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Abstract

:

Fire is a powerful force that has shaped forests for thousands of years. It also provokes widespread social concern due to possible economic damage, social effects, impact on homes and properties, and other social effects including fatalities. Regions with seasonal variations in aridity have a fire regime dependent on climate resulting from the role of precipitation and temperature in fire occurrence, implying a synchrony of fire occurrence at regional scale. This spatial and temporal variation of fire regimes regulates the structure, diversity, regeneration dynamics, and nutrient cycle of an area. In the Canary Islands, fires are recurrent in pine forests, although their occurrence in the same area more than once within a 20-year period is rare. The main aim of this work is to reveal, over a 50-year period, fire occurrence and impact on the Canary Islands and how the islands are immersed in a “fire paradox”—a process typical of protected areas, where fire suppression becomes one of the main aims of forest management.
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1. Introduction


Some of the most common disturbances of forest ecosystems are forest fires [1]. These fires are considered as old as forests themselves, even occurring before the presence of humans. This was demonstrated with charcoal studies, which found evidence of forest fires 390 million years ago [2]. Natural causes of forest fires can include lightning as one of the most common, but also volcanic activity, among others. Indeed, natural fires have a regular impact on forest ecosystems [3]. However, human fire activity is the primary cause of wildfires in populated areas [3]. These wildfires generate a powerful force for species to evolve and adapt to these ecological disturbances. Consequently, forest fires cannot be considered, in general, a non-natural disturbance. Indeed, they should be perceived more as an intrinsic process—part of the dynamics of the ecosystem [4,5]—in which changes in fire recurrence or intensity due to human impact can be avoided in order to maintain the ecosystem steady state.



In the Canary Islands, fires are recurrent in pine forests, although they seldom occur in the same place more than once within a 20-year period [6]. A 15-year study on fire impact in the Canary Islands revealed that fire is not pernicious for natural ecological processes [7,8].



Fire has, for a long time, been an important subject of debate and a constant source of paradoxes; these arise from the apparent contradiction between its controlled use in everyday life to its threats to life and property as uncontrolled wildfires. One such contradiction and one of the most disruptive elements of ecological processes with respect to fire ecology is fire suppression specifically applied in non-commercial protected forest areas. The paradox is that “natural” fires burn a small number of hectares yearly; however, with current fire management, all fire is suppressed for years when possible. After 10–15 years (mainly enhanced by biomass accumulation, increase of fire-prone plant species, greater vertical biomass continuity, and appropriate weather conditions, all of which determine higher fire risk, both in terms of flammability and combustibility), catastrophic forest fires (>1000 ha) can burn in one single event, resulting in a similar number of hectares as would have burned naturally over that period [9,10] and endangering properties and local population.



In this study, we collected information, provided by the government of the Canary Islands, on the number of fires and surface area burned in the last 50 years. Our hypothesis is that, in the last 50 years, the pattern of forest fires in the Canary Islands follows a fire paradox model (Figure 1) of fire recurrence, due to an accumulation of biomass that causes a steady increase in fire risk and subsequent wildfire damage leading to larger and more intense burned areas.




2. Materials and Methods


2.1. Study Site


The natural distribution range of the Canarian pine forest (Figure 2) includes low-altitudinal sub-desert pine forest (almost at sea level) with less than 250 mm of rain per year, dry pine forests on southern slopes (350 to 500 mm of rain; 400 m altitude), sub-tropical cloud forests with more than 600 mm of rain per year (plus high throughfall due to mist capture), and high mountain stands reaching the timberline (1700 to 2100 m of altitude; <300 mm of rain), where frosts and snow occur in the winter. Pine forest surface areas range from 18 ha on the island of La Gomera or 2300 ha on El Hierro to 33,309 ha on the island of Gran Canaria (Figure 2). The dominant shrub species are Erica arborea, Adenocarpus viscosus, and Chamaecytisus proliferus. A high number of annual and ruderal species are present, especially in the plots close to trails or those affected by other disturbances [12].



The influence of wet trade winds from the northeast determines the different conditions, characteristic of the exposed and sheltered slopes on each island. In addition, annual rainfall increases from southeast to northwest, resulting in differences among the islands themselves (Gran Canaria is much drier than La Palma). All soils are of volcanic origin and, with the exception of recent volcanic soils, their evolution is closely related to climatic conditions.




2.2. Data and Methods


We collected information on forest fires for the entire Canary Islands archipelago from 1968–2017. The statistical information from these years is reliable and offers a period long enough to reveal evidence of the fire paradox hypothesis proposed in the introduction. Fires occurred mainly in pine forest and associated shrubland vegetation located under or surrounding the stand. Since 1968, the fires were accurately mapped and information was collected from all the official information on the webpage of the autonomous government of the Canary Islands (http://www.gobiernodecanarias.org/istac/). The latest information about forest fires that follows the same methodology (years 2016 and 2017) was obtained from the database of the Ministry of Agriculture of the government of Spain (http://www.mapama.gob.es/es/desarrollo-rural/estadisticas/Incendios_default.aspx).



We statistically and graphically described the information collected. In addition, we graphically represented the number of years per decade in which forest fire extensions were over 1000 ha. Also, differences of surface area burned per year among decades were analyzed using the Kruskal–Wallis test (p < 0.05). If significant differences were found, we used post hoc nonparametric Tukey tests.





3. Results and Discussion


The results of the information collected are presented in Figure 3. Compared to Figure 1, it is possible to establish that the Canary Islands are trapped in a fire paradox, with evidence of an increase in catastrophic fires (>1000 ha) occurring in the last 15 years. The real data represented graphically also showed similarities to the graphic model. The number of years with forest fires over 1000 ha per decade increased from two to five years in the last 50 years (Figure 4), and the years where over 7000 ha of forests burned all occurred in the last decade, except for 1983 (Figure 3). In spite of the increase of large fires, surface area burned/year per decade did not increase significantly (χ2 = 3.48, k = 5, non-significant).



From this information, we can speculate, among other causes, that long periods of fire suppression occurred. This suppression is mainly due to forest fragmentation and an increase in anthropogenic corridors that restrict fire progression (both of them avoid the progression of fire as used to happen in native and well-conserved stands). There was also an improvement in effectiveness of forest fire fighters (especially since the end of the 1990s with the creation of professional groups: PRESA (Firefighters unit of the island of Gran Canria), UME (Military Unit of Emergencies), and BRIFOR (Firefighters unit of the island of Tenerie, among others; before that, fire extinction work relied on groups of volunteers with a complete lack of preparation). However, these longer periods of fire suppression resulted in recurrently more catastrophic (more difficult to control, with more damage to properties or even harm to humans) and larger individual surface forest fires. The increase in population, gross domestic product, and tourist visitors [13] in the last seven decades can be considered elements that also contributed to these forest patterns (through building of infrastructures and landscape change producing fragmentation, increase in number of fires, long period of suppression, etc.). Moreover, although climate change can be considered one aspect that reinforces this pattern of forest fires, average temperatures on the island of Tenerife (as an indicator of temperature changes for the rest of the archipelago) increased by around 0.6 degrees in the last 70 years [14], in addition to a lack of extreme weather events, such as droughts or big floods. Because all of this, the contribution of weather to the forest fire pattern cannot be considered different this decade than to the previous one. Also, flammability did not change significantly in the last decades, as there were no big changes in landscape use, as reported by the administration (opendata.sitcan.es). The lack of change in this important process affecting the forest patterns resulted in no significant changes in the archipelago. However, there was no change in forest structure, leaving the “fire paradox” as one of the explanations of this pattern, although it is true that an increase of 0.25 °C in temperature [13] since the decade of the 1990s with respect to the new century may have had an influence on this pattern. It is also necessary to highlight that the number of droughts did not increase with respect to other periods before 1980 (www.aemet.es).



Some studies of this plant community revealed the positive effect of forest fires in ecological processes such as regeneration (increase in germination), litter nutrient mineralization, increase in native species richness, and favoring native species composition [4,8,15] or even control of exotic species [16,17]. Canarian pine forest stands were subjected to long-term degradation, especially since the European colonization of the islands [18]. Despite being the most extensive forest community of the islands, only 54% of the Canarian pine forest (60,678 ha) persists currently in its natural range and is highly fragmented [19]. Thus, a reduction in the fire rate can be considered as another cause of degradation of these forest stands. This situation is becoming more common, also in other areas like the southern states of the United States of America (USA) or Portugal, where fires are becoming more intense, despite burning fewer ha [10,20].



Based on the information provided, we argue that prescribed burning can operate not only as a management tool for fire prevention, but also as a tool for achieving ecological restoration objectives. Therefore, such a change in fire management practices should be implemented, encouraging active management through prescribed burning, as, from an ecological perspective, the Canarian pine forest has the ability to recover from fire effects in the short term. In fact, several studies demonstrated the positive or null impact of prescribed burning in ecological forest processes with respect to plant communities, favoring native plant communities, as well as enhancing germination of native pine and native micro-invertebrate species composition and richness [21,22].



Knowing that disturbances accelerate ecosystem succession and dynamics [23,24,25], we suggest that the regular occurrence of fires, based also on these results and previous studies [8] (less than 20 years ago), as internal ecosystem processes, will favor and accelerate the evolution of the pine forest toward a more natural system in the case of plantations and will help maintain ecological processes in the case of natural stands. Our recommendation, therefore, is that local authorities should consider prescribed burning as a valuable tool in order to avoid catastrophic fires that endanger property and even human lives (e.g., the recent fires on Gran Canaria in 2013 and La Gomera and Tenerife in 2012). Moreover, this would encourage active forest management through prescribed burning; since, from an ecological point, Canarian pine forests have the ability to recover from fire effects in the short term, this would have a positive impact on diversity and ecological processes.
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Figure 1. Conceptual model of forest fire patterns in developed and developing countries in the last five decades (bars are total surface hectares burned and the line indicates the number of fires) that follows the fire paradox hypothesis. Modified from the article by García-Domínguez (2010) [11]. 
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Figure 2. The Canary Islands and surface area of pine forest on the different islands with this forest stand. 
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Figure 3. Information on the number of fires (line) and total surface hectares burned (bars) for the Canary Islands (information provided by the government of the Canary Islands—Vicenconsejería de Política Territorial y Medio Ambiente and Ministerio de Agricultura del Gobierno de España). 
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Figure 4. Number of years per decade with forest fire extensions over 1000 ha. 
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