
C
r

F
C

a

A
R
R
A

K
S
M
F
P
A

1

l
r
g
2
m
a
i
r
t
A
w
a
f
M
d
t
(

0
d

Ecological Engineering 35 (2009) 870–873

Contents lists available at ScienceDirect

Ecological Engineering

journa l homepage: www.e lsev ier .com/ locate /eco leng

omparing survival and size of resprouts and planted trees for post-fire forest
estoration in central Portugal

rancisco Moreira ∗, Filipe Catry, Tito Lopes, Miguel N. Bugalho, Francisco Rego
entro de Ecologia Aplicada “Prof. Baeta Neves”, Instituto Superior de Agronomia, Universidade Técnica de Lisboa, Tapada da Ajuda, 1349-017 Lisbon, Portugal

r t i c l e i n f o

rticle history:
eceived 18 August 2008
eceived in revised form 7 December 2008
ccepted 24 December 2008

eywords:
prouting
editerranean

a b s t r a c t

The post-fire restoration of burned forests in the Mediterranean basin usually involves planting or direct
seeding, often neglecting the use of natural regeneration through basal resprouting. This study compared
the survival and size of planted and resprouted Fraxinus angustifolia (narrowleaf ash) and Quercus faginea
(Portuguese oak) in a burned area in central Portugal, after a 20–22-month growing period. Adult ash and
oak trees were burned in a wildfire in September 2003. The survival and height of resprouting suckers
were assessed 21 months after fire. Seedlings coming from nurseries were planted in the same area during
January to March, both in 2004 and 2005, and their survival and height were assessed 20–22 months after
ire
assive restoration
ssisted restoration

planting. Survival was higher in resprouts than in planted trees in the case of oak (98% against 77% and
67%, respectively, for trees planted in 2004 and 2005) but not for ash (100% against 87% and 97%). Plant
height was much higher in resprouts than in planted trees (4–5 times higher in oak; 2–3.8 times higher in
ash), and a similar pattern was found for basal diameter (3.5–4.5 times higher in oak; 3–5 times higher in
ash). The results suggest that using natural regeneration through resprouting may be a cheaper and more
effective technique than planting to restore burned forests with a large proportion of resprouter species,
as is the case of many Mediterranean broadleaved forests.
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. Introduction

Every year about half a million hectares of forests and shrub-
ands are burned in southern European countries. The post-fire
ehabilitation of these areas is a major task for national and regional
overnments, as well as for forest managers (Hüttl and Gerwin,
007), but there is still a significant lack of knowledge on the best
anagement techniques to use. In many situations burned trees

re felled (salvage logging). After clear felling, there is strong polit-
cal pressure to actively reforest burned areas in the Mediterranean
egion and this has been a common practice since the late 19th cen-
ury, mainly in conifer forests (Pausas et al., 2004b; Vallejo, 2005).
s an example, following the 2006 wildfires in Galicia (Spain),
hich burned 150,000 ha of land, reforestation has been considered
restoration priority (Amil, 2007). In the case of Portugal, policies

or the reforestation of burned forests have been common (Carvalho

endes, 2006). All these reforestation efforts are assumed to be

one by means of active restoration techniques such as planta-
ion or direct seeding, each with its advantages and drawbacks
e.g. Duyea, 2000; Lamb and Gilmour, 2003; Vallejo et al., 2006).

∗ Corresponding author. Tel.: +351 213616080; fax: +351 213623493.
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n contrast, taking advantage of passive restoration, by protecting
reas from further disturbances and allowing natural colonization,
egrowth and successional processes (Lamb and Gilmour, 2003;
allejo et al., 2006), has not been frequently used as a restoration

echnique in the Mediterranean context. However, it usually entails
lower financial cost, even if some degree of intervention to assist

his natural regeneration (either from seeds or resprouts) is used
e.g. Holz and Placci, 2005; Vallejo et al., 2006). Conflicts between
hese two approaches (active or passive) for restoration are possi-
le, particularly if governments subsidise active restoration in areas
here natural regeneration is occurring.

Passive post-fire restoration may profit from regeneration from
eeds (Pausas et al., 2004a; Holz and Placci, 2005) or from
esprouting of burned trees and stumps (mostly basal resprouting)
Espelta et al., 2003). Although there are several studies compar-
ng the effectiveness of different restoration techniques, in terms
f tree seedling survival and growth, they mostly compare plant-
ng and seeding methods (either natural seeding or direct seeding)
Lockhart et al., 2003; Ammer and Mosland, 2007; Dostálek et

l., 2007), but not natural regeneration from basal resprouting
f burned trees. However, the use of plant resprouting ability is
lready acknowledged as a powerful and pragmatic tool to restore
ome ecosystems (Wyant et al., 1995), e.g. the Atlantic rainforests
f Brazil (Simões and Marques, 2007). In fact, resprouts have many

http://www.sciencedirect.com/science/journal/09258574
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otential advantages over seedlings or planted trees because they
ave an already established root system and high stored energy
eserves, which may confer greater chances of plant survival and
ecovery (e.g. Bond and van Wilgen, 1996; Simões and Marques,
007).

In the summer of 2003, a wildfire occurred in a protected area
n central Portugal (Tapada de Mafra). A post-fire monitoring pro-
ramme of tree survival and post-fire responses was started in the
inter following the fire. At the same time, the managers of this

rea decided to reforest part of the area by planting some species,
ncluding two – Fraxinus angustifolia (narrowleaf ash) and Quer-
us faginea (Portuguese oak) – also being monitored for post-fire
esprouting. This provided an opportunity to compare survival and
rowth of planted and resprouted trees. The aim of this study is
o compare the survival and size of resprouting shoots, 21 months
fter a fire, with the ones of planted seedlings with a similar grow-
ng period (20–22 months) in the field.

. Methods

.1. Study area

The study area (885 ha) is located in central west Portugal
38◦58′30′′N, 9◦15′52′′W), 8 km far from the sea. The altitude ranges
etween 100 and 350 m and the soils are humic cambisols derived
rom sandstone. The mean annual precipitation is 798 mm and the

ean annual temperature is 14.6 ◦C. The vegetation is mainly dom-
nated by forests, composed by broadleaved and coniferous species
dominant species include Quercus faginea, Quercus suber, Quercus
occifera, Pinus pinaster and Pinus pinea), and by shrublands dom-
nated by Erica spp. and Ulex spp. Ungulate populations of deer
Dama dama and Cervus elaphus) and wild boar (Sus scrofa) occur at
ensities of 0.4 deer/ha and 0.2 wild boar/ha. The area was severely
ffected by a wildfire in September 2003 that burned ca. 70% of the
apada. During the study period the weather conditions were much
orse in 2004 and 2005, the driest and lowest rainfall years since

931, than in 2006, which was considered a normal year. Yearly
ainfall data from a local weather station yielded 438 mm, 608 mm,
024 mm, and 623 mm, respectively, for 2004, 2005, 2006 and 2007.

.2. Characterising survival and growth of trees resprouting from
he base of dead stems

Three months after the fire (December 2003), the study area
as divided into a regular grid of 500 m × 500 m, and 20 points

centers of each grid square) were randomly selected in the burned
rea as the initial point for field transects. For some cases, the ini-
ial location of transects was changed because they were located
n areas without trees. Each transect was ca. 100 m long and 20 m

ide, and the burned trees found along it were individually tagged,
dentified to species level, and measured (total height and diame-
er at breast height). To prevent the impact of wild herbivores on
ree regeneration (basal resprouting) some trees were protected
rom browsing using individual tree protectors (woven-wire fenc-
ng with a height of 1.5–1.8 m, and a mesh size of 5 cm × 5 cm).
hese protectors were installed between February and April 2004,
hus an unknown degree of browsing occurred between the fire and
he establishment of these protectors. Only data corresponding to
rotected trees were used in the current study.

For the purposes of this comparative study, only data related to

raxinus angustifolia (ash) and Quercus faginea (oak) resprouts are
nalysed, as these were the only species that were also planted
n the area (see below). Both species had an excellent post-fire
esprouting response (100% of the trees in the case of ash and
ver 90% for oak; Catry et al., 2006). The sample consisted of 19
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sh and 56 oaks trees protected from herbivores. These were adult
rees of ca. 5–15 m tall (mean diameter at breast height (DBH) of
5.3 cm (range = 18.8–63.3 cm, n = 48) for oak; mean DBH of 33.3 cm
range = 20.7–50.9 cm, n = 10) for ash). The fire severity suffered by
hese trees was presumably high (charring height was on aver-
ge 80% and 96% of total tree height, respectively for ash and oak,
nd the whole canopy was consumed by fire). Charred stems were
ogged after fire and remaining stumps (part of the trunk protruding
rom the ground after the tree has been felled) protected from her-
ivores. These stumps were assessed in June 2005, 21 months after
re. For each individual, the status (alive or dead, i.e. resprouting
r not resprouting) and, for live trees, maximum shoot height (to
he nearest cm) and maximum shoot basal diameter (to the nearest
.1 cm, measured with a vernier caliper), were noted.

.3. Characterising survival and growth of planted trees

Tree seedlings coming from nurseries were planted in 2004
between January and March) and 2005 (mostly planted in Jan-
ary, but a few planted in December 2004). A sample of 122 trees
hat had been planted in the vicinity of the monitored transects
as selected (30 ash and 30 oaks in 2004, and 29 ash and 33 oaks

n 2005), all protected from herbivores with individual tree pro-
ections similar to the ones of resprouts. There was no information
n seedling morphology when planted. However, for trees planted
n 2004 measurements taken 1–3 months after planting, period
uring which growth must have been null or negligible, showed
hat mean height (±S.E.) was 49.5 ± 3.6 cm and 34.9 ± 2.5 cm, and
asal diameter was 0.61 ± 0.06 cm and 0.44 ± 0.02 cm, respectively
or ash and oak. For 2005 we have no data on the size of planted
eedlings.

To compare survival, height and diameter with resprouts,
lanted trees were also assessed 20–22 months after for trees
lanted in 2004, and 20 months after for trees planted in 2005. For
ach individual, we noted the status (dead or alive), basal diameter
to the nearest 0.1 cm) and plant height (to the nearest cm).

.4. Data analysis

For each species, Fisher’s exact tests were used to test if sur-
ival rate was independent of plant status (resprouting or planted,
onsidering the 2 years of planting separately). Height and diam-
ter were compared among resprouts and planted trees using the
on-parametric Kruskal–Wallis and Mann–Whitney tests (Siegel
nd Castellan, 1988).

. Results

Plant survival 20–22 months after fire/planting was higher in
esprouts than in planted trees. This difference was significant for
ak (98.2% against 76.7% for 2004, Fisher’s exact test, P = 0.002;
nd 66.7% for 2005, P < 0.001) but not for ash (100% against 86.7%
n 2004 and 96.6% in 2005) (respectively, P = 0.148 and P = 1.00)
Fig. 1). For planted trees, differences between the 2 years were not
tatistically significant (Fisher’s exact test, P = 0.353 and P = 0.416,
espectively for ash and oak).

Plant height 20–22 months was significantly higher in ash
esprouts (median = 208.0 cm, n = 19) than in trees planted in 2004
median = 53.0 cm, n = 26) and 2005 (median = 108.5 cm, n = 28)
K–W test; �2 = 53.2, P < 0.001) (Fig. 2). For planted trees, differ-

nces between the 2 years were also significant (Mann–Whitney
est, Z = 4.79, P < 0.001). A similar pattern was found for oak,
ith resprouts (median = 180.0 cm, n = 55) being much taller than

ndividuals planted in 2004 (median = 37.0 cm, n = 23) and 2005
median = 47.0 cm, n = 22) (K–W test; �2 = 69.4, P < 0.001) (Fig. 2).
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Fig. 1. Survival of planted seedlings (white bars: trees planted in 2004; grey bars:
trees planted in 2005) and post-fire resprouts (black bars) for ash and oak, after
20–22 months of growing period.

Fig. 2. Median and inter-quartile range (25% and 75% percentiles) of maximum plant
height and stem diameter for ash and oak, after 20–22 months of growing period.
Values are given for seedlings planted in 2004 (black dots), planted in 2005 (white
dots), and post-fire resprouts (black squares).
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or planted trees, differences between the 2 years were not signif-
cant (Mann–Whitney test, Z = 1.39, P = 0.162).

Stem basal diameter after 20–22 months was significantly
igher in ash resprouts (median = 3.00 cm) than in trees planted in
004 (median = 0.50 cm) and 2005 (median = 0.80 cm) (K–W test;
2 = 46.9, P < 0.001) (Fig. 2). For planted trees, differences between

he 2 years were also significant (Mann–Whitney test, Z = 3.95,
< 0.001). Similarly for oak, resprout diameter (median = 2.0 cm)
as much thicker than in trees planted in 2004 (median = 0.40 cm)

nd 2005 (median = 0.55 cm) (K–W test; �2 = 68.5, P < 0.001) (Fig. 2).
or planted trees, differences between the 2 years were also signif-
cant (Mann–Whitney test, Z = 2.84, P = 0.005).

. Discussion

Passive forest restoration techniques are a valid approach when
cosystem structural/functional damage is limited and resilience is
igh (Lamb and Gilmour, 2003; Vallejo et al., 2006). However, even
hen natural regeneration is expected to occur and constitutes a

iable option, post-fire restoration projects in the Mediterranean
asin often do not consider this alternative, concentrating efforts
nly in active restoration techniques (which can even destroy natu-
al regeneration while being implemented). In fact, from a political
erspective, there has been a simplistic approach of comparing
reas burned and actively reforested (Pausas et al., 2004a,b).

This study provided evidence that taking advantage of basal
esprouting may be a suitable alternative strategy to replanting ash
nd Portuguese oak in central Portugal, as the survival and size of
esprouts were higher, at least in the early stages of tree growth.
ther studies have shown that the management of resprouting is a
owerful technique to restore Mediterranean oak forests (Espelta et
l., 2003), and this may hold for most Mediterranean areas and tree
pecies, as long as they are resprouters (thus, most broadleaves).
n our study area, 8 out of 11 tree species showed resprouting
ehaviour after fire, the only exceptions being pines (Catry et al.,
006). However, the fact that this study did not follow a strict
xperimental design but was constrained to the monitoring of
eforestation actions taken by the managers of the study area brings
ome degree of uncertainty to the obtained results. For exam-
le, trees were planted in two consecutive years, rather than in
he same year. The size of seedlings at the time of planting could
ot be assessed. Planting dates did not coincide with the timing
f the wildfire. On the other hand, for resprouting trees, individ-
al tree protectors were installed only 2–4 months after fire, thus
n unknown degree of browsing probably had negative effects on
prout growth. Finally, resprouts were assessed just before sum-
er (in June) whereas seedlings were assessed a few months latter

August and September), after the dry summer period. Although
hese drawbacks should be taken into account when interpreting
hese results, the differences between survival and, in particular,
ize of sprouts and planted trees bring some degree of evidence to
he advantages of using the resprouting characteristics of trees as a
ool in post-fire restoration. This could be expected from an ecologi-
al point of view, as sprouts of adult trees should have a well estab-
ished root system that enables higher survival and plant growth

hen compared to the very young trees coming from nurseries. But
ew studies have quantified these differences and in fact in many

editerranean areas the political response to forest fires still is
romoting reforestation actions, rather than managing resprouting.

There are several advantages of using resprouting for restora-

ion. First of all, the costs are lower, as less heavy or no equipment
s needed, and often site preparation is not required (Duyea, 2000;
amb and Gilmour, 2003; Whisenant, 2005). Soil mobilization and
ubsequent erosion risk are also minimised. Plant survival and
rowth are enhanced as the resprouts have a well established root
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ystem, and a subsequent faster vegetation cover is achieved, again
ith important implications for preventing soil erosion (Vallejo

t al., 2006). Further stages in natural regeneration management,
epending on the objectives, may involve thinning, the selection of
hoots and the control of unwanted vegetation (Lamb and Gilmour,
003; Holz and Placci, 2005; Whisenant, 2005), and these will
ave associated costs. In contrast, planting has some drawbacks,
ost noticeably the costs associated with the acquisition of plant

eedlings from nurseries, transport to the area (particularly in areas
here access is difficult), fertilizers, tree shelters, replacement of
ead plants, and human labour. Finally, plant survival and growth
ates are generally much lower, particularly in the case of hard-
oods (Duyea, 2000; Lamb and Gilmour, 2003; Whisenant, 2005).

n the current study survival of planted seedlings was particularly
ood when compared with other studies (Pausas et al., 2004b;
allejo et al., 2006), in part because there was a particularly careful
election of sites for plantations.

Differences between seedling survival and size after 20–22
onths of planting were obvious for individuals planted in 2004

nd 2005. This could be due to either or both (a) different seedling
ualities used in the 2 years, and (b) the better climatic conditions
more rainfall) experienced by individuals planted in 2005, com-
ared to the ones planted in 2004 (which have experienced two
onsecutive very dry years).

In conclusion, the fact that Mediterranean-type ecosystems are
ften dominated by shrub and tree species that have the ability
o resprout after fire (e.g. Pausas, 1999) confers a high resilience to
hese systems. This characteristic could be used in post-fire restora-
ion, mainly through assisting natural regeneration that will likely
esult in higher survival and growth rates, and thus a faster recovery
ate, and generally less costly technical interventions, when com-
ared to planting. However, further comparative studies of planted
rees and resprouting individuals, using more appropriate experi-

ental designs and controlled experiments, should be carried out
o confirm the generality of the findings of this study and assess
onger-term differences in survival and growth.
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