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Abstract: Pulse ecological events have major impacts on regional and global biogeochemical cycles,
potentially inducing a vast set of cascading ecological effects. This study analyzes the widespread
reproductive event of bamboo (Melocanna baccifera) that occurred in the Arakan Mountains (Southeast
Asia) from 2005 to 2011, and investigates the possible relationship between massive fuel loading due
to bamboo synchronous mortality over large areas and wildfire regime. Multiple remote sensing
data products are used to map the areal extent of the bamboo-dominated forest. MODIS NDVI time
series are then analyzed to detect the spatiotemporal patterns of the reproductive event. Finally,
MODIS Active Fire and Burned Area Products are used to investigate the distribution and extension
of wildfires before and after the reproductive event. Bamboo dominates about 62,000 km? of forest in
Arakan. Over 65% of the region shows evidence of synchronous bamboo flowering, fruiting, and
mortality over large areas, with wave-like spatiotemporal dynamics. A significant change in the
regime of wildfires is observed, with total burned area doubling in the bamboo-dominated forest area
and reaching almost 16,000 km?. Wildfires also severely affect the remnant patches of the evergreen
forest adjacent to the bamboo forest. These results demonstrate a clear interconnection between
the 20052011 bamboo reproductive event and the wildfires spreading in the region, with potential
relevant socio-economic and environmental impacts.

Keywords: bamboo; reproduction; wildfires; MODIS; Arakan; pulse event; food security;
biodiversity conservation

1. Introduction

The important role of pulse ecological events, defined as infrequent, large-magnitude, and
short-duration events of increased resource availability, on regional and global biogeochemical cycles
has been increasingly acknowledged in recent literature [1]. In this context, mast flowering, the massive
and synchronized flowering and fruiting of a plant species across large areas, can be considered a
typical pulse event, potentially inducing a vast set of cascading ecological effects [2]. Most masting
plant species are iteroparous (i.e., they flower several times during their life cycle), and have a
relatively short intermast interval (3-7 years) [3]. A noticeable exception is represented by several
woody bamboo species distributed in subtropical and temperate evergreen or deciduous forests [4],
which are semelparous (i.e., they flower once and die) and have typical intermast intervals between
20 and 60 years [5]. These bamboo species are characterized by aggressive rhizomatous growth and
develop large clonal clumps that may cover hundreds of square meters [6].
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A large-scale mast flowering event of the bamboo species Melocanna baccifera has been reported
starting from 2005 in the Arakan mountain range, which spans about 1000 km parallel to the eastern
edge of the Bengali gulf in Mainland Southeast Asia. Widespread and synchronous bamboo flowering
was described in several locations in Mizoram and Manipur (India), East Chittagong (Bangladesh),
Chin and Rakhine (Myanmar). Following the bamboo flowering and fruiting, there were extensive
reports of rodent outbreaks (also known as “rat floods”), causing serious damage to rice and other
crops, and leading to food insecurity across the region [7,8]. Similar events, locally called “mautam”,
were already documented in 1863, 1911, and 1959, with an approximate repeating cycle of 48 years [9].

Despite the wide environmental and food security significance of this event, most scientific and
public media attention has been addressed towards the rodent outbreak dynamics and impacts, while
studies on the spatial and temporal patterns of the reproductive events and other possible large scale
ecological consequences have been lacking. Considering the socio-economic centrality of the tropical
and sub-tropical forests for extremely vulnerable local communities [8], as well as their high value for
biodiversity conservation [10], a full understanding of the impacts of this pulse event is essential for
future land management and conservation planning.

Previous research suggested that the mass mortality of bamboo after fruiting could favor
fire ignition and propagation as a result of synchronous and widespread fuel load [11,12]. This
consideration was also one of the major arguments to sustain an explanation, known as ‘fire-cycle
hypothesis’, for the highly specific reproductive strategy of mast flowering and semelparity in
bamboos [11]. This hypothesis stimulated a strong debate [13,14], but only a few studies addressed the
possible linkage between mast flowering events and fire using empirical data, and most of them were
only at the local scale [15-17].

Long time series of satellite remote sensing data are now widely available for regional and
continental scale vegetation monitoring, and recent studies have demonstrated their potential for
mapping bamboo flowering, fruiting, and mortality in the Amazon [18]. In addition, a number
of algorithms and operational remote sensing products are now available for regional monitoring
of active fires and burned area dynamics [19,20]. This opens a unique opportunity to study the
interaction between bamboo mast flowering and wildfires during regional scale pulse events. Based
on these considerations, this study aims at analyzing time series of satellite data and derived burned
area/active fire products in the Arakan region to assess the spatial and temporal patterns of the
bamboo reproductive event, and to investigate possible impacts on wildfire regime. Specifically, the
following scientific questions are addressed:

(a) What is the extent and geographic distribution of the bamboo-dominated forest in Arakan?
(b) Which spatial and temporal dynamics characterized the bamboo reproductive event?
(c) Was the wildfire regime impacted by the bamboo reproductive event?

Given the reported dramatic effects on food security associated with the rodent outbreaks, which
followed this reproductive event, the production of regional maps of the bamboo-dominated forest
and of the dynamics of the reproductive event would provide key information not only to understand
the ecology of the event, but also for planning and coordinating future interventions to support
local communities and policy makers in adopting strategies to prevent crop damage and food
shortage. Moreover, under the hypothesis that wildfires could increase because of the enormous
fuel load generated by the synchronous mortality of bamboo, this could represent another important
consequence of the masting event, which so far has been poorly documented but poses a serious threat
to local populations and to ecosystems of high conservational value.

2. Materials and Methods

2.1. Study Area and Field Survey

The study area is located in the Arakan mountain range, which spans for about 1000 km parallel
to the eastern edge of the Bengali gulf from Cape Negrais, west of the Irrawaddy Delta, and the
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southern Manipur State of India, touching Myanmar (Rakhine and Chin), Bangladesh (Chittagong),
and India (Mizoram and Manipur) (Figure 1). Geologically, the Arakan mountain region belongs to the
northern portion of the Burmese-Java arc of the Himalaian system of folding, and it is characterized by
Cretaceous-Tertiary flysch sediments with basalt and ultramafic deposits and metamorphic rocks. The
terrain of the region is rugged, with steep slopes and elevation reaching over 3000 m (Mt. Victoria).
The region is characterized by a tropical monsoon climate, with precipitation concentrated between
the months of May and October. The mountains act as a barrier for the southwest monsoon rains,
generating a strong rainfall gradient between the western (over 3000 mm) and eastern (1000-3000 mm)
slopes. This gradient is also reflected in the vegetation distribution, which shifts from tropical evergreen
forest in the west to moist upper deciduous forest in the center and dry deciduous forests in the east.
Anthropic activities and intensive agriculture exert strong pressure on the environment, especially on
the east side of the region. At the same time, shifting cultivation is common everywhere.
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Figure 1. Study area. On the left, the study area border is evidenced on the mainland South East Asia
topographic map. On the right, the main administrative regions included in the study area are reported
(i.e., Rakhine and Chin-Myanmar, Chittagong-Bangladesh, Mizoram-India).

Bamboo species, such as Melocanna baccifera, Bambusa polimorpha, and Bambusa tulda, are widespread
in the study area. Bamboo-dominated forests have not been mapped as an independent class in previous
land cover maps of the region (e.g., [21-25]), as they are generally included in broader forest cover classes.
Although bamboo can be associated with other species in degraded forests or as part of the deciduous
and evergreen forest understory, very large and almost pure Melocanna baccifera stands are common in
the Arakan Mountains, especially in the southern portion of the area (Chin and Rakhine) [26].

To support satellite image analysis and interpretation, a field survey was carried out in
2013 in Southern Rakhine (i.e., Rakhine Yoma Elephant range) to collect ground information on
bamboo-dominated forest areas. The remoteness of the area did not allow a systematic validation
study, but qualitative observations along transects crossing the mountain range provided evidence of
very large areas dominated by young Melocanna baccifera plants with scattered trees, which could be
easily discriminated as an independent vegetation cover class. In addition, in all bamboo-dominated
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areas that were directly surveyed, the reproductive event was reported and evidence of recent fires was
found (i.e., burned bamboo stubbles) below the young bamboo canopy. This was confirmed further by
interviews with local farmers, reporting the bamboo reproductive event and subsequent large fires.

2.2. Bamboo Forest Mapping

The identification of forests dominated by Melocanna baccifera, as well as other land cover
typologies, has been performed by integrating different cartographic products and satellite imagery.
The forest map of South East Asia [21,22], obtained from classification of SPOT VEGETATION images
acquired between 1998 and 2000 with 1 km geometric resolution, was used as a reference for the
forest type classification of the study area before the bamboo reproductive event. Since the forest
map legend includes bamboo forest in a broader class (i.e., “Evergreen wood and shrubland and
regrowth mosaics”), the Landsat GEOCOVER mosaic 2000 product [27] was used to refine the
bamboo-dominated forest classification by visual interpretation of the mosaic at 1:250,000, exploiting
the distinct spectral features of bamboo mature forests [18] (cf. Figure S1). Finally, the potential
distribution map of the bamboo species [28,29] was used to define the border for the area dominated
by Melocanna baccifera. Overall, four vegetation cover classes were used for the purposes of this
study: bamboo-dominated forest, tropical evergreen forest (merging evergreen mountain forests and
evergreen lowland forests classes of [22]), deciduous forest (merging deciduous forests and deciduous
wood and shrubland and regrowth mosaics of [22]), and crops (other land class of [22]).

2.3. Bamboo Reproductive Event Detection

Previous studies demonstrated that different bamboo life stages determine clear spectral
reflectance variations, which allow their detection from MODIS and LANDSAT TM/ETM multispectral
imagery [18]. In this study, MODIS Normalized Difference Vegetation Index (NDVI) images were used
to detect the spatial and temporal dynamics of the bamboo reproductive event. Specifically, NDVI
time series between 2000 and 2014 generated by the BOKU (University of Natural Resources and
Life Sciences, Vienna, Austria) data service platform (http:/ /ivfl-info.boku.ac.at/, accessed on 1 July
2016) [30] were used. Among the options offered by the service, the combined MODIS TERRA /AQUA
(MOD13 and MYD13) smoothed NDVI time series with 16-day temporal frequency and 250 m spatial
resolution was selected for the study region. For smoothing and gap filling, the BOKU service
applies the Whittaker method, deemed accurate and computationally efficient for global-scale NDVI
analyses [31-33].

Mapping the bamboo reproductive event (i.e., flowering, fruiting, and mortality) was based on the
analysis of the phenological behavior of Melocanna baccifera forests during the reproductive season [9]
and on the consequent greenness variations. Figure 2 schematically illustrates the expected (Figure 2a)
and an example of the observed (Figure 2b) trajectories of greenness/NDVI during a non-reproductive
and a reproductive season. In addition, the seasonal frequency distribution of wildfires is shown
in Figure 2a. According to this conceptual model and observed NDVI time series, the presence of a
significant November /December NDVI negative anomaly, with respect to previous years, was selected
as an indicator of the ongoing reproductive event. This is the period when observed anomalies could
be clearly associated to the ongoing bamboo reproduction, with minimal expected impact of wildfires
on the signal.

Based on this assumption, the following steps were performed on the MODIS NDVI time series
to detect the reproductive event:

(i) Computation of November-December mean NDVI (NDVIyp).

(ii) Starting from the year 2005 (as no bamboo flowering was reported before 2005 [7-9], a t-test was
applied to identify statistically significant anomalies (p < 0.001) between NDVIyp of the year i
and mean and standard deviation of NDVIyp for the period 2000—year i — 1. These seasons
were marked as ‘reproductive seasons’.
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As mentioned in Section 2.1, logistic constraints did not allow collection of sufficient ground truth
data for a quantitative accuracy assessment of the map at a regional scale. However, to qualitatively
check the consistency of the reproductive event map with an independent data source, a dataset of
Landsat TM images acquired during the main reproductive years (i.e., 36 cloud-free images, path/row
133/48, 134/46-47, 135/44-45, acquired between November and February from 2005 to 2011) was
visually analyzed at 1:300,000 scale, following [18]. Despite the different scale of analysis (i.e., the
visual interpretation allow a lower detail in the detection of the reproductive patches), a very good
agreement was found in the extent, timing, and spatial patterns of the reproductive event.
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Figure 2. (a) Conceptual model of the expected variations in greenness during reproductive and
non-reproductive seasons. Wildfire monthly frequency distribution assessed from the active fire
MODIS product over the study area (see next paragraph) is also reported. b indicates the expected
November/December difference in NDVI during the reproductive season, the indicator used to detect
the event; (b) Examples of MODIS NDVI time series of bamboo-dominated forests in the case of
detected (red) and not detected (green) reproductive events. In the example, the detected reproductive
event occurred in late 2008 /beginning 2009.

2.4. Evaluation of Wildfire Temporal and Spatial Patterns

To investigate the spatial and temporal dynamics of wildfires before, during, and after the
reproductive event, the MODIS burned area (MCD45A1) [34] and active fire [35] products were used.
The burned area product provides monthly estimates of area burned at 500 m geometric resolution
by identifying rapid changes in daily surface reflectance associated to deposits of charcoal and ash,
reduction of vegetation cover, and vegetation structure modification [34]. The full-time series between
2000 and 2014 was analyzed.

The MODIS active fire products (MOD14 and MYD14) uses middle-infrared and thermal bands
to detect changes in brightness temperature associated with fire presence [35] at daily time intervals
and 1 km spatial resolution. Specifically, in this study, the global fire location product (MCD14ML)
in vector format was used to gather information on fire frequency and to provide further support to
results provided by the burned area product.

For the analysis of burned area patterns across different land covers, the generated land cover
raster layers were first converted to vector format and then overlaid to the MODIS burned area image
time series for spatial statistics’ computation. A similar approach was used for the active fire products,
but the latter being in vector format, the analysis was performed by selecting data point subsets
based on the spatial location and ‘year/month’ attributes. The different spatial resolutions of the data
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products used (i.e., from 250 m to 1 km) did not represent a major constraint for this analysis, as the size
of the reproductive event and burned area patches was much larger than the data spatial resolution.

3. Results and Discussion

3.1. Bamboo Forest Extent and Reproductive Event Dynamics

The use of multiple imaging products and of the Melocanna baccifera potential distribution map
allows for identification of the bamboo-dominated forest’s areal extent. According to this classification,
bamboo forests cover approximately 63,000 km? in the Arakan mountain range (Figure 3a). The central
and southern parts of the region, which are mainly composed of Rakhine and Chin, are characterized
by large continuous bamboo-dominated forests locally alternated with dense evergreen forest patches
and shifting cultivations. The northern part of the region, located in Chittagong and Manipur, is more
fragmented, especially in the northeastern portion. Bamboo forests are mainly located on the western
slopes of the mountain range, at elevations ranging approximately from 50 to 1050 m a.s.l. (Figure 3b).
This is the wetter side of the range due to the orographic effect, with rainfall ranging from 2000 to over
4000 mm per year [36,37]. The entire region is characterized by Cambisols: Dystric Cambisols in the
Chittagong Hill region and Western Mizoram, Humic Cambisols in Easter Mizoram and Chin, and
Ferralic Cambisols in Rakhine [38] (Figure 3c). These soils are moderately fertile, but they are also
prone to severe soil erosion, especially when located over steep slopes [39].
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Figure 3. Distribution of Melocanna baccifera (a) superimposed (white stripes) to the elevation map (b)
and the soil map (c) of the study region.

The spatial and temporal patterns of the reproductive event, as derived from the MODIS NDVI
analysis, are reported in Figure 4. First detectable flowering episodes occurred in 2005 in the northeast
corner of Manipur and in northern Rakhine. Then, between 2006 and 2009, widespread flowering took
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place all over the region. In 2010 and 2011 the last large bamboo patches flowered in the southernmost
portion of Arakan, mainly in Rakhine. Over these years, the large scale reproductive event affected
about 65% of the mapped bamboo area. These patterns are fully consistent with the ones evidenced by
local scale studies, which mainly focused on rodent outbreaks, reporting general information about
bamboo flowering in different areas [9]. The main region where there is no evidence of the occurrence
of the bamboo reproductive event is located in the northeastern portion of the study region. In this
area, the bamboo-dominated forest is more fragmented and may include different vegetation types
affecting the NDVI seasonal trajectory and hampering the detection of the event.

Reproductive event year
I:] Not observed

B 2005
B 2006
[ ]2007
[ 2008
[ 2009
[ 2010
2011
[]2012
[]2013

Bamboo-dominated forest

0 2550 100 150 200
[ = km

Figure 4. Map of the estimated year of occurrence of the bamboo reproductive event. For the main
reproductive seasons (i.e., 2006-2010) the NDVINp temporal trend is reported in Figure S2.

Reproductive events occurred synchronously (i.e., during the same season) over rather
homogeneous patches (Figure 4). Patch size was highly variable across the region and shows a
power-law distribution (cf. Figure S3). A few large patches (i.e., over 100 km?) represent over 60%
of the area, and the largest patch reaches over 3000 km?. The borders among adjacent patches were
generally sharp and well defined, similar to the results reported by [18], suggesting that populations
may be spatially exclusive. The spatial distribution of the reproductive event patches across elevation
does not show any regular temporal pattern (cf. Figure S4). Nevertheless, on average, 60% of patches
flowered in contiguous years, suggesting the possibility of a non-random distribution [18]. Although
the methodology applied in this study is not intended to map single bamboo populations, but only the
regional spatial patterns of the reproductive event, these results seems consistent with the flowering
wave hypothesis [40] to explain bamboo’s gregarious flowering spatial and temporal dynamics over
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large regions. Nevertheless, the event did not show any clear unidirectional spreading dynamic, but
followed more complex spatial patterns [18,40].

3.2. Analysis of Wildfire Dynamics

The total burned area before and during the reproductive event is reported in Figure 5. Overall,
the total burned area almost doubled during the years 20072011 (i.e., following the main reproductive
event periods, which mainly occurred from late 2006 to 2011) compared to previous years (2001-2006),
with total burned area reaching almost 16,000 km? (i.e., 25% of the total bamboo forest cover).

- Decidous forest
Burned area 2001-2006
. burned

Bamboo-dominated forest

Crops
- Evergreen forest

Burned area 2007-2012
. burned

Bamboo-dominated forest Bamboo-dominated forest

02550 100 150 200 02550 100 150 200 02550 100 150 200
T — — —— — T O — —

Figure 5. (a) Main land covers of the study area; (b) total burned area before (2000-2006); and (c) during
(2006-2012) the bamboo reproductive event.

The analysis of the inter-annual dynamics of burned area in bamboo-dominated forests confirms
that a strong increase in burned area took place concurrently with the reproductive event period, with
peaks in 2009 and 2010 (Figure 6a). From 2011 onward, yearly burned area gradually decreased to
values comparable to years before the reproductive event. However, increasing burned area during this
period might be also the consequence of factors other than the reproductive event, primarily drought
at regional scale. To test this hypothesis, the Standardized Precipitation and Evapotraspiration Index
(SPEI) [41] was used to evaluate if major drought episodes occurred concurrently with the burned area
increase. SPEI time series averaged over the study area highlighted two drought episodes during the
peak years (Figure 6b), suggesting that drought could also have been a key determinant of the burned
area increase in the region. Figure 7 shows the relationship between SPEI and burned area before and
during the reproductive event period. The two regression models have similar slopes, but during the
reproductive years a significantly higher intercept was observed (p < 0.001, cf. Table S1), resulting on
average in an over two to three-fold increase in burned area during the event for comparable SPEI
values. This indicates a strong effect of the reproductive event on wildfires dynamics and supports the
hypothesis that the massive fuel load generated by the reproductive event created the conditions for
large wildfires” occurrence and propagation.
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Figure 6. (a) 20002013 time series of burned area in bamboo-dominated forests; and (b) of Standardized
Precipitation and Evapotraspiration Index (SPEI) (three-month timescale) averaged over the study area.
Blue columns evidence positive SPEI values, red columns negative SPEI values.

7000
e Reproductive event
6000 " y P0516.6x » 2846 8
Rz=0.783
+ No reproductive event
& 5000 Sy y = -1584.3x + 819.52
E ’ R2=0.78
s 4000
o
<
§ 3000 &
e . . L
[ ]
@ 2000 .
. °
1000 e,
*
P
0 !
-1.2 -0.7 -0.2 0.3 0.8
SPEI

Figure 7. Ordinary Regression models between mean November-May SPEI (i.e., dry season SPEI) and
Burned Area before the reproductive event (2001-2006) and during the reproductive event (2007-2012).

Figure 8 reports the burned area and the number of active fires for different land covers before
and during the reproductive event. It is worth noting that the number of active fires and the burned
area only moderately increased in both crop and deciduous forest, further supporting the specificity
of the result obtained for bamboo-dominated forests. However, a relevant increase of burned area
was detected also within the evergreen forest class (from 2.6% to 4.1% of the total evergreen forest
area). Evergreen forest patches are often located within or adjacent to the bamboo-dominated area,
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suggesting a possible indirect connection with the reproductive event. This hypothesis was tested by
calculating the relative contribution to the increase of burned area of evergreen forest patches sharing
(EGs) and not-sharing (EGns) a border with bamboo-dominated forest. Burned area within EG patches
increased from 125 to 369 km? (+195%) during reproductive years, while only a limited increase from
313 km? to 320 km? (+2.4%) occurred for EGns during the same period. These patterns clearly show a
side effect of the reproductive event on the last remaining dense evergreen forest stands of the region.
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Figure 8. (a) Burned area before and during the reproductive event. The burned area percent with
respect to the total cover is also reported; (b) Number of active fires detected before and during the
reproductive event.

A close examination of the spatial patterns of burned areas in bamboo-dominated forests at the
regional scale shows evidence that increases in burned area are not ubiquitous (Figure 5): a strong
increase was mainly observed in the bamboo-dominated forest of Chin and Rakhine. These areas
were mostly unaffected by large size wildfires before the bamboo reproductive event. However,
similar patterns were not evident in Manipur and Chittagong Hills, which are characterized by more
fragmented bamboo cover and higher fire occurrence before the event, often associated with shifting
cultivations. Two hypotheses could explain this result. First, the larger pure bamboo forest patches,
which characterize Chin and Rakhine, favored ignition and propagation of very large wildfires, while
the more fragmented landscapes of Mizoram and Chittagong limited the fire propagation. Second,
both India and Bangladesh may have been successful in implementing policy plans to manage the
forecasted bamboo reproductive event and related food security crisis, including fire management and
suppression [42,43].

Overall, these results provide evidence that the regional scale bamboo mortality promoted the
occurrence of large wildfires in the area, with potentially strong ecological impacts over the region
other than rodent outbreaks, such as damage to human settlements; fire emissions; disturbance to
high conservation value ecosystems, including remnant patches of dense evergreen forests; and
direct or indirect impacts on fauna resident of bamboo-dominated habitats. So far, several studies
have highlighted that wildfires could facilitate bamboo invasion [12,17], but none have evidenced an
interconnection between bamboo reproduction and wildfires at regional scale.

In addition, these analyses provide some level of support to the fire-cycle hypothesis [11], as a
clear change in fire regime was associated with the flowering event, especially in regions with large
bamboo forest patches where natural fire propagation dynamics can develop [44], including protected
areas. Nevertheless, other evidence, such as testing for charcoal in soil profiles and colluvial sediments,
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should be collected to verify if similar fire dynamics occurred during past reproductive events, and
to fully understand if fires effectively could be key determinants of a competitive advantage for
bamboo [45].

3.3. Possible Limitations of the Proposed Approach

The assessment of the bamboo forest’s extension is based on the analysis of different mapping
products and visual interpretation of the Landsat GeoCover mosaic. Although the reflectance signature
of bamboo has distinct features compared to other vegetation typologies and other recent studies
successfully used this approach for bamboo forest classification [17,18], more complex approaches
might be required to identify understory bamboos or bamboo forest patches within mixed forest areas
in fragmented landscapes [46]. However, in the Arakan region Melocanna baccifera generally forms
large and nearly pure stands [44], which makes its identification easier and the expected accuracy
compatible with a regional scale analysis.

Similar arguments are used to support the validity of the methodological approach used on
MODIS NDVI time series for identifying the reproductive event timing and spatial dynamics.
The large extension of the bamboo-dominated forest and the consistent spatial patterns of NDVI
change during the expected reproductive years allowed us to simplify and make more objective the
otherwise extremely time consuming process of visual image interpretation, throughout the automatic
identification of the bamboo reproductive event patterns.. Nonetheless, it should be noted that the
proposed approach is designed for regional level analysis and it is based on empirical observations
and assumptions which are valid only for the specific geographic and ecological context. As such, it
should be tested with caution in different geographic areas and/or with other bamboo species and/or
for more fragmented landscapes or mixed forests.

A dramatic increase in the burned area and fire frequency was observed during the years of
the bamboo reproductive event, with matching spatial and temporal patterns between wildfires and
bamboo reproduction dynamics. This finding evidences that the increase of standing dead biomass
due to bamboo synchronous mortality favored fire propagation also in areas where large size fires
were not common, with potentially relevant environmental impacts. Nothing, however, could be said
about the anthropic or natural origin of wildfires and fire ignition processes. Non-scientific reports
and interviews with local farmers during the field survey indicated fire as a strategy to control rodent
outbreaks during the bamboo reproductive event. However, the extent of this practice is unknown
and the vastness of the burned patches in a single season suggests uncontrolled fire propagation, at
least in regions such as Chin and Rakhine. This remains an open question to be clarified in order to
fully understand the ecology of this event, as well as to support future policy planning to reduce food
and environmental insecurity in the area.

Despite the above-mentioned potential sources of inaccuracy recommending caution in the
interpretation of the final mapping products, especially for local scale analyses, this study demonstrates
consistent spatial and temporal patterns in different satellite data products (i.e., Landsat TM/ETM+,
MODIS NDVI, MODIS Burned Area, and MODIS Active Fire), all supporting the large extension of
the bamboo reproductive event and a clear change in wildfire regime, and provides the first regional
scale assessment for future land policy planning.

4. Conclusions

This study generated the first map of bamboo-dominated forest and describes, for the first time,
the spatial and temporal dynamics of the 2005-2011 bamboo reproductive event that occurred in the
Arakan mountain range. The results provide evidence of a clear connection between flowering, fruiting,
and mortality of the bamboo species Melocanna baccifera and a strong increase in fire occurrence and
burned area extent after the reproductive event, offering, to some extent, empirical support to the
fire-cycle hypothesis about the bamboo reproductive strategy of mast flowering and semelparity.



Remote Sens. 2017, 9, 85 12 of 14

The steady increase of burned area during the reproductive event, particularly in Myanmar,
suggests that wildfires could have represented a major factor of environmental and food insecurity for
local communities in the region, together with the widely reported rodent outbreaks. It also marks
a potential threat for the conservation of important ecosystems, such as the remaining evergreen
forest patches.

These results emphasize the regional relevance of this pulse event, calling for integrated and
coordinated management strategies between the involved states, international institutions, and
non-governmental organizations. The generated mapping products of bamboo forest extension and
reproductive event dynamics may offer a baseline for supporting a better understanding of bamboo
ecology in the region, as well as for planning mitigation strategies to reduce the impact of the next
reproductive event.

Finally, this study also highlights the potential role and impact of pulse ecological events in
South East Asia, especially in the framework of monitoring and assessment studies based on Earth
observation data. The rapidness, relevance, and significant impacts of this event suggests the need for
using multiple-scale satellite data products in order to detect rapid landscape changes, as well as the
importance of a better understanding of forest ecology dynamics at a sub-continent scale.

Supplementary Materials: The following are available online at www.mdpi.com/2072-4292/9/1/85/s1,
Figure S1: Bamboo-dominated forest map; Figure S2: Z-score NDVI time series; Figure S3: Patch-size distribution;
Figure S4: Patch elevation distribution; Table S1: Burned area vs. SPEI relationship.
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