
ities  that  can  be  done  immediately  after
fire and up to three years after. When pos-
sible, priority has been given to studies un-
dertaken  in  forests  in  the  Mediterranean
basin (59% of 165 cited references). When
fundamentals  or  recommendations  are
based  on  studies  carried  out  in  other  re-
gions or biomes, this it is clearly stated. In
these cases, forest managers should care-
fully  consider  the  environmental  and  so-
cioeconomic characteristics of the area be-
fore taking action.

The first part of the Handbook is devoted
to  the  evidence-based  fundamentals  of
management.  They  provide  an  ecological
justification for the technical recommenda-
tions and are also aimed at disseminating
current  knowledge  of  post-fire  Mediter-
ranean forest dynamics. The fundamentals
follow  the  same  structure  as  the  recom-
mendations, in order to easily link both sec-
tions of the Handbook. They include seven
ecosystem objectives and 20 specific  sec-
tions (see under “Post-fire forest planning
and management recommendations at the
stand level”).

The  second  part  is  the  decision-making

tool. It is a flowchart that guides users by
selecting the most convenient forestry rec-
ommendations in each context. First, users
have to choose among four possible main
management  objectives:  forestry  produc-
tion (Fig. 1), biodiversity conservation, gen-
eration of open habitats (Fig. 2) and reduc-
tion of fire risk. Different questions have to
be answered, that can refer to soil vulnera-
bility, fire severity, felling, hauling and har-
vesting  systems,  and  other  management
goals, depending on the selected main ob-
jective.  General  management  guidelines
are  given  regarding  the  management  of
woody  debris,  temporal  planning,  reten-
tion areas and soil  protection. Finally,  the
combination of alternatives chosen by the
user  will  lead  to  numerical  codes  corre-
sponding to more specific technical recom-
mendations that are explained in the third
part of the Handbook.

The  management  recommendations  are
aimed  at  reducing  the  negative  environ-
mental  impacts  of  salvage  logging.  They
are divided into two large blocks:  recom-
mendations  at  landscape  and  at  stand
level.  While this first division was decided
ad hoc, a more detailed distribution of the
recommendations  into  specific  subjects
was decided post hoc, when the amount of
available information was enough to sup-
port a group of recommendations for that
topic.

A draft of the Handbook was sent to aca-
demics  and  practitioners  for  feedback  to
improve the final  version.  The handbooks
in  Catalan and in Spanish were published
online in summer 2016. In February 2017, a
workshop  conducted  with  forest  sector
stakeholders in Catalonia was used to ob-
tain more opinions about the management
recommendations and to test the decision-
making  tool  with  participants.  Finally,  a
second edition (Mauri & Pons 2019), includ-
ing  this  feedback  and  information  from

new  scientific  studies,  was  prepared  and
released in three languages in 2019.

Post-fire forest planning and 
management recommendations at
the landscape scale

Planning  post-fire  logging  needs  a  land-
scape-based  approach  that  covers  the
whole burned area, since different stands
and  ecosystems  are  usually  affected  and
fire perimeters do not match with property
boundaries. Secondly, landscape-level plan-
ning allows management aimed at produc-
ing less fire-prone landscapes (Moreira  et
al.  2012). Thirdly, this scale of planning al-
lows accommodation of the needs of  dif-
ferent  species  for  their  conservation.  The
Handbook gives priority to measures at the
landscape level that deal with the initial en-
vironmental  assessment  of  burned  areas,
the amount,  spatial  distribution and char-
acteristics  of  burned wood retention and
the coordination and compensation of for-
est owners.

The environmental assessment of burned
areas should be done before the first rainy
season,  and  according  to  specific  guide-
lines  (Alloza  et  al.  2014 developed  guide-
lines for Mediterranean-type ecosystems).
The  cited  guidelines  recommend  evaluat-
ing  and  mapping  potential  soil  erosion,
plant regeneration capacity and fire sever-
ity at ground and vegetation levels. Poten-
tial  soil  erosion  is  an  estimation  of  the
amount of soil that can be lost per ha/year
and can be found in adequate cartography
(in Spain, for example, the maps of the In-
ventario  Nacional  de  Erosión  de  Suelos).
Plant  regeneration  capacity  is  assessed
from  plant  reproductive  capacity  and
speed of regeneration according to forest
maps. Fire severity is evaluated by visual in-
spection soon after  fire and according to
coarse  severity  categories  at  soil,  grass,
shrub  and  tree  levels  or  by  fire  severity
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Tab. 1 - Summary of the process conducted to generate ecosystem-friendly practices
of salvage logging in Mediterranean burned forests. The successive steps, in chrono-
logical order, the benefits for practitioners, inputs for the scientific project and deliv-
erables produced are shown in columns. Deliverables #1 to #3 correspond to sections
of the “Handbook of good practices in post-wildfire management” (Mauri  & Pons
2019), mainly devoted to practitioners. Deliverable #5 comprises publications target-
ing academics, practitioners or society as a whole.

Order Step Benefits for the 
practitioner

Inputs for the 
project

Deliverable

1 Review of 
publications

Knowledge made 
accessible

Updated information Fundamentals of 
post-fire ecology and 
management

2 Synthesis Evidence-guided 
actions

Feedback from the 
forest sector

Management 
guidelines

3 Conceptual 
model

Decision support Feasibility 
assessment of 
recommendations

Decision-making tool

4 Dissemination Time saving Connection with the 
real world

Pannels, videos, 
workshops

5 Field tests Evaluation of 
operations

Ecological 
assessment of 
recomendations

Scientific and popular
science publications
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Fig. 1 - Decision-making tool 
for the main objective of 
forestry production in 
forests affected by wildfires. 
This is one of the four flow-
charts for decision support, 
the other three being biodi-
versity conservation, genera-
tion of open habitats and 
reduction of fire risk. The 
combination of answers cho-
sen by the user leads to 
numerical codes correspond-
ing to the technical recom-
mendations that are 
explained in the “Handbook 
of good practices in post-
wildfire management” 
(Mauri & Pons 2019).

Fig. 2 - Decision-making tool 
for the main objective of 
generating open habitats in 
forests affected by wildfires. 
The combination of answers 
chosen by the user leads to 
numerical codes correspond-
ing to the technical recom-
mendations that are 
explained in the “Handbook 
of good practices in post-
wildfire management” 
(Mauri & Pons 2019).
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Reducing impacts of logging in burned forests

maps if available. Management recommen-
dations for salvage logging will  then vary
depending  on  the  values  (low,  medium,
high or very high) attained by these param-
eters  (Alloza  et  al.  2014).  The  higher  the
values,  the  more  environmentally  restric-
tive recommendations will be for the site.
Due  to  its  preventive  nature,  immediate
post-fire environmental assessment should
be compulsory before salvage logging.

The second recommended action for the
whole burned area is to decide the amount
of burned wood to be retained, as standing
dead  trees  or  cut  canopies,  and  its  loca-
tion.  Retaining wood not  only  allows the
preservation  of  organic  biomass  that
would  foster  biodiversity  and  ecosystem
recovery, but it would also imply areas free
of  harvesting  machinery  circulation.  Few
studies exist (see below) about the optimal
amount and spatial distribution of wood to
be left on site after a fire.  The quantities
can be set as an absolute measure (in tons
ha-1 or m3 ha-1), when the amount of coarse
woody debris (CWD) in unmanaged condi-
tions is well known, or otherwise as a rela-
tive amount of the burned wood found af-
ter the fire (in %).  Brown et al. (2003) pro-
posed retaining between 0 and 90 tons of
wood ha-1 according to the forest typology
and management objectives. Another thre-
shold proposed is to retain the amount of
wood equivalent  to  the  quantity  of  CWD
that  occurs  naturally  in  unmanaged  for-
ests,  for  example,  between  9  and  32  m3

ha-1, depending on the forest type, in Me-
diterranean forests of the Apenines in Italy
(Lombardi et al.  2008). For boreal forests
in  eastern  Canada,  preserving  30% of  the
burned trees  at the regional  scale  and at
least  15%  for  individual  burned  areas  has
been proposed (Nappi  et  al.  2011).  Other
studies recommend a minimum of 10% of
burned  tree  retention  (Ginzburg  &  Stein-
berger  2012,  Leverkus et al.  2014).  Unlog-
ged  areas  should  include  the  margins  of
water courses, areas vulnerable to erosion
and burned trees within unburned or light-
ly burned vegetation patches.

The third recommendation deals with the
spatial  distribution  of  the  retained  wood
within the managed land. Most of retained
trees  (90-95%)  should  be  preserved  in
clumps,  since  this  favours  ecosystem ser-
vices such as seed dispersal by vertebrates.
The rest (5-10%) can be scattered trees that
generate structural heterogeneity. We also
propose  conserving  a  variable  extent  of
unlogged areas depending on the burned
area size. For all fire sizes, unlogged areas
should  encompass  a  40  m-wide  strip
around water courses and wetlands, 30-60
m-wide strip  downhill  on the fire  perime-
ter,  areas with  high soil  erosion potential
and with high fire severity on the soil, un-
burned vegetation patches and unburned
litter patches, or groups of 10-20 standing
dead trees if no unburned patches remain.
For fires larger than 10 ha, unlogged areas
should  also  encompass  a  30-60  m-wide
strip uphill  on the fire perimeter,  patches

of standing dead trees of at least 50 × 100
m,  and  south  slopes  with  poor  soils  and
few stones. For fires larger than 100 ha, un-
logged  areas  should  encompass,  in  addi-
tion, patches of standing dead trees of at
least 200 × 200 m, which can be located in
fragile areas or in zones that would anyway
provide marginal economic profits (Nitsch-
ke 2005, Koivula & Spence 2006, Pinzon et
al. 2012).

As a general recommendation, when sal-
vage  logging  is  done  by  whole  tree  har-
vesting, 20% of standing dead trees should
be  preserved  in  logged  areas.  However,
when only logs are harvested,  this  reten-
tion can be replaced by leaving woody de-
bris on site as piles of branches. The reason
is  that  the  canopy  without  leaves  (since
leaves are burned or fall down after fire),
amounts to around 20% of the tree biomass
in  Mediterranean  forests  (CREAF  1997).
Therefore,  conserving branches  on site  is
similar, in terms of woody debris biomass,
to  retaining  20%  of  the  burned  trees.
Branches  can  be  conserved  scattered  or
piled up.  Both have benefits  for biodiver-
sity, although the benefited species can be
different (Herrando et al. 2009,  Bros et al.
2011),  with piles providing important shel-
ter for vertebrates and concentrating the
ecological  services  they offer  (Rost  et  al.
2010,  2012a).  On  the  other  hand,  manual
pile building increases economic costs (Ca-
stillo-Escrivà et al. 2019) and this has to be
taken into account in decision-making pro-
cesses. Mechanical pile building is a cheap-
er option when pile structure is not an is-
sue (M. Garfella, Balma Forestal SLP, pers.
comm.).

These actions should be planned for the
whole  burned area  and  are  described re-
gardless of land ownership. When a fire en-
compasses several  tenants,  the forest au-
thorities  may  assume  the  role  of  forest
planner and coordinate the affected forest
owners  to  reach  an  agreement  between
them in order to implement these actions.
Examples of this procedure involve munici-
pal  and  county  councils  in  Catalonia.  The
benefits  can  then  be  distributed  among
landowners participating in the plan based
on  the  amount  of  land  owned  and  man-
aged, so that those who will assume higher
wood retention  on their  plots  would  not
retrieve fewer economic benefits from sal-
vage  logging  (D.  Meya,  Generalitat  de
Catalunya, pers. comm.).

Post-fire forest planning and 
management recommendations at
the stand level

Once post-fire  environmental  evaluation
has been performed and the amount and
location of the retained burned wood have
been decided, it is time to focus on plan-
ning and management at the stand level.
The Handbook identifies seven “ecosystem
objectives”  that  are  meaningful  at  the
stand level:  (i)  to foster the regeneration
of  plant  cover  by  accelerating vegetation
recovery, also to resume wood production

(this will indirectly benefit soil conservation
– Slesak et al. 2015 – and speed up the re-
turn of organisms and ecosystem services);
(ii) to reduce the soil erosion that can fol-
low  wildfire  and  salvage  logging;  (iii)  to
preserve soil  fertility after fire and during
logging operations by conserving the soil
nutrients found in the form of ashes and
organic  matter;  (iv)  to  conserve  inverte-
brate fauna and recover the conditions for
recolonization; (v)  to conserve vertebrate
fauna,  both  to  preserve  resilient  verte-
brates  and promote short-  and long-term
recolonization;  (vi)  to  reduce  the  risk  of
subsequent high-intensity fires; and (vii) to
preserve the quality of water courses and
riverine habitats.

Forest  managers  and  forest  owners
should  decide  which  ecosystem  objective
they want to prioritize when planning sal-
vage  logging.  If  two  were  chosen,  Hand-
book  users  should  look  for  coincident,
complementary  and  contradictory  recom-
mendations  among objectives.  Coincident
and complementary recommendations are
the  best  supported  practices.  For  contra-
dictory recommendations, the user has to
choose one of  them or  a middle ground.
One example is the recommended amount
and  distribution  of  woody  debris,  much
larger  and  aggregate  when  focusing  on
vertebrate conservation than when the ac-
cent is on fire risk prevention. In the Hand-
book, the recommendations for each one
of these ecosystem objectives are divided,
when enough information is available, into
a general section (recommendations appli-
cable to any condition of  a  given ecosys-
tem  objective)  and  one  or  more  specific
sections,  corresponding  to  vegetation
types (for ecosystem objectives i to iii), ani-
mal groups of interest (for ecosystem ob-
jectives  iv  and  v),  no  specific  section  (in
ecosystem objective vi) and a combination
of  vegetation  types  and  soil  restoration
(for  ecosystem  objective  vii).  The  total
number of sections (i.e., sheets of recom-
mendations for best practices) is 20 (Tab.
2).

In order to ease the consultation by prac-
titioners, and when information was avail-
able,  the  recommendations  have  been
grouped  within  each  of  the  20  sections.
Grouping  included  specific  forestry  activi-
ties  and  environmental  or  management
variables  at  the  stand  level:  whole-tree
harvesting,  stem-only  harvesting  (with  or
without  on-site  tree  processing),  tree
felling  without  timber  extraction,  felling
timing,  felling  location,  felling  intensity,
hauling system, weather conditions before
and during logging,  stand slope,  livestock
breeding, site preparation in case of tree or
shrub planting, and other specific forestry
activities.

The  selection  of  the  most  appropriate
recommendations for best practices is fa-
cilitated  by  the  decision-making  tool  ex-
plained  under  “The  path  towards  best
practices of post-fire salvage logging”. As
mentioned,  this  tool  guides  the  manager
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through a series of questions and leads to
recommendations  at  the  stand  and  land-
scape  levels.  Questions  related  to  timing
are  based  on  the  supposition  that  fires
happen during summer, currently the most
common case in the Mediterranean Basin.
To  reduce  soil  erosion  during  operations,
we  recommend  waiting  one  year  before
entering  with  machinery  in  the  burned
area, or at least until the end of the rainy
season, which is more realistic for the har-
vesting  economic  viability  (the  wood  will
gradually worsen its technological proper-
ties and loose economical  value).  Waiting
time can be increased from 4 to 12 months,
depending  on  potential  soil  erosion  (at
least 4 months for low, 8 months for me-
dium and 12 months for high potential soil
erosion.  Moreover,  the  felling  operations
can affect tree regeneration when they in-
teract  with  mast  years  and  germination,
due to mechanical injuries to seedlings and
saplings (Ascoli et al. 2013).

Although wildfire  is  not  a reason  per se
for modifying the forest management ob-
jectives of a property, managers and forest
owners may consider the accidental  habi-
tat alteration as a potential opportunity to
achieve  new  goals.  These can  include re-
storing  degraded  ecosystems,  controlling
invasive species or favouring natural vege-
tation that is better adapted to future cli-
matic conditions (Leverkus et al. 2019). An
interesting option is to take advantage of
vegetation  removal  to  create  open  habi-
tats  in  afforested  and  fire-prone  land-

scapes to benefit both fire prevention and
biodiversity  conservation  (Regos  et  al.
2018). This possibility is also addressed as a
specific objective (generation of open habi-
tats) in the decision-making tool.

Experimental testing of 
recommendations

Management  recommendations  are  of-
ten  based on general  forest  ecology  and
management  knowledge.  In  other  in-
stances, recommendations arise from stud-
ies  conducted under specific  environmen-
tal conditions and forestry practices after
fire. For this  reason,  it is necessary to as-
sess the environmental  impact and wood
production of,  at  least,  the most feasible
commended  forest  operations.  The  next
step in the process towards best practices
of  salvage  logging  was,  therefore,  to  ex-
perimentally  evaluate  specific  manage-
ment alternatives (explained below) from
the Handbook. These alternatives differed
in logging intensity, type and weight of the
machinery used,  restrictions to machinery
movement, type of harvesting, and quan-
tity and spatial distribution of the retained
wood.  The  treatments  that  are  being
tested and compared are: non-intervention
(NI), sustainable logging (SL, using recom-
mendations from the Handbook), and con-
ventional  salvage  logging  (CL).  The  re-
gional  impact  of  sustainable  logging  de-
pends on its feasibility in terms of technical
choices and economic viability. For this rea-
son,  it  is  important  that  both sustainable

and conventional logging stands are used
not  only  for  the  experiment  but  also  for
commercial/industrial purposes.

The study is being conducted in a stone
pine  Pinus pinea forest,  with a subcanopy
of cork oaks  Quercus suber,  affected by a
31-ha wildfire in July 2016. The studied area
comprises  12  plots,  0.7  to  3.1  ha  in  size,
with experimental treatments interspersed
among the plots (Fig. 3). An additional 0.6-
ha  plot  in  a  high  slope  area  (with  a  26%
slope) was logged as in SL plots, but there
was  no  harvesting:  felled  logs  were  ar-
ranged  as  erosion  barriers  and  branches
were piled up over the logs.

Five NI plots were established. They con-
tained  an  average of  76  m3 ha-1 of  snags
and debris and 35 m3 ha-1 of live trees. No
logging,  understory  thinning  or  stock
breeding took place in these plots. Four SL
plots provided 55 m3 ha-1 of wood, 63% of
the  existing  wood  volume  (Fig.  3)  using
management  recommendations  from  the
handbook. Tree felling was done manually
with  chainsaws  eight  months  after  fire.
Parallel  logging trails,  3-m wide and sepa-
rated from each other by 15  m, were de-
fined after cutting the burned understory,
so  that  the  machinery  could  only  move
through these trails and not trample on the
whole plot. Harvesting was stem only, the
canopies from the felled trees were cut off,
branches cut to a maximum length of 3 m
and left on site as piles of branches. Piles
were distributed rather evenly at a density
of 54 piles ha-1 and had an average area of
9.4 m2 and height of 0.97 m (N = 237 piles).
Additional wood retention was achieved by
preserving  all  cork  oaks  that  were  re-
sprouting from branches at the time of log-
ging and all pines that had at least 50% of
green  canopy  and  were  likely  to  survive.
No retention of  standing  dead  trees  was
applied due to the relatively small  size of
interventions.  Suspended  hauling  was
used,  logs  being  forwarded  with  a  self-
loading  trailer  pulled  by  a  forest  tractor.
This  set  was  light,  weighing  12.7  t  on  8
wheels at a maximum load of 6 t of timber.
Ground skidding was scarcely used, only in
steeper  places  that  the tractor  could  not
reach.  Harvested  logs  were  intended  for
sawmill,  biomass  or  firewood  depending
on  their  characteristics.  Finally,  three  CL
plots were established,  where trees were
felled  with  chainsaws eighteen month af-
ter fire. Whole-tree harvesting was applied,
with  no  tree  retention  apart  from  living
trees,  i.e.,  cork  oaks  resprouting  from
branches and pines having more than half
green  canopy.  The  harvested  wood  in
these plots was 96 m3 ha-1, 91% of the exist-
ing volume (Fig. 3). After felling of trees, a
forwarder and a caterpillar with a grapple
were  used  for  hauling.  Both  machines
freely moved around the stand. Trees were
stored  on  the  road  close  to  the  plots,
chipped three months later and the result-
ing biomass was transported to the forest
company.

We are currently monitoring indicators of

365 iForest 13: 360-368

Tab. 2 - Number of recommendations at the stand level to be considered when plan-
ning salvage logging, per ecosystem services provided and specific habitat/biodiver-
sity sections.

Ecosystem service Specific section Number of 
recommendations

Foster the regeneration 
of plant cover

General recommendations 11

Serotinous pines 7

Non-serotinous pines 5

Holm and deciduous oaks 8

Cork oak 10

Understory vegetation 1

Conversion towards open habitats 17

Reduce soil erosion General recommendations 12

Pine forests 2

Eucalyptus plantations 2

Preserve soil fertility General recommendations 10

Eucalyptus plantations 2

Conserve invertebrate 
fauna

Soil and litter fauna 9

Saproxylic fauna and bark beetles 8

Conserve vertebrate 
fauna

Birds 8

Mammals 12

Amphibians and reptiles 7

Reduce the risk of 
subsequent fires

General recommendations 10

Preserve the quality of 
water courses and 
riverine habitats

Riparian forests and streams 10

Erosion control works near water 
courses

10
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soil compaction, erosion and fertility, wood
biomass,  tree  condition  and  decay,  plant
regeneration,  ant, beetle and spider com-
munities, bird and mammal occupancy pat-
terns and acorn removal by rodents in the
study area (see Tab.  S1  in Supplementary
material for an expanded list of indicators
used). Data obtained will be analysed with
the main aim of comparing the results be-
tween the three experimental  treatments
and,  when  possible,  between  micro-sites.
These  include  the  comparison  of  open
ground, under shrubs and under piles for
the  arthropod  communities  and  for  seed
dispersal. For the monitoring of soil physi-
cal characteristics and plant regeneration,
machinery  tracks  and sites  outside  tracks
will  be  compared (see  Tab.  S2  in  Supple-
mentary material). The temporal scale will
consider not only interannual environmen-
tal variability, but also differences in dates
of logging (2017 in SL  vs. 2018 in CL) and
longer-term processes like the fall of dead
trees and decay of branch piles.

Results and future prospects
An  important  conclusion  of  the  review

we  conducted  is  that  most  studies  only
compare  conventional  post-fire  salvage
logging with non-intervention, and seldom
with  a  third  treatment  consisting  of  con-
ventional  logging without timber harvest-
ing.  Studies  analysing  post-fire  logging
practices designed to reduce their environ-
mental  impact  and  that  could  be  viable
from  a  commercial  perspective  are  rare
(Koivula & Schmiegelow 2007, Ritchie et al.
2013,  Santana  et  al.  2016).  These  studies
are fundamental to provide evidence for al-

ternatives to the classical debate between
conventional  salvage  logging  and  non-in-
tervention. A further step would be to pro-
duce  systematic  reviews  and  meta-analy-
ses of relevant studies to get a global view
of  the  consequences  of  alternative  post-
fire  management  strategies  and  identify
knowledge  gaps  (Leverkus  et  al.  2018).
Likewise,  a  greater  involvement of  forest
stakeholders  in  producing  guidelines  for
post-fire  management  and  restoration  is
fundamental  for proposing viable options
for the sector (Mavsar et al. 2012).

Due to current knowledge gaps, the evi-
dence  behind  some  recommendations  of
the Handbook may still be weak. However,
the urgency to reduce the impact of  cur-
rent practices justifies, in our opinion, rec-
ommending  less  impacting  interventions
even  if  they  have  not  been  assessed  in
each  region.  The  experimental  study  we
are conducting is therefore convenient. It
will  provide  a  comparative  evaluation  of
the ecological impact of non-intervention,
sustainable  logging  and  conventional  sal-
vage logging on a recently burned pine for-
est. Although the study is based on a single
area and forest type, the strengths are the
replicated  experiment  with  interspersed
treatments,  the  monitoring  of  multiple
ecological  indicators,  and the  assessment
of  treatments  intended  to  be  usable  by
managers. Detailed information of the for-
est operations has also been gathered to
perform  a  basic  economic  assessment  of
each  management  option.  However,  the
lack of replicated burned areas prevents a
general economic evaluation, where stand
area, forest type, timber volume, operation

costs, carbon footprint, etc. are taken into
account.  The inclusion of additional study
areas will be necessary to generalise the re-
sults  and  to  conduct  proper  economic
studies.

A further aim of the experimental study is
to provide simplified methods and indica-
tors for environmental assessment before
and  after  logging.  To  this  end,  we  will
count on a 1- to 4-year evaluation of around
70  ecosystem  indicator  variables  of  soil,
dead  wood,  vegetation,  animal  biodiver-
sity, and seed predation and dispersal (Tab.
S1  in  Supplementary  material).  The  10-20
most informative and easy-to-measure vari-
ables will be selected and guidelines will be
provided for their monitoring by practition-
ers.

Apart  from  the  usual  academic  outputs
consisting of scientific papers and commu-
nications,  results  are  being  spread  by
means of panels located in the experimen-
tal areas, videos and workshops in the field
with stakeholders. More importantly, some
recommendations from the handbook are
already being promoted among landown-
ers by the forest administration in Catalo-
nia (Martin 2019). These recommendations
include: (i) allowing two months after fire
before  logging  starts  for  management
planning and to avoid the highest erosion
risk;  (ii)  retaining  20%  of  standing  dead
trees or leave canopies on site as piles of
branches (> 25 piles of  around 5 m2 ha-1);
(iii)  not logging unburned forest  patches;
(iv) not destroying dry stone walls; (v) us-
ing  logging  trails,  separated  from  each
other by at least 12 m, for machinery move-
ment;  (vi)  avoiding the  use of  heavy  ma-
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Fig. 3 - Experimental plots of burned
Mediterranean pine forests in Blanes,

Spain (burned area of 31 ha) and
wood volumes retained and har-
vested for the three forest treat-

ments: non-intervention; sustainable
logging with retention of living trees,

stem-only harvesting and canopies
cut and piled up on site, and conven-

tional logging with whole-tree har-
vesting and retention of living trees

only.
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chinery  on  unprotected  and  wet  soils  to
prevent soil compaction; (vi) building ero-
sion  barriers  on  slopes  steeper  than  25%;
(viii) taking extreme precautions on fragile
soils.  These  recommendations  could  be-
come  mandatory  to  forests  owners  and
managers benefited by public subsidies or
in  protected  lands.  They  have  therefore
the potential to influence the management
of large areas.

Likely, the process explained here can be
adapted and used in other socio-ecological
contexts  to  improve  forest  management
after disturbances. Similar processes in di-
verse regions would help to generalize the
knowledge on the topic and to connect sci-
entists and practitioners.

Final remarks
The media focus on wildland fires, and es-

pecially on extreme wildfire events (Tedim
et al. 2018) contrasts with the lack of inter-
est in the management of burned forests.
Apart from soil erosion and forest regener-
ation processes, national legislations do lit-
tle  to  regulate  post-fire  salvage  logging
and  to  impede  the  complete  removal  of
dead trees over large areas (Mavsar et al.
2012). Moreover, economic incentives from
government  bodies  to  promote  specific
sustainable  forestry  practices  have  been
reduced  in  recent  years  due  to  the  eco-
nomic  context.  Therefore,  management
decisions mainly depend on the agreement
between forest owners and private compa-
nies.  The  large  scale  application  of  best
post-fire  salvage  logging  practices  needs,
however, a different context (Pons & Rost
2017).  Stakeholders  have  to  be  aware  of
positive  and  negative  effects  of  salvage
logging and of  the importance  of  woody
debris for ecosystem functioning and its re-
generation  after  fire.  National  legislation
has to ensure natural regeneration, for ex-
ample making post-fire planning measures
mandatory  in  official  forest  management
plans, or including formal requirements to
ensure  retention  of  biological  legacies  in
harvested areas. Conventional salvage log-
ging has to be banned or strictly regulated
in forests devoted to conservation (Thorn
et  al.  2018).  Administrative  procedures
need  improvements  to  allow  for  land-
scape-level  forestry  planning  after  large
wildfires and on-site monitoring of activity.
Interdisciplinary  teams  of  scientists  and
practitioners are needed to generate best-
practice guidelines adapted to specific re-
gions.  Authorities  and  managers  may  as-
sess the economic needs to assist owners
and  communities  to  perform  best  prac-
tices,  that  can be subsidized by EU Rural
Development Program or other funding in-
struments. Wood certification, stewardship
agreements,  or  other  enticements  of  col-
laboration should also be used to promote
the application of these best practices on
public  and  private  lands.  Finally,  much
more debate to help improve the manage-
ment  of  Mediterranean  burned  forests  is
needed.
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