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New insights on the understanding
of forest fires impact in the
Canary Islands pine forest
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Abstract. Pine forest in the Canary Islands is mainly dominated by Pinus canariensis, the
only species in this genus endemic i oceanic islands. This forest is the most affected by
fires in the Archipelago, however adults of P. canariensis are highly adapted to fire. Key-
processes in ecosystem maintenance such as long term post-fire regeneration dynamic and
ecosystem recovery have not been deeply studied. The IEBG kad, developed in recent years
several researches abouf dynamic of Canarian pine forest under fire regimens in Tenerife,
La Palma and Gran Canaria. Despite adaptations to fire, sexual regeneration of P. canar-
iensis not dependent on fire and appears to be adapted ratherto phenomena involving the
disappearance of adults, such as high winds or colonization of new habitats. Fires also
change understory conditions allowing a progressive inflow of herbaceous species that
were not part of the ecosystem before the fire. In less than 10 years, these species are dis-
placed by ecosystem mature vegetation. The invertebrate fauna dependent on the Canar-
ian pine mulehy is also affected by fires, wich reduces it richness, abundance and composi-
tion. However, and because to the overall ecosystem is adapted to this type of disturbance,
these effects are mitigated also in less than 10 years.
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Introduction

The endemic Canarian pine (Pinus canariensis) is the only native pine of the Ca-
nary Islands. This species can reach 30 m high, with a maximum of more than
50m, and can live for more than 800 years (GENOVA and SANTANA, 2006). Ge-
netic studies have shown the close relationship existing between the Canarian
pine withcurrent Mediterranean pines (P. brutia, P. halepensis, P. heldreichii, P.
pinaster and P. pinea) and the Himalayan P. roxburghii (LISTON et al., 1999; WANG
et al., 1999; GERNANDT et al., 2005). Within the Mediterranean pine group, Canary
pine is the species with more adaptations to resist fires, combining strategies that
ensure both population resilience and individual survival. Some of the most re-
markable adaptations to fire of Canarian pine are the sprouting ability after fire,
unique among European pines, and the presence of serotine cones (CLIMENT et
al., 2004).

The species natural distribution is restricted to the highest Canary Island, (Ten-
erife, La Palma, Gran Canaria, El Hierro and La Gomera) (DEL ARCO et al., 1997).
However, a P. canariensis like fossil appeared throughout the Tethys basin during
Miocene, from Iberia to Turkey, and the oldest fossil in the Canars is 13 d
(KASAPLIGIL, 1976; MILLAR, 1993; GARCIA-TALAVERA et al., 1995; MORLA et al.,
2002). It is not clear why this high tolerant paleo-endemism disappeared from
the Mediterranean basin. It was traditionally assumed that P. canariensis disap-
peared from its ancient distribution during the Plio-Pleistocene period due to its
low tolerance to freezing temperatures (SAKAI 1971). However, the latest fossils
of P. canariensis from the Plio-Pleistocene boundary appears in areas where tem-
peratures probably did not fall below - 5°C (Greece or Turkey), which could be
tolerated by P. canariensis (KOVAR-EDER, 1987; BOYD, 2009). Although P. canar-
iensis could have survived in these regions, its regeneration mechanisms would
have been a disadvantage compared to obligate seeders pine species, which have
amuch higher seed production, faster growing rate and lower light requirements,
in the same way that today P. halepensis invades areas occupied by pine trees with
a more limited seed production and higher light requirements (GANATSAS and
THANASIS, 2010).

Prehistoric human influence in the pine forest in the Archipelago is poorly un
known and only recently fossil micro-charcoal analyses revealed increased forest
fire regimen, since human arrived around 1000 BC in Tenerife (DE NASCIMENTO
et al., 2009). After Europeans arrival during XV century, an intensive logging be-
gan, modifying deeply insular ecosystems (PARSONS, 1981). Reforestation and
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conservation polities have been accomplished since the second half of the past
century, reestablishing most of the potential area and connectivity of this eco-
system (AREVALO et al., 2010). Considering that the Mediterranean pine forest
is one of most flammable ecosystem, in the region and the best adapted to forest
fires, post-fire regeneration and ecosystem dynamics of P canariensis haebeen
poorly studied compared with other Mediterranean fire resistant pines such as P.
halepensis, P. brutia or P. pinaster . This paper summarizes the recent studies by the
Island Ecology and Biogeography Group of La Laguna University in natural and
reforested stands in Tenerife, La Palma and Gran Canaria (Canary Islands). We
first addressed relevant aspects of forest dynamics of Pis#s, canariensis unknown
until now: natural and long-term post-fire regeneration dynamics, the understory
and the arthropods fauna. An overall view from the dynamic process of Canar-
ian ping will provide useful information for forest management in the Canary

Islands.

Pinus canariensis post-fire regeneration

Sexual regeneration in Canarian pine hewe been studied addressing the effects of
fires at short and medium-term, due to the high frequency of fires occurring in
the pine forest (HOLLERMANN, 2000; AREVALO et al., 2001). Presence of serotine
cones in P. canariensis has lead to consider spatial and temporal pattern of seed
rain mainly from a fire-related point of view (CLIMENT et al., 2004). However,
MENDEZ (2010) and OTTO et al. (2012) found gseed release throughout the year
but increasing dramatically in summer, probably due to high temperatures. Con-
sequently, seeds will be available for germination throughout the year (Fig. 1).
These released seeds show low germination rates in comparison with controlled
conditions, 2-18% of available seeds output versus 20-80% in laboratory (ESCU-
DERO et al., 2002; GARCIA-DOMINGUEZ, 2011). Many environmental factors affect
this field germination rate, mainly rainfall and adults density, and germination
shows a unimodal curve in response to time elapsed after fire (Fig. 2). Although
we have not yet performed an experiment to confirm it, we hypothesize that early
after fire, surviving adult pines invests mainly in the recovery of photosynthetic
and woody tissues to the detriment of reproductive structures. Consequently, the
seeds released will have reduced viability and low germination (KEELEY and ZE-
DLER, 1998). Viability is recovering gradually until 13 years after, where compe-
tition among adults for light or space would begin to be, resulting in lewerirng
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of seed production and germination. Some studies show how soil nutrients, i.e.
phosphorous, increase gradually after fire (DURAN et al., 2008) coinciding with
the increase of pine germination.

Mortality of seedlings is particularly intense during the first months of life,
although the probability to survive depends on the season of germination (MEN-
DEZ, 2010). Seedlings could live at least for five years if they overcome this initial
phase (Fig. 3), maintaining its seedling stage without promotion to advanced on-
togenetic phases. During this time, seedlings invest in developing the root system
that will provide more water to the plant allowing its survival during drought
events (CLIMENT et al., 2011). This growth delay is known as “Oskar syndrome”,

considered as the ability of seedlings to survive under the forest canopy until
its opening creates the appropriate conditions for a faster growing (HIBBS and
FISCHER, 1979; SILVERTOWN, 1982). The succession and coexistence of different
age cohorts, together with the constant provision of seeds ensures a permanent
seedling bank throughout the year, which enables the response of the community
to different perturbations.
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Figure 1 - Boxplot of seasonal distribution of Pinus canariensis seed rain (seed/m?). Letters shows
significant differences using permutational analysis of variance (PERMANOVA) with p<0.05. Boxes
shows quartiles 1 to 3, the center lines represent the median and intervals indicate the range of 95% of
cases. Circles shows outliers values; asterisks shows extreme values.
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Figure 2 - Pattern of germination rate of P. canariensis with time elapsed after fire. Curves were ob-
tained from the generalized additive model (GAM). Dashed lines indicate 95% confidence intervals
(MENDEZ et al., in preparation).
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Figure 3 - Average Kaplan-Meier survival curve of Pinus, canariensis seedlings in natural stands of
La Palma Island (Canary Island) (MENDEZ, 2010). Curve shows instantaneous survival probability.
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Post-fire recovery of the Canarian pine forest

Within a single fire event, intensity varies greatly on a landscape scale, due to
topography, fuel accumulation, or microclimatic conditions, determining the ex-
tent of changes on vegetation and soils (TAKAOKA and SASA, 1996; MILLER and
URBAN, 2000). The result is a mosaic of patches with different abiotic and biotic
characteristics (TURNER et al., 1994).

Low-intensity fires can increase the amount and availability of soil nutrients,
as well as reduce competition among understory species, enhancing an increase
of productivity. However, these fires rarely cause significant damages on adult
pines. In turn, high-intensity fires may decrease nutrient content in the ecosys-
tem, erode soils and drastically reduce biomass from both the understory and
the canopy. This is the case for most of Mediterranean pine forests, where burned
trees die and regeneration depends exclusively on seeds stored on serotine cones
(TAPIAS et al., 2001). Recovery in these ecosystems takes several decades.

Due to thick bark and sprouting ability, fires very rarely kill adult Canarian
pine trees, even after high-intensity fires. Thus, the most significant effect of fire
on Canarian pine tree is the removal of needles resulting in a temporary opening
of the canopy, changing the understory light conditions during the short period
lasting the canopy recovery. Regardless of fire intensity, understory vegetation
might be severely damaged. Nutrient availabilities also varies after fire in Canar-
ian pine forests (DURAN et al., 2008; RODRIGUEZ et al., 2009). All these modifi-
cations in the understory affect species richness and composition (DUCEY et al.,
1996; AREVALO et al., 2001; KUENZI et al., 2008; SABO et al., 2009).

Two to four years after fire, species richness begins to increase (Fig. 4). The
first species to appear are mainly annual shade-intolerant plants absent in the un-
derstory composition before the fire (Vicia sp., Tolpis sp.). The number of woody
species increases rapidly only afew months after the fire (AREVALO et al., 2001;
MORALES, 2010; GARCIA-DOMINGUEZ, 2011). This fast recovery of understory
species can be explained by different types of fire adaptations present in many
native woody species, as the resprouting ability in Erica arborea or a fire-induced
germination in Adenocarpus spp. or Cistus spp. (HOLLERMANN, 2000). Ten years
after fire, the canopy is completely recovered and woody species cover most of
the understory replacing herbaceous species (MORALES, 2010).

Fires have been considered responsible for favouring exotic species in forests
(CRAWFORD et al., 2001; FLOYD et al., 2006). However, we have not found a re-
lationship between the number of exotic species and fires in Canarian pine for-
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est (GARCIA-DOMINGUEZ and FERNANDEZ-PALACIOS, 2009). Only exotic annual
species increase soon after fire (Fig. 4), but they disappear when the canopy is
restored to the original conditions (MORALES, 2010).
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Figure 4 - Species richness of understory species (woody and herbaeess native species, and herba-
ceous exotic species) with time elapsed after fire (MORALES, 2010).

Diversity recovery of leaf-litter arthropods after a fire

Wildfires can significantly affect animal communities of leaf-litter layers, both di-
rectly by the death of those species unable to escape the fire or indirectly by chang-
ing their habitat conditions. The disappearance of critical organisms, such as, nec-
rophagous, pollinators or decomposers, may significantly delay forest recovery
(BOER, 1989). MORALES (2010) found that re-colonization process following fire
can be divided in three stages (Fig. 5). The first stage, 2-3 years following fire is
characterized by a low abundance and a-richness (number of species per surface
area), mainly due to the direct fire effects. Conversely, B-richness, a measure of the
species turnover, is high as shown in other studies (APIGIAN et al., 2006; FERREN-
BERGetal.,2006). Increase in f-richness may be explained by a higher spatial hetero-
geneity due to fire, which allow, the coexistence of characteristic species of the ma-

ture un-burned zone with pioneer species in the affected areas (KNAPP et al., 2005).
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This stage coincides with the first stages of the secondary succession, when the
species richness of the understory is growing, which may also favour the increase
in arthropods B-richness (FERRENBERG et al., 2006).

After a fire, the first groups appearing are those able to avoid the fire by flee-
ing or by burying in the soil and avoiding high temperatures. Hymenoptera and
Arachnida are the first groups in appear, together with introduced species, as in
other forest areas (ANDERSEN and YEN, 1985; SULLIVAN et al., 2003; RODRIGO and
RETANA, 2006). In this case, there were two introduced species of isopods, which
may act as opportunist species taking advantage on the first months after fire. In
forest areas, Coleoptera use, to appear during the first stages of colonization, how-
ever in Canarian pine forest this group only appear, the first year after fire (EHN-
STROM et al., 1995; GANZ et al., 2003; MCHUGH et al., 2003; SULLIVAN et al., 2003;
FERRENBERG et al., 2006). This may be result of most of the species of the group
being xylophagous. In other ecosystems several death trees remain after fire, but
in the Canarian pine forest most of the trees survive and most of the death wood
is consumed by fire, so there is not available wood until the fall of death branches,
which use to be related to strong winds or storms (SULLIVAN et al., 2003).

During the second stage there is an increase in a-richness and abundance, al-
though the community remain, variable, since a species turnover can still be ob-
served. The magnitude of the species turnover is lower than in the previous stage,
approaching to the mature community values. It is in this moment, 5 years after
fire, when pine forest start to be more stable regarding to environmental vari-
ables, having a canopy cover, net primary productivity, leaf-litter, organic matter
decomposition, and understory species richness and composition similar to pre-
burnt conditions, providing shelter and food to the invertebrate community of the
leaf-litter layer.

In the third stage, after seven years following fire, the arthropods commu-
nity is dominated by typical pine forest species, with seasonal changes in spe-
cies abundance and a-richness that do not result in changes at the order level.
B-richness remains stable, indicating that leaf-litter arthropods community has
reached a high degree of maturity. Some groups (Julida, Pulmonata, Coleoptera
and Araneae) remain stable at this point, probably because they have species that
exploit broad niches, supporting both local and seasonal variations.
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Figure 5 - Mean annual Alfa and Beta richness of litter invertebrates in a fire chronosequence in La
Palma Island, Canary Island (MORALES 2010).

Conclusions

We can conclude that sexual regeneration of Pis#s, canariensis is not affected by
fires unless these are intense enough to open the canopy completely, which is
something unusual in the Canarian pine forests. Sexual regeneration in this spe-
cies seems to be more adapted to events entailing the removal of adult trees, such
as strong winds or volcanic eruptions. Its ability to colonize recent soils (i.e. lava
flows) explains the invasive potential of P. canariensis, simultaneously being part
of pioneer and mature communities. For the first time the long-term wildfire ef-
fects on leaf-litter arthropods of the Canarian pine forest were studied, finding
that fire affects species richness, abundance and composition of the invertebrates
of the leaf-litter layer. However, since this ecosystem is extremely well fire-adapt-
ed effects on invertebrates are mitigated in relatively short time. We ignore if, in
the event of increasing fire frequency caused by humans, the Canarian pine will
be adapted enough to resist recurrent perturbations.
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