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Eucalyptus monocultures are known to hold reduced terrestrial biodiversity. We aimed to mea-
sure the effect of native riparian galleries embedded in plantations of the non-native Eucalyptus
globulus in Portugal on bird richness and abundance. Between 2017 and 2019, we surveyed the
breeding bird communities in native forests and two types of eucalyptus plantations: those bor-
dering and those without native riparian galleries. The incidental occurrence of huge wildfires
after the first year, allowed measuring the effects of native riparian galleries on the bird commu-
nities colonizing both types of plantations before and after the wildfires. Before the wildfires, bird
communities in plantations with galleries were similar to those from native forests, presenting
higher richness and abundance than those in plantations without galleries. After the wildfires,
bird communities were similar in burnt and non-burnt plantations with galleries, which tended
to have higher richness and abundance than both burnt and non-burnt plantations without gal-
leries. Therefore, the presence of a riparian gallery was a better predictor than the fire occurrence
to explain richness and abundance of bird communities in eucalyptus plantations. These striking
results can be related to the relatively high availability of resources for birds in riparian galleries.
We showed that native riparian galleries in eucalyptus plantations can act as a refuge for bio-
diversity, suggesting that they can contribute to maintain ecosystem functioning in landscapes
threatened by wildfires.
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Riparian galleries as bird refuges in plantations hit by wildfires

E do conhecimento geral que as monoculturas de eucalipto possuem reduzida biodiversidade
terrestre. O nosso objetivo foi medir o efeito da manuten¢io de galerias ripicolas nativas de
Portugal em planta¢des de Eucalyptus globulus na riqueza e abundancia de aves. Entre 2017 e
2019, amostrdmos as comunidades de aves nidificantes em florestas nativas e em dois tipos de
plantacoes de eucalipto: com e sem galerias ripicolas nativas. A ocorréncia acidental de grandes
incéndios florestais apds o primeiro ano de amostragem, permitiu medir os efeitos das galerias
ribeirinhas nativas nas comunidades de aves que colonizam ambos os tipos de planta¢des antes
e depois dos incéndios. Antes dos incéndios, as comunidades de aves em plantagdes com gale-
rias eram semelhantes as de florestas nativas, apresentando maior riqueza e abundancia do que
aquelas em plantagdes sem galerias. Apds os incéndios florestais, as comunidades de aves foram
semelhantes em plantac¢des ardidas e ndo ardidas com galerias, que tenderam a ter maior riqueza
e abundancia do que plantagdes ardidas e ndo ardidas sem galerias. A presenga de uma galeria
ripicola revelou ser um preditor melhor do que a ocorréncia de incéndios para explicar a riqueza e
abundancia de comunidades de aves em plantacoes de eucalipto. Esses resultados podem estar rel-
acionados com a disponibilidade relativamente alta de recursos para as aves nas galerias ripicolas.
Mostramos que as galerias ripicolas nativas em planta¢des de eucalipto podem funcionar como
um refigio para a biodiversidade, sugerindo que podem contribuir para manter o funcionamento
do ecossistema em paisagens ameagadas por incéndios florestais.

Palavras-chave: Espécies exdticas, mudangas de habitat, regido Mediterrdnea, monocultura, vegetagao nativa

Monocultures tend to hold less biodiversity Eucalyptus plantations are known to hold
than natural habitats as result of their arti- lower biodiversity than native woodlands
ficial homogeneity (e.g., limited availability (Calvifo-Cancela 2013; Fork et al. 2015;
of micro-habitats; Jacktel et al. 2017, Boha- Goded et al. 2019; Hanane et al. 2019; Silva
da-Murillo et al. 2020, Wang et al. 2022). et al. 2019). Overall, the exotic status and
Eucalyptus have been planted at large scale, chemical characteristics of eucalyptus plants
often in monocultures, for timber, paper strongly constrain the number of potential
and oil production, in Brazil, China, India, interacting species, which would require
South Africa, and some European countries, a long time of co-evolution to increase
especially over the last five decades (Turn- (Calvifio-Cancela 2013; Ferreira et al. 2015).
bull 1999; Bayle 2019). Currently, Eucalyp- Abundance and species richness of native
tus globulus is the second most abundant plant species are also negatively affected by
non-native tree in Europe, where it covers the establishment of eucalyptus plantations
1.46 million ha, mainly concentrated in Por- (Proenga et al. 2010; Goded et al. 2019; Silva
tugal and Spain (Brus et al. 2019). etal. 2019). Changes in soil composition and
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Galerias ripicolas como reftigio para aves em plantagoes atingidas por incéndios florestais

reduction of water availability in eucalyptus
plantations have been highlighted for pos-
sibly affecting native vegetation (Tererai et
al. 2013; Yang et al. 2017). Nevertheless, a
significant seedbank of native species can
be found in areas of resprouting eucalyptus
after a soil disturbance such as tree logging
or fire occurrence (Maia et al. 2014; Moreira
et al. 2013).

Eucalyptus plantations tend to hold sim-
pler versions of the regional bird community
with an overrepresentation of habitat-gen-
eralist species, which are mainly associated
with shrubs at young stands and canopies at
older ones (Proenca et al. 2010; Calvifio-Can-
cela 2013; Goded et al. 2019; Jacoboski and
Hartz 2020). Often, exotic monocultures
have short rotation times and are not con-
nected with native forest remnants, result-
ing in reduced availability of nesting and
food resources for birds (Castafio-Villa et
al. 2019). Moreover, monocultures tend
to be established in large patches reducing
the connectivity between native vegetation
remnants (Giubbina et al. 2018; Iezzi et al.
2018). Biodiversity hotspots, like the Med-
iterranean basin, are particularly vulnera-
ble to the replacement of native forests by
exotic monocultures due to the singularity of
their communities (de la Hera et al. 2013;
Bohada-Murillo et al. 2020). The negative
effect of plantations on bird diversity is not
consistent across large geographical areas as
it depends clearly on the surrounding land-
scape (Pereira et al. 2014; Pedley et al. 2019;
Lourenco et al. 2021). However, there is lit-
tle knowledge about the potential positive
impacts of riverine ecosystems (e.g., riparian
galleries) on the biodiversity of eucalyptus
plantations (Santos et al. 2018). In central
Portugal, Eucalyptus globulus is planted
in small non-managed properties that have
great capacity for natural establishment
from seed (Catry et al. 2015). Currently,
the region holds the main plantations in the
country, and an average 10-year productivity
of about 10 Mg / ha / year, which is only

slightly above the national average (Alves et
al. 2007). Eucalyptus plantations correspond
to 16% of the land uses in central Portugal,
while native forest corresponds to 6% (Uva
2019).

Eucalyptus plantations often burn (Mene-
ses etal.2018),and even though the impact of
these fires vary, they are an important threat
to terrestrial and aquatic ecosystems that are
particularly relevant in the Mediterranean
basin (Moreira et al. 2011; Botequim et al.
2013; Pastro et al. 2014). In recent decades,
there has been a tendency for increased fre-
quency of wildfires due to the combination
of factors, such as land abandonment and
climate change (Gongalves and Sousa 2017;
Fernandes et al. 2019). Central Portugal has
been described as the most vulnerable region
to wildfires in the country, considering its
vegetation cover, altimetric slope, and histor-
ical record of wildfires (Parente and Pereira
2016). In 2017, Europe suffered a particu-
larly strong heatwave, with central Portu-
gal suffering the most devastating wildfires
of the continent: 993,557 ha burnt in the
European Union, of which 540,630 ha were
in Portugal, where at least 114 people died
(San-Miguel-Ayanz et al. 2018; Fernandes et
al. 2019; Molina-Terrén et al. 2019; Turco et
al. 2019).

In Europe, most studies analysing the
effects of wildfire on woodland bird com-
munities were developed in pinewood plan-
tations (Moreira et al. 2001; Herrando and
Brotons 2002; Battisti et al. 2008; Poirazidis
etal.2017). However, during the last decades,
eucalyptus plantations have increased greatly
in southern Europe replacing some areas his-
torically covered by pinewoods (Goded et
al. 2019; Fernandes et al. 2019). Consider-
ing this context, we aimed to assess (1) the
effect of native riparian galleries embedded
in plantations of the non-native Eucalyptus
globulus in Portugal on bird richness and
abundance, and (2) the role of native ripar-
ian galleries in reducing the impact of wild-
fires in the same bird parameters.



Riparian galleries as bird refuges in plantations hit by wildfires

Field work was conducted in a region
of central Portugal (Coimbra and Leiria
districts) with high density of Eucalyptus
globulus plantations (Figure 1). Native
oak-pine forests are composed by Pinus
pinaster and at least one native oak species
(Quercus suber, Q. faginea or Q. robur).
Native riparian galleries are dominated by
Quercus robur, Castanea sativa, Salix spp.
and Rubus spp.. The terrain is hilly, rang-
ing from 50 to 700 m a.s.l., and climate is
Mediterranean with Atlantic influence.

The breeding bird community was sur-
veyed by recording all birds detected, either
visually or aurally within 300 m long, 50
m wide (with 25m to each side of the tran-
sect line, totalizing 3 ha) transects that
were walked at a continuous slow pace.
The transects were conducted in May 2017
(i.e., before the wildfires) as well as in May
2018 and 2019 (Figure 1) in three land
use types: (1) eucalyptus stands bordering
native riparian galleries (hereafter plan-
tations with galleries: n = 20 sites; mean
patch size and standard error: 11.1 = 2.5
km?2); (2) eucalyptus stands without native
riparian vegetation (hereafter plantations
without galleries: n = 18 sites; mean patch
size and standard error: 8.3 = 1.9 km?2);
and (3) oak- pine forests bordering ripar-
ian galleries (hereafter native forest: n = 20
sites; mean patch size and standard error:
6.3 = 1.4 km?2). Both eucalyptus plantation
types (1 and 2) were about 10/12-year-old,
had densities of around 1,400 trees/ha,
and were not logged or managed for shrub
clearing during the study period. All tran-
sects were performed at least 50 m away
from the edge of the patch. In plantations
with riparian galleries and native forests,
the 3 ha were surveyed by transects were

performed along rural tracks with ripar-
ian galleries at one side and non-riparian
vegetation at the other side. The minimum
distance between adjacent transects was
700 m. All bird species around or above
the size of a thrush (Turdus spp.), and
aerial planktivores (swallows and swifts)
were excluded, to avoid double counting in
adjacent transects due to their large home
ranges (Peach et al. 2004; Ringhofer and
Hasegawa 2014).

Between June and August 2017, huge
wildfires burned a significant part of the
study area (Figure 1; Fernandes et al. 2019;
Turco et al. 2019). Native forest patches
visited in this study were not affected by
the fire.

We analysed the effect of land use type
and occurrence of fire on the richness and
abundance of bird communities. We used
the density of all surveyed bird species
within the 3 ha of the transect as a proxy
of abundance (hereafter total abundance).
We used a generalized linear model with
Poisson distribution to analyse the effect
of land use type in a situation before the
wildfires (2017) considering a categori-
cal explanatory variable with the three
types of studied land uses: native forests
with riparian galleries, eucalyptus planta-
tions with riparian galleries, and eucalyp-
tus plantations without riparian galleries.
Regarding the data collected in eucalyptus
stands during the three years of the study,
we analysed the effect of plantation type
and occurrence of fire using generalized
linear mixed models with Poisson dis-
tribution. To analyse the effect of fire we
used a BACI (before-after-control-impact)
approach, with inclusion of two categori-
cal explanatory variables: one indicating if
the sampling was before or after wildfires,
and other indicating if the sampling site
was impacted or not by wildfires.



Galerias ripicolas como reftigio para aves em plantagoes atingidas por incéndios florestais

(A) Study area showing the burnt area by wildfires in Portugal in 2017 (black patches) after the first bird sur-
vey in three types of land uses: eucalyptus stands bordering native riparian galleries (plantations with galleries; yellow
dots); eucalyptus stands without native riparian vegetation (plantations without galleries; red dots); and native mixed
oak — pine forests bordering riparian galleries (green dots). Dots represent the location of transects for bird sampling.
Sampling sites were affected by wildfires on 17 June 2017 (southeast patches) and 12 August 2017 (north patches). Burnt
area data source: Copernicus Emergency Management Service (n.d.). (B) Example of a 300 m-length transect located in
a eucalyptus plantation with a riparian gallery.

(A) Area de estudo mostrando a drea ardida pelos incéndios florestais em Portugal em 2017 (manchas a negro)
apés a primeira amostragem de aves em trés tipos de usos do solo: eucaliptais adjacentes a galerias ripicolas nativas
(plantagdes com galerias; pontos amarelos); eucaliptais sem galerias ripicolas nativas (plantagdes sem galerias; pontos
vermelhos); e florestas mistas nativas de carvalhos e pinheiros adjacentes a galerias ripicolas (pontos verdes). Os pontos
representam a localiza¢ao dos transetos utilizados para a amostragem de aves. Os locais de amostragem foram afetados
por incéndios florestais em 17 de junho de 2017 (manchas sudeste) e 12 de agosto de 2017 (manchas norte). Fonte de
dados da drea ardida: Copernicus Emergency Management Service (s.d.). (B) Exemplo de um transeto de 300 m local-
izado numa plantac¢ao de eucaliptos com galeria ripicola.
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Riparian galleries as bird refuges in plantations hit by wildfires

Following a multi-model inference
approach, for each community metric, we
built seven alternative models: three models
included only one of the explanatory vari-
ables (plantation type, before/after wild-
fires, impacted/not impacted by wildfires);
three models included the different com-
binations of two explanatory variables in
interaction; and finally, we also include the
null model (without variables) as a measure
of the explanatory power of the models. We
did not built models with three variables
(and their interactions), due to limitations
in the representativeness and sample size in
the different combinations of the categor-
ical variables. We used altogether the two
years after the wildfire, i.e., 2018 and 2019,
because we found no differences in richness
or abundance between them (GLM Poisson:
richness: estimate = 0.0638; SE = 0.069; z
= 0.928; p = 0.35; abundance: estimate =
-0.0012; SE = 0.049; z = -0.025; p = 0.98).
We used the criteria AAICc <2 to identify
the best models (Liddle et al. 2009). Mod-
els were validated by checking the plots of
residuals. In addition, we computed pair-
wise comparisons between land use types
using Tukey post hoc tests (significance
was set at p < 0.05). All analyses were com-
puted in R 3.6.1 (R Core Team 2020) using
the packages Ime4 (Bates 2010), emmeans
(Length et al. 2018) and ggplot2 (Wickham
et al. 2016).

We detected 31 bird species during this
study (Table 1). The most abundant species
in all land use types were the Blackcap (Syl-
via atricapilla) and the Robin (Erithacus
rubecula). Wren (Troglodytes troglodytes)
was the species more frequently recorded in
the third position of the ranking of species
abundance. Other species that reached high
positions in the ranking were the Chaffinch
(Fringilla coelebs) and the Coal Tit (Peri-

parus ater) in burnt plantations without
galleries, respectively in the second and
third position; and the invasive Red-billed
Leiothrix (Leiothrix lutea) in the second
position in non-burnt plantations with gal-
leries.

Before the occurrence of wildfires in cen-
tral Portugal, in spring 2017, plantations of
eucalyptus with riparian galleries showed a
similar species richness and total abundance
of birds to native forests and higher values
than in plantations without galleries for
both parameters (Figure 2.i, ii; Supporting
information, Tables S1; S2). We obtained
two best models (with AAICc <2) to explain
bird richness in plantations of eucalyptus:
one model that included only the plan-
tation type (weight = 0.52) and another
model including the interaction between
the variables plantation type and before/
after the fire (weight = 0.41; Supporting
information, Table S3; S4). Species richness
was higher in eucalyptus plantations with
riparian galleries than in plantations with-
out riparian galleries (z = 5.330, p < 0.001;
Figure 3i). Species richness was negatively
affected by the variable before/ after the fire
(z = -2.217, p = 0.0266; Figure 3iii). The
interaction between these variables showed
that species richness was higher plantations
with galleries before the fire than in planta-
tions without galleries (in both situations;
Figure 3vii). Illustrating this is the fact that
after wildfires, species richness was higher
in plantations with galleries than in plan-
tations without galleries (z = 4.098, p <
0.001).

There were two best model to explain
bird abundances in central Portugal, one
which included the interaction between the
plantation type and before/after the fire
(weight = 0.68) and another which included
only the variable plantation type (weight
= 0.26; Supporting information, Table S5;
S6). The pattern of interacting factors was
similar to those described for the richness
(Figure 3vii, viii).
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Mean abundance and standard deviation for each bird species per land use type: plantations of eucalyptus with
galleries before the wildfires (G), plantations of eucalyptus without galleries before the wildfires (nG), native forests (N), burnt
plantations with galleries (BG), burnt plantations without galleries (BnG), non-burnt plantations with galleries (nBG), non-
burnt plantations without galleries (nBnG). Numbers in parentheses indicate the hierarchical position of each species within the
respective land use treatment considering its abundance. Identical abundances (considering one decimal place) were classified

as belonging to the same position in the ranking.

Abundancia média e desvio padrio para cada espécie de ave por tipo de uso do solo: plantacoes de eucalipto com
galerias ripicolas antes dos incéndios (G), plantacoes de eucalipto sem galerias antes dos incéndios (nG), florestas nativas
(N), plantagdes queimadas com galerias (BG), plantagdes queimadas sem galerias (BnG), plantagdes ndo queimadas com
galerias (nBG), planta¢des nao queimadas sem galerias (nBnG). Os nimeros entre parénteses indicam a posi¢ao hierarquica
de cada espécie dentro do respectivo tratamento de uso do solo considerando a sua abundancia. Abundancias idénticas

(considerando uma casa decimal) foram classificadas como pertencentes a mesma posi¢ao no ranking.

Land use
type

Species /
sampling sites

Coal Tit
(Periparus ater)

Crested Tit
(Lophophanes
cristatus)

Blue Tit
(Cyanistes
caeruleus)

Great Tit
(Parus major)

Woodlark
(Lullula arborea)

Melodious
Warbler
(Hippolais
polyglotta)

Common
Chiffchaff
(Phylloscopus
collybita)

Iberian
Chiffchaff
(Phylloscopus
ibericus)

Cetti’s Warbler
(Cettia cetti)

2017 (before the wildfire)
G nG N
20 18 20
1.1+ 06+ 0.6=1
0.9(6) 0.8(5) (11)
03x 03s 03
0.5(13) 0.5(9) (13)
0.8 = 0.4 = 1.1=+
0.9(8) 0.6(7) 0.9 (6
0.5 = 0.3 = 0.7 =
0.509) 0.5(9) 0.9(8)
0.1 0.1
+0.4 +0.2 0
(18) (13)
0.2
0 0 =0.5
(14)
0.1 0.1
+0.2 0 0.2
(18) (19)
0.1
0 0 +=0.3
(19)
0.1
=02 0 0
(18)

2018 (1st year after the wildfire)

BG

0.9 =
0.8 (6)

0.8 =
0.8 (7)

0.4 +
0.5 (8)

BnG

0.6 =
0.7 (3)

0.1 =
0.4 (9)

0.1+
0.4 (9)

0.4 =
0.5 (5)

09

nBG

11

0.4 =
0.7 (8)

0.2
+0.4
(11)

0.2
+ 0.4
(11)

0.2
+ 0.4
(11)

nBnG

10

0.5 =
0.7 (5)

0.2 =
0.4 (9)

0.2 =
0.4 (9)

0.1
+0.3
(11)

0.1
+0.3
(11)

2019 (2nd year after the wildfire)

BG

0.8 =
0.7 (6)

0.1
+0.3
(14)

0.4 =
0.5 (9)

0.2
+ 0.4
(11)

BnG

0.6 =
0.7 (3)

0.5 =
0.8 (4)

0.5 =
0.5 (4)

nBG

11

0.5+
0.5 (7)

0.1
+0.3
(15)

0.4 =
0.5 (9)

0.5 =
0.7 (7)

nBnG

10

0.5+
0.7 (6)

0.2 +
0.4 (8)

0.1+

(10)
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2017 (before the wildfire) 2018 (1st year after the wildfire) 2019 (2nd year after the wildfire)

Land use
type
G nG N BG BnG nBG nBnG BG BnG nBG nBnG
Species | 20 18 20 9 8 11 10 9 8 1 10
sampling sites
Long-tailed Tit . . 0.5 . 0.1 0.3
s 0%5(9_) 0%3(’9-) £0.6 0 0 0%3(9-) £03 0 0 =05 0
caudatus) : . (12) : (11) (11)
Blackcap (Sylvia 4.1= 1.6 = 36 34=x2 0.5 = 33+ 1.3 = 32+ 1.3+ 27+ 21=
atricapilla) 1.7(1) 14(2) 1.6(2) (1 114 1.3(1) 1.12) 1.9(1) 131 1.9(2) 1.3(2)
Sardinian 0.2 0.2
. 0.5 = 0.3 = 0.5 = 0.5 = 0.6+ 0.6=
Warbler (Sylvia =04 0 0 =04 0
melamocephaley 0919) 06090 08(6) 08(5) *yj) 0.9(6) 0.8(5)
Dartford Warbler 0.1
(Sylvia undata) 0 0 0 0 0 1( ?73) 0 0 0 0 0
Red-billed 15s  04s 15 2 o 26% 09: 04: 04x 27: 08s1
(Leiogtyin be) 234 110) 240)  *) 25Q2) 14¢4) 1309) 1L1(7) 18(2) (4

Firecrest 1.2+1 08=1 16=1 1.2 = 0.3+ 1.2 = 0.3 =+ 1.2 = 0.5+ 1.6+ 04=

e ) ) ) ) ) . . .
ig(mi%i'f/f;) (5) (4) (3) 0.8(4) 0.5(6) 09(5) 0.7(8) 08(4) 05(4) 14(5 05(7)
0.1
Nuthatch
(Sitta europaea) 0 0 0 0 0 0 0 7?43) 0 0 0
Short-toed 0.3 0.2 0.2 0.2
Tffggrf;flgef <06 0 009'7(8*) £0.7 0 =06 0 007'6(7*) 0 =04 0
brachydactyla) (13) ’ (11) (11) ' (12)
(Tr(}vlroeflil o 24+ 1.3+ 16+ 2.8=x2 0.3 = 21+ 1+0.7 1.3 =+ 0.4 =+ 1.9 + 14 =
tmgfodyﬁes) 13(3) 11(3) 14 2) 05(6) 154 (B) 1.53) 05(7) 0.9(4) 08(3)
(Elji?l?;?us 28+ 17+ 4:16 28+ 1209 26+ 16+1 32+ 04: 28= 22=
rbeenla) 1.1(2) 14(1) 1) 1.9(2) 1) 12(2) (1) 13(1) 05(7) 1..1(1) 0.9(1)
Back Redstart 0.1
(Phoenicurus 0 0 +0.2 0 0 0 0 0 0 0 0
ochruros) (19)
Dunnock 0.2 0.1 0.1 0.1
(Prunella +0.5 0 =02 0 0 0 0 03 =04 0 0
modularis) (16) (19) (14) (13)
. 0.1 0.2 0.2
(M(jgjcyil}’;’igi}ia) 0 0 =03 =+04 0 0 0 =04 0 0 0
(19) (11) (11)



Galerias ripicolas como reftigio para aves em plantagoes atingidas por incéndios florestais

2017 (before the wildfire)
Land use
type
G nG N BG
Species /
sampling sites 20 18 20 9
White Wagtail
(Motacilla alba) 0 0 0 0
Chaffinch 1+1.1 0.5 = 1.1+ 1+0.9
(Fringilla coelebs) (7) 0.7(6) 1.3(6 ($)
Bullfinch 0.2 0.2 0.1
(Pyrrhula =04 0 =04 0.3
pyrrhula) (16) (14) (14)
Greenfinch . 82 . 8% . 8% 0.4 =
(Chloris chloris) = ey o 0.7(8)
(13) (13) (14)
. o 0.1 0.1
Lt maria 203 203 0 0
(18) (13)
Goldfinch 0.1
(Carduelis 0 0 +0.3 0
carduelis) (19)
Serin (Serinus 05« 8; 0.7« | 82
serinus) 0.7 (9) (13) 1.2 (8) (10)
0.2
Rock Bunting
(Emberiza cia) 0 0 =04 0
(14)
0.1
Cirl Buntin
(Emberiza cir[%ts) 0 0 t( (1)94; 0

Mean and standard deviation for bird species
richness and total bird abundance according to the land
use type: native forests (N), plantations of eucalyptus with-
out riparian galleries (nG), and plantations of eucalyptus
with riparian galleries (G). Letters above bars denote sig-
nificant differences (p < 0.05) using post-hoc Tukey tests
after generalized linear models.

Média e desvio padrio da riqueza de espécies de
aves e abundancia total de acordo o uso do solo: floresta
nativa (N), plantagdes de eucalipto sem galerias ripicolas
(nG), e plantagdes de eucalipto com galerias ripicolas (G).
As letras acima das barras denotam as diferencas signif-
icativas (p < 0,05) usando testes post-hoc de Tukey apos
modelos lineares generalizados.

BnG

0.1 =
0.4 (9)

0.8 =
0.5 (2)

0.3 =
0.5 (6)

0.1 =
0.4 (9)

nBG

11

0.5 =
0.9 (6)

0.3 =
0.6 (9)

0.2
+0.4
(11)

0.2
+0.4
(11)

'_

Py

Species Richness

w

2018 (1st year after the wildfire)

nBnG

10

0.4+
0.7 (7)

0.1
+0.3
(11)

2019 (2nd year after the wildfire)
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Figure 3 - Mean and standard deviation for bird species richness and total bird abundance according to the following envi-
ronmental variables: plantations of eucalyptus without riparian galleries (nG), plantations of eucalyptus with riparian galleries
(G), before wildfires of 2017 (B), after wildfires of 2017 (A), non-burnt sites (C), burnt sites (I), and the interactions between
them. Letters above bars denote significant differences (p < 0.05) using post-hoc Tukey tests after generalized linear models.

Figura 3 - Média e desvio padrao da riqueza de espécies de aves e abundancia total de acordo com as seguintes variaveis
ambientais: plantacdes de eucalipto sem galerias ripicolas (nG), plantagdes de eucalipto com galerias ripicolas (G), antes dos
incéndios florestais de 2017 (B), ap6s os incéndios florestais de 2017 (A), locais ndo ardidos (C), locais ardidos (I) e as inter-
acoes entre eles. As letras acima das barras denotam as diferencas significativas (p < 0,05) usando testes post-hoc de Tukey

ap6s modelos lineares generalizados.
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Discussion

Our results shown that eucalyptus plan-
tations conserving native riparian galleries
can be important for the community of small
breeding birds in central Portugal, as this land
use may hold a similar bird richness and abun-
dance to native oak-pine forests. These bird

a ab a
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community parameters were clearly lower in
pure eucalyptus plantations. Moreover, after
the occurrence of a catastrophic change, such
as a wildfire, eucalyptus plantations with

native galleries kept the relative importance
for birds in the region.
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Before the wildfires, the bird community
in central Portugal showed higher species
richness, and total abundance in plantations
with galleries than in plantations without
galleries. These results agree with other stud-
ies in the Iberian Peninsula, which found
that the reduced diversity and abundance
of arthropods in pure eucalyptus planta-
tions (i.e., without galleries) when compared
to oak woodlands contribute to reduce the
diversity and abundance of birds (Zahn et
al. 2009; Silva et al. 2019). Consequently,
bird species occurring on these plantations
tend to be generalist species that colonize all
woodland uses (Zahn et al. 2009; Silva et al.
2019). Before the wildfires, the most abun-
dant bird species in eucalyptus plantations
and native oak-pine forests were widespread
and common European woodland species:
Blackcap, Robin, and Wren. Many authors
found these species not to be very selective
concerning the breeding habitat in Europe,
which comprises broadleaf, coniferous or
mixed forest (Blondel and Farré 1988; Farina
1995; Diaz 2006), including different types
of non-native woodland uses (Calvifio-Can-
cela 2013; Kroftovd and Reif 2017; Cam-
pagnaro et al. 2018). These species may be
generalist because they are more dependent
on the understorey traits rather than on the
arboreal structure of forests, particularly for
foraging, nesting, and ensuring protection
from predators (Hoelzel 1988; Camprodon
and Botons 2006; Santana et al. 2018). The
presence of understorey is a common trait to
all studied forest land uses, including in pure
eucalyptus plantations.

The higher diversity and abundance of
plants in oak woodlands creates a higher
number of available micro-habitats for birds
thus contributing to increase their richness
and abundance when compared with pure
eucalyptus plantations. For instance, allow-
ing the occurrence of trunk hole nesting
species, such as the Short-toed Treecreeper
(Certhia brachydactyla), or farmland species,
such as the Serin (Serinus serinus; Proenga
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et al. 2010; Calvino-Cancela 2013; Goded et
al. 2019; Silva et al. 2019). Natural cavities
(i.e., non-originated by man and/or wood-
pecker activities) are rarer in eucalyptus
plantations than in native forests because
trees are logged before reaching a maturity
that allows to develop natural cavities (de
la Hera et al. 2013). Consequently, in our
study, the presence of Quercus spp. and Cas-
tanea sativa in plantations with galleries, two
tree species that are more prone to creating
natural cavities than eucalyptus, may have
contributed to promoting trunk hole nesting
species when compared to plantations with-
out galleries. Moreover, plantations with gal-
leries also seem to attract riparian specialists
(e.g., Long-tailed Tit Aegithalos caudatus
and Bullfinch Pyrrbula pyrrbula), in abun-
dances similar to those recorded in native
forests and higher than those observed in
plantations without galleries.

When analysing the effect of fire, our
results indicated that the presence of a ripar-
ian gallery was a better predictor than the
of such a catastrophe to explain richness
and abundance of bird communities in euca-
lyptus plantations. When compared to the
assemblage of species before the wildfires,
higher changes occurred in burnt plantations
without galleries as the Chaffinch and the
Coal Tit appeared among the most abundant
species. Concomitantly, Blackcap and Wren
reduced their abundances compared to the
situation prior wildfires, probably because
the native understorey vegetation was elimi-
nated with the fire. While, the Coal Tit was,
for instance, the commonest Paridae species
in all types of eucalyptus plantations (burnt
or not; with galleries or not), which reveals a
higher adaptability, probably due its smaller
size allowing it to survive with lesser require-
ments (e.g., smaller cavities and small food-
items) than other species (Van Balen et al.
1982; Atiénzar et al. 2017). Overall, commu-
nity parameters were higher in burnt plan-
tations with riparian galleries than in plan-
tations without riparian galleries, regardless
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of the fact these had burn or not. Our results
agree with those of Brotons et al. (2005), who
analysed the bird community arrangement in
burnt mosaic of pine and oak forests with
open habitat and found that habitats that are
poor in species before the wildfires tend to
be also poor after them. The great similar-
ity in bird communities between burnt and
non-burnt eucalyptus plantations (regardless
of the presence of a riparian gallery) might
be related with the great resprouting capac-
ity of eucalyptus, which starts immediately
after the wildfires. The resprout of eucalyptus
results in a shrubland-like habitat a year after
the event (Catry et al. 2013) that can already
be used by some bird species. Wildfires affect-
ing species with resprouting capacity lower
than that of eucalyptus (e.g., pinewoods)
may suffer greater transformations in the
bird communities, namely from woodland
to open-habitat dominant species (Herrando
et al. 2003; Ukmar et al. 2007; Castro et
al. 20105 Zozaya et al. 2011; Moreira et al.
2001; Clavero et al. 2011).

It should be noted that our study had a
limited sample size, namely in the catego-
ries created in 2018 and 2019 that subdi-
vided those that were planned in 2017. This
organization resulted from an unpredictable
event after the first data collection in 2017,
two forest fires. However, these catastrophes
resulted in a very unusual natural experi-
ment to occur in areas with previously col-
lected data for which we could not miss the
opportunity to collect data in the following
two years. Despite the limited sample size,
our results show that maintaining riparian
galleries with native vegetation inside euca-
lyptus plantations in central Portugal allows
protecting a bird community similar to that
of regional native forests, besides favouring
recovery after wildfires. Considering the very
low proportion of riparian galleries currently
found in eucalyptus plantations, we suggest
mimicking their effect using stripes of native
vegetation (e.g., Quercus spp.). Increasing
the connectivity of these strips may allow
promoting some bird species with very low

14

population densities (Beier and Noss 1998),
such as the Common Chiffchaff (Phyllosco-
pus collybita) and Dunnock (Prunella modu-
laris) that have their distribution limit in our
study area. Serving as refuge for birds, native
riparian galleries in eucalyptus plantations
may also be contributing for ecosystem func-
tioning. Many bird species found in these
galleries are insectivorous and thus have the
potential to control pests, namely some of
those causing the decline of neighbouring
oak tree forests (Pereira et al. 2019). Outside
the breeding season, the two most abundant
species (Blackcap and Robin) are also the two
most important seed dispersers in the Medi-
terranean region (Costa et al. 2018; Sampaio
et al. 2021). Connectivity of native vegeta-
tion corridors may be ensured by frugivo-
rous birds which developed mutualist rela-
tionships with native plants to increase their
spread through seed dispersal (Almeida et
al. 2021; Pereira et al. 2022). Finally, restor-
ing native riparian galleries in the Mediter-
ranean region is urgent not only to recover
ecosystem functions and services, but also to
halt the spread of invasive species that may

further compromise ecosystems (Deus et al.
2019; Pereira et al. 2017).

We are grateful to Ana Diniz Sampaio for
fieldwork support.

Almeida, A. P., Gomes, M., Rabaca, J. E., &
Ramos, J. A. (2021). Songbirds promote
connectivity between riparian galleries and

adjacent habitats. Ecological Research,
36(1),45-56.

Alves, A. M., Pereira, J. S., & Silva, J. M. N.
(eds.) (2007). O eucalipto em Portugal -
impactes ambientais e investigagao cienti-
fica. ISA Press, Lisboa.



Galerias ripicolas como reftigio para aves em plantagoes atingidas por incéndios florestais

Atiénzar, F.,, Belda, E. J., & Barba, E. (2013).
Coexistence of Mediterranean tits: A
multidimensional approach. Ecoscience,
20(1), 40-47.

Battisti, C., Ukmar, E., Luiselli, L., & Bolo-
gna, M. (2008). Diversity/dominance dia-
grams show that fire disrupts the evenness
in Mediterranean pinewood forest bird
assemblages. Community Ecology, 9(1),
107-113.

Bayle, G. K. (2019). Ecological and social
impacts of eucalyptus tree plantation on
the environment. Journal of Biodiversity

Conservation and Bioresource Manage-
ment, 5(1), 93-104.

Beier, P., & Noss, R. F. (1998). Do habitat
corridors provide connectivity? Conserva-
tion Biology, 12(6), 1241-1252.

Botequim, B., Garcia-Gonzalo, J., Marques,
S., Ricardo, A., Borges, J. G., Tome, M., &
Oliveira, M. M. (2013). Developing wild-
fire risk probability models for Eucalyptus
globulus stands in Portugal. iForest-Bio-
geosciences and Forestry, 6(4), 217-227.

Bohada-Murillo, M., Castano-Villa, G. J., &
Fontuarbel, F. E. (2020). The effects of for-
estry and agroforestry plantations on bird
diversity: A global synthesis. Land Degra-
dation & Development, 31(5), 646-654.

Brotons, L., Pons, P., & Herrando, S. (20035).
Colonization of dynamic Mediterranean
landscapes: where do birds come from
after fire? Journal of biogeography, 32(5),
789-798.

Brus, R., Potzelsberger, E., Lapin, K., Brundu,
G., Orazio, C., Straigyte, L., & Hasenauer,
H. (2019). Extent, distribution and origin
of non-native forest tree species in Europe.
Scandinavian Journal of Forest Research,
34(7), 533-544.

Calvifio-Cancela, M. (2013). Effectiveness of
eucalypt plantations as a surrogate habi-
tat for birds. Forest Ecology and Manage-
ment, 310, 692-699.

Camprodon, J., & Brotons, L. (2006). Effects
of undergrowth clearing on the bird com-
munities of the Northwestern Mediter-
ranean Coppice Holm oak forests. For-
est Ecology and Management, 221(1-3),
72-82.

Castano-Villa, G. J., Estevez, J. V., Guevara,
G., Bohada-Murillo, M., & Fonturbel, F.
E. (2019). Differential effects of forestry
plantations on bird diversity: A global
assessment. Forest Ecology and Manage-
ment, 440, 202-207.

Castro, J., Moreno-Rueda, G., & Hodar, J. A.
(2010). Experimental test of postfire man-
agement in pine forests: impact of salvage
logging versus partial cutting and nonin-
tervention on bird-species assemblages.
Conservation Biology, 24(3), 810-819.

Catry, FE. X., Moreira, E, Deus, E., Silva, ]. S.,
& Aguas, A. (2015). Assessing the extent
and the environmental drivers of Eucalyp-
tus globulus wildling establishment in Por-

tugal: results from a countrywide survey.
Biological Invasions, 17(11), 3163-3181.

Catry, F. X., Moreira, F,, Tujeira, R., & Silva,
J. S. (2013). Post-fire survival and regen-
eration of Eucalypius globulus in forest
plantations in Portugal. Forest Ecology
and Management, 310, 194-203.

Clavero, M., Brotons, L., & Herrando, S.
(2011). Bird community specialization,
bird conservation and disturbance: the
role of wildfires. Journal of Animal Ecol-
ogy, 80(1), 128-136.

Copernicus Emergency Management Service.
(n.d.). Retrieved August 02, 2019 from
https://femergency.copernicus.eu/



Riparian galleries as bird refuges in plantations hit by wildfires

Costa, J. M., Ramos, J. A., da Silva, L. P,
Timoéteo, S., Andrade, P., Aradjo, P. M.,
Carneiro, C., Correia, E., Cortez, P., Fel-
gueiras, M., Godinho, C., Lopes, R. ].,
Matos, C., Norte, A. C., Pereira, P. E,
Rosa, A., & Heleno, R. H. (2018). Rewir-
ing of experimentally disturbed seed dis-
persal networks might lead to unexpected
network configurations. Basic and Applied
Ecology, 30, 11-22.

De la Hera, L., Arizaga, J., & Galarza, A.
(2013). Exotic tree plantations and avian
conservation in northern Iberia: a view
from a nest-box monitoring study. Ani-
mal Biodiversity and Conservation, 36(2),
153-163.

Deus, E., Silva, J. S., Larcombe, M. J., Catry,
E X., Queir6s, L., dos Santos, P., Matias,
H., Aguas, A., & Rego, F. C. (2019). Inves-
tigating the invasiveness of Eucalyptus
globulus in Portugal: site-scale drivers,
reproductive capacity and dispersal poten-
tial. Biological Invasions, 21(6), 2027-
2044.

Fernandes, P. M., Guiomar, N., & Rossa, C.
G. (2019). Analysing eucalypt expansion
in Portugal as a fire-regime modifier. Sci-
ence of the Total Environment, 666, 79-88.

Ferreira, V., Larranaga, A., Gulis, V., Basa-
guren, A., Elosegi, A., Graga, M. A., &
Pozo, J. (2015). The effects of eucalypt
plantations on plant litter decomposition
and macroinvertebrate communities in

Iberian streams. Forest Ecology and Man-
agement, 335, 129-138.

Fork, S., Woolfolk, A., Akhavan, A., Van
Dyke, E., Murphy, S., Candiloro, B., New-
berry, T., Schreibman, S., Salisbury, J., &
Wasson, K. (2015). Biodiversity effects
and rates of spread of nonnative eucalypt

woodlands in central California. Ecologi-
cal Applications, 25(8), 2306-2319.

Giubbina, M. FE, Martensen, A. C., &
Ribeiro, M. C. (2018). Sugarcane and
Eucalyptus plantation equally
the movement of two forest-dependent

understory bird species. Austral Ecology,
43(5), 527-533.

limit

Goded, S., Ekroos, J., Dominguez, ]J.,
Azcarate, J. G., Guitidn, J. A., & Smith,
H. G. (2019). Effects of eucalyptus plan-
tations on avian and herb species rich-
ness and composition in North-West
Spain. Global Ecology and Conservation,
€00690.

Gongalves, A. C., & Sousa, A. M. (2017).
The fire in the Mediterranean region: a
case study of forest fires in Portugal. B.
Fuerst-Bjelis, (Ed.), Mediterranean iden-
tities. IntechOpen (2017), 305-335.

Hanane, S., Cherkaoui, S. I., Magri, N., &
Yassin, M. (2019). Bird species richness
in artificial plantations and natural for-
ests in a North African agroforestry sys-

tem: assessment and implications. Agro-
forestry Systems, 93(5), 1755-1764.

Herrando, S., Brotons, L., & Llacuna, S.
(2003). Does fire increase the spatial
heterogeneity of bird communities in
Mediterranean landscapes? Ibis, 145(2),
307-317.

Hoelzel, A. R. (1989). Territorial behaviour
of the robin Erithacus rubecula: the
importance of vegetation density. Ibis,
131(3), 432-436.

Iezzi, M. E., Cruz, P., Varela, D., De Angelo,
C., & Di Bitetti, M. S. (2018). Tree
monocultures in a biodiversity hotspot:
Impact of pine plantations on mammal
and bird assemblages in the Atlantic For-
est. Forest Ecology and Management,
424,216-227.



Galerias ripicolas como reftigio para aves em plantagoes atingidas por incéndios florestais

Jacoboski, L. 1., & Hartz, S. M. (2020). Using
functional diversity and taxonomic diversity
to assess effects of afforestation of grassland
on bird communities. Perspectives in Ecol-
ogy and Conservation, 18(2), 103-108.

Lenth, R., Singmann, H., Love, J., Buerkner, P.,
& Herve, M. (2018). Emmeans: Estimated
marginal means, aka least-squares means. R
package version, 1(1), 3.

Lourenco, R., Pereira, P. E, Oliveira, A.,
Ribeiro-Silva, J., Figueiredo, D., Rabaga, J.
E., Mira, A. & Marques, J. T. (2021). Effect
of vineyard characteristics on the functional
diversity of insectivorous birds as indicator
of potential biocontrol services. Ecological
Indicators, 122, 107251.

Liddle, A. R., Mukherjee, P., & Parkinson, D.
(2009). Model selection and Multi-model
Inference. In Bayesian Methods in Cosmol-
ogy (2nd). Springer. pp. 79-98 https://doi.
org/10.1017/CBO9780511802461.005

Maia, P, Keizer, J., Vasques, A., Abrantes, N.,
Roxo, L., Fernandes, P., Ferreira, A., &
Moreira, F. (2014). Post-fire plant diver-
sity and abundance in pine and eucalypt
stands in Portugal: Effects of biogeography,
topography, forest type and post-fire man-

agement. Forest Ecology and Management,
334, 154-162.

Meneses, B. M., Reis, E., & Reis, R. (2018).
Assessment of the recurrence interval of
wildfires in mainland Portugal and the iden-
tification of affected LUC patterns. Journal
of Maps, 14(2),282-292.

Molina-Terrén, D. M., Xanthopoulos, G.,
Diakakis, M., Ribeiro, L., Caballero, D.,
Delogu, G. M., Viegas, D. X., Silva, C. A,
& Cardil, A. (2019). Analysis of forest fire
fatalities in southern Europe: Spain, Portu-
gal, Greece and Sardinia (Italy). International
Journal of Wildland Fire, 28(2), 85-98.

17

Moreira, E, Ferreira, P. G., Rego, F C., &
Bunting, S. (2001). Landscape changes
and breeding bird assemblages in north-

western Portugal: the role of fire. Land-
scape Ecology, 16(2), 175-187.

Moreira, E, Ferreira, A., Abrantes, N., Catry,
E, Fernandes, P., Roxo, L., Keizer, J. J.,
& Silva, J. (2013). Occurrence of native
and exotic invasive trees in burned pine
and eucalypt plantations: implications
for post-fire forest conversion. Ecological
Engineering, 58, 296-302.

Moreira, F., Viedma, O., Arianoutsou, M.,
Curt, T., Koutsias, N., Rigolot, E., Barbati,
A., Corona, P., Vaz, P., Xanthopoulos, G.,
Mouillot, E. & Bilgili, E. (2011). Land-
scape-wildfire interactions in southern
Europe: implications for landscape man-
agement. Journal of Environmental Man-
agement, 92(10), 2389-2402.

Parente, J., & Pereira, M. G. (2016). Struc-
tural fire risk: the case of Portugal. Science
of the Total Environment, 573, 883-893.

Pastro, L. A., Dickman, C. R., & Letnic, M.
(2014). Fire type and hemisphere deter-
mine the effects of fire on the alpha and
beta diversity of vertebrates: a global

meta-analysis. Global Ecology and Bioge-
ography, 23(10), 1146-1156.

Peach, W. J., Denny, M., Cotton, P. A., Hill, I.
E, Gruar, D., Barritt, D., Impey, A., & Mal-
lord, J. (2004). Habitat selection by song
thrushes in stable and declining farmland

populations. Journal of Applied Ecology,
41(2), 275-293.

Pedley, S. M., Barbaro, L., Guilherme, ]. L.,
Irwin, S., O’Halloran, J., Proenca, V., & Sul-
livan, M. J. (2019). Functional shifts in bird
communities from semi-natural oak forests

to conifer plantations are not consistent
across Europe. PLoS one, 14(7), €0220155.



Riparian galleries as bird refuges in plantations hit by wildfires

Pereira, P., Godinho, C., Gomes, M., &
Rabaga, J. E. (2014). The importance of
the surroundings: are bird communities
of riparian galleries influenced by agro-
forestry matrices in SW Iberian Peninsula?
Annals of Forest Science, 71(1), 33-41.

Pereira, P. E, Godinho, C., Vila-Vigosa, M.
J., Mota, P. G., & Lourenco, R. (2017).
Competitive advantages of the red-billed
leiothrix (Leiothrix lutea) invading a pas-
serine community in Europe. Biological
Invasions, 19(5), 1421-1430.

Pereira, P. F, Godinho, C., Lopes, C., &
Lourenco, R. (2022). Seed Dispersal by
an Invasive Exotic Bird in Europe. Ardea,
110(3), 1-8.

Pereira, P. E, Lourenco, R., Lopes, C.,
Oliveira, A., Ribeiro-Silva, J., Rabaca, ].
E., Pinto-Correia, T., Figueiredo, D., Mira,
A., & Marques, J. T. (2019). The influence
of management and environmental fac-
tors on insect attack on cork oak canopy.
Forest Ecology and Management, 453,
117582.

Poirazidis, K., Chaideftou, E., Martinis, A.,
Bontzorlos, V., Galani, P., & Kalivas, D.
(2017). Temporal shifts in floristic and
avian diversity in Mediterranean pine for-
est ecosystems under different fire pres-
sure: The island of Zakynthos as a case
study. Annals of Forest Research, 61(1),
19-36.

Proenga, V. M., Pereira, H. M., Guilherme, ].,
& Vicente, L. (2010). Plant and bird diver-
sity in natural forests and in native and
exotic plantations in NW Portugal. Acta
Oecologica, 36(2),219-226.

Ringhofer, M., & Hasegawa, T. (2014). Social
cues are preferred over resource cues for
breeding-site selection in Barn Swallows.
Journal of Ornithology, 155(2), 531-538.

Sampaio, A. D., Pereira, P. E, Nunes, A., Cle-
mente, A., Salgueiro, V., Silva, C., Mira, A.,
Branquinho, C., & Salgueiro, P. A. (2021).
Bottom-up cascading effects of quarry
revegetation deplete bird-mediated seed
dispersal services. Journal of Environmen-
tal Management, 298, 113472.

Santana, J., Porto, M., Gordinho, L., Reino, L.,
& Beja, P. (2012). Long-term responses of
Mediterranean birds to forest fuel manage-
ment. Journal of Applied Ecology, 49(3),
632-643.

Santos, A., Fernandes, M. R., Aguiar, E C.,
Branco, M. R., & Ferreira, M. T. (2018).
Effects of riverine landscape changes on
pollination services: A case study on the
River Minho, Portugal. Ecological Indica-
tors, 89, 656-666.

San-Miguel-Ayanz, J., Durrant, T., Boca, R.,
Liberta, G., Branco, A., de Rigo, D., Ferrari,
D., Maianti, P., Artés Vivancos, T., Costa,
H., Lana, E, Loffler, P, Nuijten, D., Ahl-
gren, A.C., & Leray, T. (2018) Forest fires
in Europe, Middle East and North Africa
2017. EUR 29318 EN, ISBN 978-92-79-
92831-4. https://doi.org/10.2760/663443

Silva, L. P., Heleno, R. H., Costa, J. M., Valente,
M., Mata, V. A., Gongalves, S. C., Silva, A.
A., Alves, J., & Ramos, J. A. (2019). Natu-
ral woodlands hold more diverse, abundant,
and unique biota than novel anthropogenic
forests: a multi-group assessment. European

Journal of Forest Research, 138(3),461-472.

RC Team (2013). R: A language and environ-
ment for statistical computing.

Tererai, F., Gaertner, M., Jacobs, S. M., & Rich-
ardson, D. M. (2013). Eucalyptus invasions
in riparian forests: effects on native vegeta-
tion community diversity, stand structure
and composition. Forest Ecology and Man-
agement, 297, 84-93.



Galerias ripicolas como reftigio para aves em plantagoes atingidas por incéndios florestais

Turco, M., Jerez, S., Augusto, S., Tarin-Car-
rasco, P., Ratola, N., Jiménez-Guerrero,
P., & Trigo, R. M. (2019). Climate driv-
ers of the 2017 devastating fires in Portu-
gal. Scientific Reports, 9(1), 1-8.

Ukmar, E., Battisti, C., Luiselli, L., & Bolo-
gna, M. A. (2007). The effects of fire
on communities, guilds and species of
breeding birds in burnt and control pine-
woods in central Italy. In Biodiversity
and Conservation in Europe (pp. 45-58).
Springer, Dordrecht.

Uva, J. S. (2019). 6° Inventario Florestal
Nacional: 2015 Relatério Final. Instituto
da Conserva¢io da Natureza e das Flor-
estas, Lisboa.

Van Balen, J. H., Booy, C. J. H., Van
Franeker, J. A., & Osieck, E. R. (1982).
Studies on hole-nesting birds in natural
nest sites. Ardea, 70(1), 1-24.

Wang, C., Zhang, W., Li, X., & Wu, J.
(2022). A global meta-analysis of the
impacts of tree plantations on biodiver-

19

sity. Global Ecology and Biogeography,
31(3), 576-587.

Wickham, H., Chang, W., & Wickham, M. H.
(2016). Package ‘ggplot2’. Create elegant
data visualisations using the grammar of
graphics. Version, 2(1), 1-189.

Yang, X., Li, D., McGrouther, K., Long, W.,
Li, Y., Chen, Y., Lv, X., Niazi, N. K., Song,
Z. & Wang, H. (2017). Effect of Eucalyp-
tus forests on understory vegetation and

soil quality. Journal of Soils and Sedi-
ments, 17(9), 2383-2389.

Zahn, A., Rainho, A., Rodrigues, L., &
Palmeirim, J. M. (2009). Low macro-ar-
thropod abundance in exotic Eucalyptus
plantations in the Mediterranean. Applied

Ecology and Environmental Research,
7(4),297-301.

Zozaya, E. L., Brotons, L., & Vallecillo, S.
(2011). Bird community responses to veg-
etation heterogeneity following non-direct

regeneration of Mediterranean forests
after fire. Ardea, 99(1), 73-84.



