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Abstract

This study examines the convergence between traditional and scientific knowledge regarding the use of fire and its
potential to trigger wildfires, with possible impacts on ecosystems and human well-being. The research encom-
passes three distinct natural regions of Ecuador: the coast, the highlands, and the Amazon. Data on traditional fire
use were collected through semi-structured interviews with 791 members from five local communities. These data
were compared with climatic variables (rainfall (mm), relative humidity (%), wind speed (km/h), and wind direction)
to understand the climatic conditions conducive to wildfires and their relationship with human perceptions. Further-
more, the severity of fires over the past 4 years (2019-2022) was assessed using remote sensing methods, employ-
ing the Normalized Burn Ratio (NBR) and the difference between pre-fire and post-fire conditions (NBR Pre-fire—NBR
Post-fire). The results revealed a significant alignment between traditional knowledge, climatic data, and many fires,
which were of low severity, suggesting potential benefits for ecosystems. These findings not only enable the identifi-
cation of optimal techniques and timing for traditional burns but also contribute to human well-being by maintain-
ing a harmonious balance between communities and their environment. Additionally, they provide valuable insights
for the development of more inclusive and effective integrated fire management strategies in these natural areas

of Ecuador.
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Introduction

Historical ecology and ethnobiology provide robust evi-
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Among these human activities, the use of fire stands out
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as a long-standing traditional practice, likely persisting
for thousands of years, and has been a widely employed
tool for environmental transformation by human socie-
ties [5]. This historical fire regime, established over long
periods, has exerted a direct and substantial influence on
plant composition and other life forms [6].

Ethnographic records provide numerous examples
of landscape management strategies involving burn-
ing, particularly notable in Australia and North America
[7]. However, this pattern is also evident in many other
regions of the world, including South America. For
instance, recent research in South America suggests that
indigenous land use and traditional burning practices
have significantly shaped the floristic composition and
forest structure of the Amazon over millennia, especially
during the peak of pre-Columbian indigenous occupa-
tion [8]. Thus, understanding historical ecology and eth-
nobiology leads us to recognize the crucial role of human
activities in shaping ecosystems over time. These ances-
tral practices, such as the use of fire, have left an indel-
ible mark on vegetation and biodiversity, underscoring
the importance of comprehending, and conserving tra-
ditional landscape management techniques to ensure the
sustainability of natural resources. Given this context, it
is essential to study the relationship between local knowl-
edge and scientific knowledge regarding the use of fire.
Such an approach not only enriches our understand-
ing of historical and contemporary fire regimes but also
highlights the value of integrating traditional ecological
knowledge with scientific data. Recognizing that local
knowledge about the use of fire is as important as scien-
tific knowledge helps to preserve these ancient practices
and promotes a more holistic and sustainable approach
to ecosystem management.

A review of ethnobiology in Latin America has shed
light on the current state of ethnobiological research in
the region [9]. Countries like Brazil and Mexico appear
to be leaders in the field, whereas in Ecuador, there seems
to be no research in this area [10]. Ecuador ranks last
in Latin America in terms of scientific production spe-
cifically related to ethnobiology. Alburquerque et al. [9]
demonstrate that from 1963 to 2012, only one Ecuado-
rian scientific article has been published in the entire
field, compared to 289 in Brazil, 153 in Mexico, 61 in
Peru, and 11 in Colombia. Therefore, this reality pre-
sents an opportunity to initiate such studies, particularly
around human use of fire, as the country boasts 13 differ-
ent indigenous nationalities, each with its own language,
history, and culture, along with a large mestizo popula-
tion, providing a self-sufficient framework for interaction
with nature [11].

In the aforementioned framework, cultural burn-
ing emerges as one of the most powerful tools used by
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humans to transform landscapes [12, 13]. It has been
employed for various purposes, such as land clearing
for the creation of public, domestic, and agricultural
spaces, as well as for slash-and-burn farming [14], food
preparation, and waste disposal [15]. Additionally, char-
coal produced through cultural burning has been shown
to enhance soil fertility and contribute to the formation
of anthropogenically modified soils, such as Amazonian
Dark Earths and Amazonian Brown Earths [16]. More-
over, for instance, indigenous communities in North
America manipulated their environment to favor plants
and animals necessary for their subsistence, shelter,
clothing, and other vital needs [17]. Furthermore, tradi-
tional communities extensively use fire in other activi-
ties, including hunting, crop enhancement, pest control,
habitat diversification, pasture management, large-scale
fire prevention, wood gathering, travel route mainte-
nance, riparian area cleaning, basketry material cultiva-
tion, communication, and ceremonies [18, 19]. Huffman
[20] observed that these communities possess knowledge
about fire effects on fungi, plants, and animals, empha-
sizing appropriate burning timing considering plant
phenology, season, fuel moisture, time since the last fire
(and its severity), and fire behavior. Rojas Rabiela [21]
noted the persistent use of the slash-and-burn system in
various regions, involving machete cutting of large trees,
bushes, grasslands, and vines. This system accumulates
biomass through burning, and on the resulting ash layer,
traditional farmers grow food crops such as maize (Zea
mays L.) and beans (Phaseolus vulgaris L.) for human
consumption [22]. This shaping of interactions between
humans and nature developed over millennia has had a
significant impact on the distribution of plant species,
the expansion of grasslands, and the configuration of for-
ests [4].

On the other hand, recent studies, such as those by Lake
et al. [23] and Roos et al. [24], highlight the importance
of fire use in Native American cultures. For instance,
in Canada, traditional fire management by indigenous
communities has been shown not only to promote eco-
system diversity but also to facilitate the management of
complex resources [25, 26]. Additionally, these practices
help reduce the risk of wildfires by decreasing fuel loads.
These findings underscore how biodiversity conservation
is inherently linked to fire management strategies imple-
mented by indigenous communities. In South America,
communities such as the Mebéngokré in Brazil and the
Pemén in Venezuela incorporate fire into cultural prac-
tices, influencing social processes and knowledge trans-
mission [14, 27]. Similarly, mestizo communities, like
those in the Chiapas Biosphere Reserve [28], also utilize
local fire knowledge. This is evident in their fire manage-
ment practices, which play a crucial role in promoting
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socioecological balance. By engaging in local fire man-
agement, these communities actively contribute to the
preservation of local ecosystems, biological diversity, and
harmony between society and the natural environment.
However, many of these studies overlook the assessment
of burn severity levels that local fire management can
produce, resulting in insufficient attention to the effects
of fire on natural resources [29]. In this context, Ecuador
faces a scarcity of information on the severity of wildfires
due to ancestral fire management, with only one available
study involving the Saraguro indigenous community [30].
This lack of information hinders the confirmation of the
impacts of such fires, both positive and negative. The sig-
nificance of this issue lies in the fact that globally, several
studies indicate that low-severity fires benefit soil biogeo-
chemical cycles by increasing organic matter and essen-
tial nutrients such as phosphorus and nitrogen, while
high-severity fires can be lethal. However, some reports
highlight damages associated with the frequency of fires,
even when they are of low severity, as detrimental [31].
Therefore, further research on this topic is needed to
clarify the impacts of fires produced by human fire man-
agement on Ecuador’s natural resources.

Ecuador, a multiethnic and multicultural country,
has a history marked by migratory and mestizo pro-
cesses involving whites, mestizos, native Amerindians,
and Afro-Ecuadorians [32]. Both mestizos and native
Amerindians utilize traditional fire management in their
agricultural and forest management activities, as dem-
onstrated by recent research [29, 33]. For example, Diaz
et al. [30] highlighted the cultural significance and eco-
logical effects of the human use of fire by the Saraguro
indigenous people in the paramo ecosystem of southern
Ecuador. Therefore, it is of paramount importance to
undertake research programs in Ecuador aimed at inte-
grated fire management, considering aspects such as
traditional fire use, severity levels, burning frequency,
and their effects on nature and human well-being. This
endeavor becomes crucial given the diversity of eco-
systems and ethnicities in Ecuador, spread across four
natural regions encompassing the Coast, the Sierra, the
Amazon, and the Galapagos Islands [23].

On the other hand, in addition to understanding the
ethnobiological use of fire, it is crucial to conduct moni-
toring of the impacts of wildfires using widely recog-
nized tools such as remote sensing, which enjoys global
recognition [34]. In many countries, this technique
characterizes wildfire regimes, evaluates meteorological
conditions, and determines severity levels [35, 36]. How-
ever, in Ecuador, there is a notable absence of compre-
hensive studies in this field. Cabrera et al. [37] and Reyes
and Lojan [38] proposed reproducible remote sensing
methodologies for the semi-automatic identification of
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wildfires. Carrién-Paladines et al. [39] correlated remote
sensing with soil properties in high-Andean shrublands.
Yangua-Solano et al. [40] have explored the impact of
low severity on pioneer species, while Diaz et al. [30]
have linked remote sensing to the use of fire by the
Saraguro indigenous community. Despite these advance-
ments, Ecuador lacks additional studies that comprehen-
sively address the use of this methodology alongside the
effects of wildfires. Additionally, it faces a knowledge gap
regarding wildfires and their effects, due to the diversity
of ecosystems with unknown susceptibility or adapta-
tion to fire [30, 41]. The limited presence of meteorologi-
cal stations hinders research in this area [42], posing
a significant challenge [43]. Meteorological data from
NASA’s POWER reanalysis compensate for this limita-
tion, proving reliable at regional and national scales [36,
44]. By using satellite-collected information, these mod-
els enhance wildfire research and contribute to a better
understanding of climatic phenomena, as evidenced by
studies like Kanga et al. [45] and Carrién-Paladines et al.
[39] on wildfires in Himachal Pradesh and high-Andean
shrublands, respectively. These examples underscore
the importance of these methods in advancing wildfire
research and improving our understanding of climatic
phenomena in various geographical areas.

The aim of this study was to examine potential differ-
ences and similarities in human fire use across the Coast,
Sierra, and Amazon regions of Ecuador. Based on this
aim, we hypothesized that significant variations exist in
fire use practices among these regions, stemming from
differences in ecosystems, agricultural practices, and cul-
tural and socioeconomic needs of each region. To achieve
this goal, semi-structured interviews were conducted to
gather local knowledge, optimal weather conditions for
burning were identified, and fire severity was assessed.
Additionally, an analysis of current regulations was con-
ducted to identify potential environmental infringements
in the study areas and recommend reforms tailored to
the specific realities of each region’s inhabitants. Finally,
local knowledge was integrated to determine its align-
ment with scientific approaches. These findings of this
research are vital for decision-makers as they enhance
understanding of human fire use and facilitate the devel-
opment of more effective, inclusive, and sustainable inte-
grated fire management programs for Ecuador’s diverse
ecosystems.

Materials and methods

Study area on the continental Ecuador

The study covered three natural regions of Ecuador,
excluding the Galapagos Islands due to their protected
area status. The other natural regions such as the Coast,
Sierra, and Amazon are each characterized by their
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unique geography, climate, and ecosystems [46]. From
the Coast and Sierra regions, two parishes each were
selected because these areas are where most wildfires
occur [46, 47]. From the Amazon region, one parish
was selected because this area has high humidity, which
resulting in a low incidence of wildfires [46]. All the par-
ishes studied were chosen based on geographic, climatic,
and accessibility criteria (Fig. 1, Table 1).

Specific study areas
In the coast region, two parishes were selected: Alhajuela
and Simén Bolivar (Al and SB, respectively) (Fig. 2;
Table 1). Al is in the province of Manabi, in the Por-
toviejo canton, with an average temperature of 24 °C
and an annual precipitation range of 500-1000 mm. The
parish features very dry tropical forests and tropical dry
forests ecologically, making it a vital area for diverse agri-
cultural activities, including corn (Zea mays), peanuts
(Arachis hypogaea), cassava (Manihot esculenta), cocoa
(Theobroma cacao), plantain (Musa paradisiaca), vegeta-
bles and legumes [48, 49] (Table 1).

On the other hand, SB belongs to the province of Santa
Elena and has an average temperature of 25.2 °C, with an
annual precipitation range of 800-1200 mm [50]. This
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parish is home to tropical thorn forests, very dry tropi-
cal forests, and tropical dry forests [48], with the main
economic activities being agriculture and cattle ranch-
ing (Bos taurus). The main crops in the area are tomato
(Solanum lycopersicum), cassava (Manihot esculenta),
papaya (Carica papaya), watermelon (Citrullus lanatus),
corn (Zea mays), and fruit trees such as plum (Spondias
purpurea) [50].

The parishes of Susudel and San Miguel (Sd and SM,
respectively) are in the Sierra region (Fig. 3, Table 1). Sd
is part of the Azuay province and has an average temper-
ature of 20 °C, with an annual precipitation range ranging
from 250 to 500 mm [51, 52]. In this parish, you can find
the semi-deciduous shrublands of the Southern Valleys
[51], where the main economic activities include live-
stock farming and the cultivation of perennial plants such
as tree tomato (Solanum betaceum), as well as short-
cycle crops like corn (Zea mays) and potatoes (Solanum
tuberosum). In the Sierra region, there is also SM, which
is part of the Cotopaxi province and has an average tem-
perature of 13 °C, with an annual precipitation range
between 500 and 1000 mm [53]. In this parish, you can
find the ecological formation of Montane Rainforest. The
main economic activities are livestock farming and the
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Fig. 3 Vegetation cover. a Susudel Parish (5d) and b San Miguel Parish (SM).

cultivation of short-cycle crops like corn, potatoes, and
lupine (Lupinus mutabilis).

Finally, in the Amazon region, parish 7d]J is in the
Sucumbios province and is characterized by having an
average annual temperature of 27 °C, with an annual
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The parishes belong to the Sierra region of continental Ecuador

precipitation ranging from 2000 to 4000 mm [47, 54].
This parish is known for its tropical rainforest environ-
ment, where various economic activities take place,
including oil exploitation, livestock farming, and agri-
culture, which includes the cultivation of coffee (Coffea
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arabica), cocoa (Theobroma cacao), African palm (Elaeis
guineensis), and corn [55] (Fig. 4, Table 1).

Collecting data on human use of fire in three natural
regions of Ecuador

The research on the human use of fire was conducted
with the collaboration of parish councils, given their fun-
damental role in the management and development of
local communities in Ecuador [30]. In collaboration with
the president of each board and his team, briefing meet-
ings were organized to present the research objectives
and the content of the semi-structured survey contain-
ing open and closed questions (see the Additional File
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1_ Appendix I for details). Subsequently, a local liaison,
designated by each parish council, facilitated the identi-
fication of survey application areas and encouraged resi-
dents to participate in data collection, fostering trust and
knowledge sharing. The survey targeted people aged 25
to 75 years affiliated with each parish council, covering
both men and women [56]. In total, 791 collaborators
from the parishes studied, predominantly of mixed race,
were surveyed (Table 2). For the selection of the number
of survey collaborators, the standard formula was used
to calculate the sample size (simple random sampling)
based on the population of each parish, as has been done
in recent research [57].

o 960000 965000 970000 975000 o
8 8
o o
D 53
& ¢ o
-
Y
\N
\\
o g \ o
=3 o X S
1 S
\n \ n
) \ [<e]
& \ &
ks
Location map
=4 o
1= =3
o o
o o
@ @
o =3
G <)
b= o
=4 =3
o (=]
\n o)
3 =
S o)
Vegetation Cover [ Infrastructure
[ Agriculture I Native forest
[ Bare soil I Paramo
8 [] Forest plantation ] Shrub 8
S Herbaceous vegetation [l Water 0 1 2km g
“| [ Human settlement [ - m
960000 965000 970000 975000

Fig. 4 Vegetation cover of the 7 de Julio Parish (7dJ). The parish belongs to the Amazon region of continental Ecuador
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Table 2 Number of individuals surveyed according to their ethnic identity to evaluate the human use of fire in three natural regions of

Ecuador
Natural region Parish Code Number of people surveyed Ethnic identity (%)
Women Men Total Mixed-race Indigenous Other Total
Coast Alhajuela Al 50 58 108 100 0 0 100
Simén Bolivar SB 81 85 166 100 0 0 100
Sierra_Andes Susudel Sd 56 78 134 100 0 0 100
San Miguel SM 123 77 200 475 525 0 100
Amazon 7 dejulio 7dJ 86 97 183 97.8 22 0 100
Total 396 395 791

Data from individuals, both women and men, aged between 25 and 75 years were considered

The survey covered various aspects, such as farmers’
social profiles, primary agricultural practices, methods of
fire, ancestral burning knowledge, ignition patterns, per-
ceptions of fire impacts on natural resources, preferred
times of use, and levels of training received. Based on
this information and using the participant observation
method, community fire calendars were developed, in
line with the model of McKemey et al. [58]. Subsequently,
these calendars were crossed with meteorological data,
following the approach of Diaz et al. [30] which resulted
in the formulation of area-specific fire calendars or each
area. This analysis allowed the identification of patterns
and relationships between local practices and environ-
mental conditions.

To validate the developed fire calendar, discussions
were held with farmers and members of each parish
council, as has been done in recent research [30, 58].
These discussions ensured the relevance and accuracy
of the calendar in relation to traditional practices and
environmental conditions specific to each parish. Adjust-
ments or improvements were made based on comments
received from stakeholders. This comprehensive method-
ology facilitated the creation of a practical and culturally
relevant tool to guide fire management practices in the
different study regions in Ecuador.

Quantitative data analysis

The historical uses and impacts of fire were assessed by
computing two metrics: the level of information fidelity
(LIF) and the informant’s consensus factor (ICF). The LIF
was determined using a formula sourced from previous
studies [30, 59]:

Ip
LIF=| — ) *100
Iu

where Ip represents the count of informants indicating a
specific characteristic related to fire and Iu represents the
count of informants indicating all characteristics related

to fire use. A higher LIF value justifies the frequent use
of a specific fire-related characteristic, indicating its
prevalence. On the contrary, a lower LIF value means a
lower frequency of the characteristic in the use of fire. In
essence, LIF serves as a quantitative metric, reflecting the
degree of preference for a particular characteristic of fire
use compared to others.

The ICF was employed to quantify the consensus or
agreement among all informants (respondents) regard-
ing each fire use characteristic. The ICF in this study was
computed using the formula outlined by Khan et al. [60]
and Diaz et al. [30]:

IFC = (Nt — Nur)/(Nt — 1)

where Nt represents the total number of informants sur-
veyed and Nur represents the subset of informants who
indicate a specific or main use of fire. The ICF yields
results within the range of 0 to 1. The lowest values, close
to 0, indicate a similarity in the characteristics of fire
use, which means exchange of information or consensus
between informants. Conversely, higher values close to 1
suggest randomness in the execution of a fire use charac-
teristic or a lack of information sharing, indicating a lack
of consensus among informants regarding its use.

Legal context of wildfires in Ecuador

Due to the prevailing legal gaps in Ecuador regarding
the inadequate classification of wildfire severity and the
absence of acknowledgment of ecosystems’ fire adapta-
bility, we conducted an in-depth analysis of existing legis-
lation on penalties. Our review spanned all legal aspects,
from the national Constitution to Municipal Ordinances,
utilizing the Vlex search engine (https://app.vlex.com/),
as per recent research practices [61]. Additionally, we
compared Ecuador’s legislation with that of South Amer-
ican countries and other pertinent regions, following
Diaz et al. [30] methodology.


https://app.vlex.com/

Carrién-Paladines et al. Journal of Ethnobiology and Ethnomedicine

Determination of the fire season

The fire season was established using NASA meteoro-
logical data, accessed at https://power.larc.nasa.gov/
data-access-viewer/ (accessed October 2023). Analyzed
meteorological variables included temperature (°C), pre-
cipitation (mm), relative humidity (%), and wind speed
(km/h) [39, 62]. Parish-specific geographical coordinates,
collected during surveys on local fire usage patterns,
guided weather data retrieval. Subsequently, histori-
cal climographs for each parish were generated from a
41-year dataset (1981-2021). Monthly averages of pre-
cipitation, relative humidity, temperature, and wind
speed were computed, identifying two climatic phases:
the rainy period and the annual drought period [63]. His-
torical and annual climographs were employed to inter-
pret traditional fire usage and assess fire severity indices.

Determination of severity of wildfires

The severity of wildfires was calculated using images
from the Sentinel 2B satellite with its multispectral MSI
sensor [64]. The years 2019, 2020, 2021, and 2022 were
considered, selecting dates with lower cloud cover (<20%
cloudiness) during the last months of the year, when the
highest incidence of wildfires occurs [65]. Additionally,
the Normalized Burn Ratio (NBR) was employed, specifi-
cally designed to identify areas affected by fires through
their spectral signature [66]. For this analysis, the follow-
ing formula was applied [67].

(RNIR — Rswir)
(RNIR + Rswir)

NBR =

Rnir = reflectivity in the band NIR(B8A)

Rgwir = reflectivity in the band SWIR(B12)

Likewise, dNBR, the difference between pre-fire and
post-fire (NBR Pre-fire—-NBR Post-fire) was calculated to
estimate the severity using the respective formula [35].

dNBR = (NBR; — NBRy)
NBR; = pre — fireburnedareaindex

NBR; = post — fireburnedareaindex

Results

Traditional use of fire

In Table 3, the findings of this study are summarized,
highlighting differences and similarities in fire use across
Ecuador’s natural regions. For instance, in coast areas,
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agricultural activities are the main cause of wildfires,
accounting for 80% in Al and 58.4% in SM. In contrast,
poorly extinguished campfires prevail during camping in
forests in the Sierra and the Amazon, contributing 88.1%
and 96.7% of fires in Sd and 7dJ, respectively.

Land preparation practices leading to wildfires also
vary regionally. In coast regions, deforestation and veg-
etation burning are prominent (Al: 24.1%; SB: 73.5%),
followed by traditional burning (Al: 8.2%; SB: 9.3%), and
agricultural burning, including crop residues (Al: 7.0%;
SB: 10.0%). In the Sierra, deforestation and vegetation
burning have low percentages (Sd: 5.9%; SM: 15.6%),
while in the Amazon, they account for 33.9%.

Fire frequency also varies. Annual fires prevail in Al
(89%), while SB reports monthly (52.4%) and quarterly
(24.5%) frequencies. In the Sierra, Sd has the highest
annual frequency (92.5%), while SM and the Amazon
experience fires every six months (38.2% and 20.9%,
respectively).

A key aspect is the purpose of fire use, similar across
the three regions. The main goal is to clear crop stubble
(AL 58.3%; SB: 25.3%; Sd: 69.6%; SM: 53.6%; 7d]: 67.0%)
and improve soil fertility (Al: 30.6%; SB: 29.6%; 7dJ:
24.2%). Ashes serve as a nutrient source (SB: 45.1%; Sd:
23.6%; 7dJ: 73.6%) and fertilizer (Al: 56.6%; SB: 24.2%).
Common practices include using matches, piling dry
material, and burning on flat ground.

Furthermore, respondents consider factors like wind
speed and direction during burns. However, the con-
struction of ditches around the land as a fire control
measure is absent in all three regions. These results
underscore the need for region-specific fire management
strategies tailored to the diverse practices and challenges
observed in Ecuador.

Legal regulations

Table 4 provides an overview of the existing legal regu-
lations governing wildfire prevention in the examined
districts. It is noteworthy that none of these regulations,
ranging from constitutional provisions to municipal
ordinances directly applicable in the parishes, incorpo-
rate crucial ecological concepts necessary for a compre-
hensive understanding of the wildfire issue in each area.
In all the studied parishes, regulations primarily focus
on punitive measures as stipulated in Article 246 of the
COIP—Integral Penal Code [68]. This code considers
the negligent initiation of uncontrolled burning leading
to wildfires as a punishable offense, with imprisonment
ranging from 3 to 6 months and, in cases of fatalities, 13
to 16 years. However, the parishes only ensure the timely
provision of prevention and firefighting services in des-
ignated wildfire defense zones (Table 4). Municipal ordi-
nances adopting an integrated fire management (IFM)


https://power.larc.nasa.gov/data-access-viewer/
https://power.larc.nasa.gov/data-access-viewer/
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approach are lacking, in regulating the implementation
of controlled burning plans and, in specific contexts, pre-
scribed burning plans considering climatic factors for
specific fire seasons, severity levels, and crucial ances-
tral knowledge used in traditional burning (Table 3). It is
noteworthy that only the Al parish refers to prevention
systems, including fuel volume control, controlled burns,
and the creation of firebreaks. Both the municipality and
the parish commit to researching sustainability, resil-
ience, and carbon sequestration, as well as intervening
and restoring degraded areas by introducing native spe-
cies. Consequently, Ecuador lacks a legal framework that
promotes the establishment of an improved Municipal
IFM system.

Meteorological influences on wildfire season

Understanding climatic behavior in the regions studied
is fundamental in the context of the human use of fire
in Ecuador and its potential impact on the occurrence
of wildfires. This aspect is essential to understand how
climatic variations influence the frequency and sever-
ity of wildfires. In addition, the assessment of key vari-
ables such as precipitation (mm), relative humidity (%),
wind speed (km/h), and temperature (°C) during the

(2024) 20:60
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wildfire season is vital to develop effective manage-
ment and prevention strategies. Detailed data provide
an in-depth understanding of the climatic dynamics
that directly impact the spread of wildfires, especially in
coast and mountainous areas. In this way, drier months
can be identified as periods of higher wildfire risk, high-
lighting the need to implement appropriate control and
management measures during these critical junctures.
In this context, Figs. 5, 6, and 7 present historical and
annual climographs from 1981 to 2021 for the examined
parishes within Ecuador’s natural landscapes. Figure 5a
and ¢ sheds light on interannual climate variability in
the Al and SB coast regions, with precipitation emerg-
ing as the most variable factor. Notable precipitation
shifts include Al's wettest years in 1983, 1997, and 1998,
juxtaposed with the drier spells in 1985, 2005, and 2007.
SB mirrors a similar trend. Figure 5b and d delineates
monthly climographs, revealing wetter months (Decem-
ber to May) characterized by heightened precipitation,
increased relative humidity, and decreased wind speed.
Conversely, the six driest months (June to November)
signify the wildfire season, marked by diminished pre-
cipitation, reduced relative humidity, and elevated wind
speeds. Temperature fluctuations are minimal in Al and
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Climograph with monthly values of 7dJ

SB, averaging approximately 25.9 °C and 25.1 °C during
the dry and rainy seasons, respectively.

Figure 6a and c depicts interannual climatic variabil-
ity in the Sd and SM Sierra parishes, with precipitation
being the most variable factor. Sd experienced its wettest

years in1983, 1998, and 2021, mirroring a similar trend
in SM. Figure 3b highlights wetter months from Decem-
ber to May, while Fig. 3d showcases wetter months from
October to June, characterized by increased precipita-
tion, heightened relative humidity, and reduced wind
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speed. Conversely, the driest months mark the wildfire
season. Temperature changes are minimal Sd and SM.

In the Amazon parish 7d]J, interannual rainfall variabil-
ity is evident, with the wettest years observed in 2008,
2011, and 2012, and the driest years recorded in 1983,
1995, and 2005. Rainfall occurs throughout the year,
with the lowest precipitation levels noted in August and
September, conducive to traditional burning practices.
During these months, relative humidity decreases, and
temperature increases, with wind speed remainings con-
stant throughout the year.

Wildfires severity

The remote sensing method has provided valuable
insights into fire activity across Ecuador’s three natural
regions over the last four years, revealing variable inten-
sities ranging from low to moderate-low severity (Figs. 8,
9, and 10). In the coast region, specifically in Al, the
year 2019 witnessed low-severity fires affecting approxi-
mately 2% of the territory, with 84% remaining stable
or unburned. In 2020, low-severity fires increased (9%),
along with areas affected by moderate-low-severity fires
(1%). In 2021, low-severity fires affected 6% of the terri-
tory, allowing vegetation recovery with a notable growth
of 37%. In 2022, low severity fires persisted (3%) with a
29% growth. Overall, SB experienced low-severity wild-
fires, with a notable vegetation recovery rate reaching
99% in 2021. Although there was a slight decrease in 2022
(94%), this data indicates a surprising vegetation regen-
eration through despite the presence of fires.

In the Sierra region, Sd observed 3% low-severity
fires in 2019, with 1% presenting moderate-low severity.
No wildfires were recorded in 2020, possibly due to the
COVID-19 pandemic lockdown, showing signs of recov-
ery. In 2021, 18% of the fires were low severity, with 1%
moderate-low severity. No wildfires were reported in
2022. In SM, there was a variety in the severity of wild-
fires, with 15% low-severity fires in 2019, decreasing to
6% in 2022.

In 7d], variability in the severity of wildfires was
observed, with 8% low-severity fires in 2019 and a sig-
nificant increase in 2021 (22% low severity). In 2022, the
number of fires decreased (2% low severity).

Integration of traditional knowledge and meteorological
data for fire calendar development

Figures 11, 12, and 13 illustrate three climatic phases
in the regions of Ecuador that guide farmers in imple-
menting burns. Along the coast region (Al), a first phase
spanning six months, from December to May (depicted
in light green), exhibits a zero probability of ignition.
This period, marked by substantial rainfall and humid-
ity, aligns with NASA climate data, recording 1002.6 mm
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of precipitation, an average relative humidity of 76.5%,
an average temperature of 26.3 °C, and an average wind
speed of 10.0 km/h. The second phase, covering July,
October, and November (depicted in yellow), entails a
moderate probability of ignition, with decreased precipi-
tation and humidity, increased temperature, and wind
speed. The phase of high ignition probability in August
and September (depicted in red) is the key season for tra-
ditional burns, characterized by reduced precipitation
(13.2 mm), lower humidity (60.3%), increased tempera-
ture (26.9 °C), and a consistent wind speed (12.9 km/h).
A comparable pattern is evident in SB parish (Fig. 11b).
During the zero-ignition probability months (December
to June), recorded values include 551.6 mm precipita-
tion, 78.3% relative humidity, 24.9 °C temperature, and
12.8 km/h wind speed. The second phase, covering July
and November, sees reduced precipitation and humidity
(16.1 mm and 74.3%, respectively), a temperature decline
(23.5 °C), and increased wind speed (16.8 km/h). The
phase with the highest ignition probability, August, Sep-
tember, and October, is marked by significantly reduced
precipitation (3.0 mm), a relative humidity decrease
(73.7%), constant temperature (23.2 °C), and a relative
increase in wind speed (17.3 km/h).

In the Sierra region, mirroring the Coast region, the
climatic phases identified by interviewees are evident
(Fig. 12). In the parish of Sd, from November to May,
zero-ignition probability prevails (504.5 mm total precip-
itation, 79.7% average relative humidity, 17.3 °C average
temperature, and 7.0 km/h wind speed). June, July, and
October exhibit a moderate ignition probability, featuring
reduced precipitation (65.9 mm total), relative humidity
(73.4%), and temperature (16.6 °C), but increased wind
speed (12.5 km/h). The high ignition probability phase
occurs in August and September, marked by decreased
precipitation (20.6 mm total) and relative humidity
(68.2%), while maintaining a temperature of 17.1 °C and
experiencing the highest wind speed at 13.3 km/h. SM
presents a similar climatic pattern.

In the Amazon region, a similar pattern is observed,
with more pronounced meteorological variables com-
pared to the coast and Sierra regions (Fig. 13). In par-
ish 7dJ, the zero-ignition phase spans from November
to July (1208.8 mm total precipitation, 84.1% average
relative humidity, 24.8 °C average temperature, and
2.6 km/h wind speed). The moderate ignition phase cov-
ers July through October (251.4 mm, 81.0%, 24.8 °C, and
2.7 km/h). However, the phase of high ignition probabil-
ity occurs in August and September, with decreased pre-
cipitation and relative humidity (193.7 mm and 75.9%,
respectively), while maintaining temperature and wind
speed (25.1 °C and 2.8 km/h, respectively). Interview-
ees identify this phase as the most effective and consider
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Fig. 8 Wildfire severity maps in two parishes of the coast region. a Wildfire severity at the scale of Alhajuela parish: a1 severity for 2019; a2 severity
for 2020; a3 severity for 2021; and a4 severity for 2022. b Wildfire severity at the Simon Bolivar parish scale: b1 severity for 2019; b2 severity for 2020;
b3 severity for 2021; and b4 severity for 2022. The percentage of fire severity for each contrasted year is presented below
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these months as the favorable season for traditional
burning.

Discussion

In Ecuador, farmers in the three natural regions integrate
fire into their ecosystem management practices, seeking
their well-being and that of their families, as has been
observed in other parts of the world [69]. This is con-
sistent with previous research suggesting that human
activities, including fire use, are the main drivers of eco-
system modeling, challenging the idea that only natural
and climatic factors are responsible for these changes
[2, 3, 5]. A notable example of this correspondence in
Ecuador is the work done by is indigenous communities
in the western USA, who maintain long-standing burn-
ing traditions for natural resource management [70, 71].
For example, the research of Bowcutt [72] and Long et al.
[73] reveals that these communities, which carry out low-
intensity burning like those in Ecuador, after applying
the fire they collect essential foods such as roots, berries,
and mushrooms, crucial elements for family subsistence.
Lynn et al. [74] and Larson et al. [75] highlight the direct
dependence on products derived from fire, underlining

their its importance for community subsistence. In addi-
tion, low-severity burning is crucial for the regenera-
tion of plants, bryophytes, and lichens [40], contributing
to human well-being, and has positive implications for
migratory wildlife.

In the specific context of Ecuador, there are distinct dif-
ferences and similarities in fire management across the
three studied regions, shaped by their unique ecological
and cultural contexts. On the coast, the primary causes of
wildfires are linked to agricultural activities, whereas in
the Sierra and the Amazon, they are mainly due to camp-
fires poorly extinguished by campers. Land preparation
practices that lead to wildfires also vary by region. In
coast areas, deforestation and the burning of vegetation
are predominant, while in the Sierra and the Amazon,
these activities have a significantly lower incidence. Con-
sequently, the frequency of fires also varies across these
regions. On the coast, monthly, quarterly, and annual
fires are more common, while in the Sierra and the Ama-
zon, fires occur primarily on an annual and semi-annual
basis. In this context, it is possible that coast farm-
ers, by conducting monthly and quarterly burns during
the wetter months, are taking advantage of the climatic
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Fig. 11 Traditional burning calendar based on local knowledge of farmers on the Ecuadorian coast, compared with NASA meteorological data.
a Al Parish and b SB Parish. Monthly averages of temperature (T), relative humidity (Rh), precipitation (P) (sum), and wind speed (Ws) analyzed

over the four years studied were used

conditions in this region that are not optimal for the
spread of high-severity fires. In contrast, in the Sierra and
the Amazon, where the climatic conditions are inherently
wetter than on the coast and the burns are conducted in
the climatically optimal months, this context may be pro-
ducing low-severity fires. This traditional knowledge can
be crucial for carrying out controlled low-severity burns,
thus minimizing the risk of significant damage to the
ecosystems in these regions. Additionally, this practice
reflects a deep understanding of local climatic dynam-
ics and their influence on fire behavior. Incorporating
this type of knowledge into integrated fire management
(IFM) plans can be highly beneficial, as it allows for the
adaptation of burning strategies to the specific conditions
of each region, ensuring sustainability and the protection
of ecosystems.

Furthermore, there are similarities among these con-
trasting areas that explain why there are more low-sever-
ity fires in all three regions. This is because farmers apply
specific criteria, such as wind speed and direction, and
select flat lands for agricultural burning, allowing them
to achieve low-severity burns for crops like maize (Zea
mays) and potatoes (Solanum tuberosum).. These differ-
ences and similarities, reflected in traditional burning

techniques, could be effectively integrated as mentioned
earlier into an integrated fire management (IFM) system
or burning plans. In support of this idea, Vizquez-Varela
et al. [76] advocate for the incorporation of traditional
knowledge from local communities into fire management
approaches, proposing more effective IFM strategies [77].
Given the positive impacts observed in the studied areas
of Ecuador, characterized by regimes of low to moderate-
severity fire, it would be important to consider farmers’
perspectives on fire use, which could generate innovative
proposals for IFM. Therefore, we argue that validating the
relevance of incorporating traditional knowledge about
fire use in Ecuador’s ecosystem management is crucial,
as it has been shown that excluding fire (criminalizing
its use) in many regions of the world has been associ-
ated with the proliferation of mega-fires and the decline
of critical species, promoting the presence of competing
vegetation [78]. Thus, further research is needed to con-
firm or challenge the benefits of traditional burning in
the studied parishes.

From the perspective of fire ecology, it is essential to
consider the optimal months for wildfire occurrence, as
meteorological conditions and fire seasons exhibit signif-
icant variations in both Ecuador regions and neighboring
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Fig. 12 Traditional burning calendar based on local knowledge of farmers on the Ecuadorian Sierra, compared with NASA meteorological data.

a Sd Parish and b SM Parish. Monthly averages of temperature (T), relative humidity (Rh), precipitation (P) (sum), and wind speed (Ws) analyzed
over the four years studied were used

countries such as Colombia [79]. For instance, in the coast
region, during its dry season (classified as fire weather), a
relative aridity is observed compared to other areas, with
precipitation extending from July to November, averaging
less than 25.0 mm per month a relative humidity of 75%.
Conversely, the Sierra region experiences more abun-

g? ] dant rainfall during its dry season, spanning from June to

§ 5 October, with monthly averages of less than 87.0 mm and
. a relative humidity of 85%. As for the Amazon region, it
2 ¢ presents consistent rainfall during its dry season, from
%} = July to October, with monthly averages of less than
w

140.0 mm and a relative humidity of 81%. Despite these
climatic variations across the three studied regions, wild-
fires tend to occur primarily in August and September,
characterized by reduced precipitation and humidity, as
well as increased temperature and wind speed (Figs. 5, 6,
and 7). These findings align with previous research con-
ducted by Carrién-Paladines et al. [39] and White [80],
emphasizing the critical importance of planning compre-

July yune
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- Meteorological data |:| Average probability of burns
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Fig. 13 Traditional burning calendar based on local knowledge

of farmers on the Ecuadorian Amazon, compared with NASA
meteorological data. a 7 de Julio. Monthly averages of temperature
(T), relative humidity (Rh), precipitation (P) (sum), and wind speed
(Ws) analyzed over the four years studied were used

hensive fire management programs for these months in
Ecuador, given their impact on the wildfire cycle.
Additionally, despite climatic variability in Ecuador’s
natural regions (Coast, Sierra, and Amazon), remote
sensing analysis highlights that most wildfires from
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2019 to 2022 were of low and moderate-low severity in
all studied areas. However, variations in the dimensions
of fires, measured by the percentage of areas affected by
low and moderate-low severity, are evident among the
analyzed years. This variation may be linked to climatic
factors such as interannual precipitation variability, indi-
cating dry and wet years [81]. Furthermore, topography
and soil characteristics, closely related to the structure
and composition of vegetation [82], significantly influ-
ence the extent, frequency, and severity of fires. These
findings are consistent with Carrién-Paladines et al. [39]
and Diaz et al. [30], who observed significant differences
in the territory affected by wildfires in southern Ecuador
over four years. Overall, this evidence underscores the
crucial role of climate variability, topography, soil factors,
and vegetation cover in shaping wildfire patterns and
severity in the region.

The low and moderate-low severity of fires identified
in this study does not necessarily imply a threat to eco-
systems, supporting previous research indicating that
these fires are natural components in various terrestrial
ecosystems [18]. Richter et al. [83] and Moya et al. [84]
emphasize adaptations, such as fire-induced germina-
tion mechanisms and fire tolerance in plant communi-
ties facing low-severity fires, with temporary changes in
soil properties. Additionally, Chandra and Bhardwaj [85]
point out that these fires, by burning soil organic mat-
ter, improve nutrient availability and favor plant regen-
eration, while Sulwinski et al. [86] find elevated levels of
phosphate in areas moderately affected by fires.

While this study suggests the benefits of low-sever-
ity fires for ecosystems, their connection to other fac-
tors, especially soil disturbances or the conversion of
natural forests to agriculture, as observed in the 7 de
Julio parish in the Amazon (Fig. 4), could be exert-
ing a significant ecological influence. For instance, the
Ecuadorian Amazon faces challenges such as indis-
criminate logging for forest conversion to agricultural
areas [87], impacting the quality and health of the soil
in its primary properties and affecting vegetation cover
[88]. Therefore, in line with recent studies like Cop-
poletta et al. [89], the low fuel load in cultivated areas,
as evidenced in this study, may lead to low-severity
fires. Hence, conducting further research to verify the
benefits or damages of low-severity burns through a
comprehensive analysis of soil properties (physical,
chemical, and microbiological) is suggested, as tradi-
tional burning has been shown to enhance soil fertility
and aeration while increasing organic matter [90, 91].
Additionally, we recommend additional studies on the
frequency of low-severity burns, as most in the study
area are annual. These studies will be essential to dis-
cern their impacts, considering that repeated annual
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burns, including low-severity ones, may reduce soil
carbon compared to less frequent burns (biannual, tri-
ennial, and quadrennial) [92]. However, we advocate
for the integration of traditional knowledge to enhance
our understanding of the benefits of low-severity fire
on human well-being [30]. This way, it will be possible
to contribute to our understanding of the role of fire in
Ecuadorian ecosystems and strengthen integrated fire
management practices in the country.

On the other hand, we propose the need to implement
alternatives in the studied areas to reduce the annual use
of fire, avoiding possible negative impacts, as indicated by
recent studies [92]. Among the main strategies and alter-
natives to the use of fire are the adoption of conservation
agricultural practices, the implementation of agroforestry
and silvopastoral systems, productive diversification and
the production of organic fertilizers using crop residues
and productive processes, such as those developed in
some areas of Ecuador [93].

In addition to that, there is an urgent need to reform
Ecuador’s legal framework, which lacks essential pro-
visions for traditional burning that affect the study
area and other regions of the country. The absence of
municipal regulations addressing climatic factors and
wildfire severity levels contrasts with regional practices.
For example, Chile has incorporated concepts of sever-
ity into a new wildfire law, focusing on low-severity fires
to reduce dangerous conditions [94]. Similarly, in the
USA, fires of different severity levels are evaluated to
improve ecosystem performance [95]. It is then neces-
sary to reform fire suppression and prevention policies in
Ecuador, since they could be causing ecological damage
over time, due to the accumulation of fuel load as stud-
ied by Norgaard [96]. However, it is encouraging to see
innovative approaches to fire management in Brazil and
Venezuela, where indigenous burning practices are being
integrated into an intercultural governance framework
[14]. These approaches, supported by centuries-old tra-
ditional ecological knowledge, have proven their effec-
tiveness in these nations. Therefore, Ecuador should base
new fire management programs on a detailed assessment
of the local socioecological context, incorporating cru-
cial concepts such as fire climate, severity, and traditional
knowledge about fire use [30]. This is because people are
the direct users of ecosystems, and they are the ones who
use fire. It may be necessary then, that in Ecuador new
ordinances be implemented at the municipal level since
there is still a need to implement controlled and pre-
scribed burning plans with a participatory approach in
the country since in this study, for example, farmers do
not use firebreak strips when carrying out their burning.
However, these plans must be adapted to the human and
environmental needs of each parish studied and in this
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way develop a comprehensive and efficient fire manage-
ment system.

Finally, it is important to highlight that in Ecuador,
farmers use traditional calendars, to identify the optimal
times for conducting their traditional burns. This prac-
tice is like those observed in other ecosystems around
the world, where various studies have documented the
use of seasonal calendars by rural communities, based
on worldviews and ecological factors. For example, in
Arnhem Land, Australia, the population uses the Yugul
Mangi Faiya Kelenda (fire calendar), while in Ecuador,
the indigenous Saraguro community employs the Com-
munity Fire Calendar, which takes into account the
“Veranillo del Nifio” (VAN) phenomenon to carry out
low-severity burns in the high-Andean paramos [30,
58]. The validation of this community fire calendar with
meteorological data, conducted in collaboration with
farmers and representatives of parish councils, ensured
the relevance and accuracy of the calendar in relation
to traditional practices and the specific environmental
conditions of each parish. These hybrid calendars, com-
bining traditional knowledge with climatic information,
are valuable tools for integrated fire management (IFM),
providing a practical and culturally relevant guide for fire
management practices in the various study regions in
Ecuador.

Conclusions

This study has shown that the traditional use of fire by
farmers in three regions of Ecuador is a crucial tool for
the sustainable management of natural resources. Fol-
lowing a traditional burning calendar and ancestral prac-
tices, farmers strategically schedule burning during the
driest months (generally August to September). These
low-severity annual fires offer important benefits to the
ecosystem, in line with global research findings that have
determined that they promote human well-being. How-
ever, to validate the suitability of the annual frequency of
fires in Ecuador, long-term studies on the impacts on soil,
water, vegetation, and native fauna are recommended.
On the other hand, to address the legal loophole associ-
ated with the ancestral use of fire, Ecuador should for-
mulate new regulations at the municipal level that cover
issues such as fire climate, degrees of severity, and tradi-
tional practices. Such legislation would not only offer a
new management perspective, as controlled and pre-
scribed burning plans would be implemented, but would
also improve the current National Integrated Fire Man-
agement Strategy (2021-2025). The knowledge derived
from this study has the potential to guide policymakers in
developing effective measures that encourage responsible
fire use in fire-affected ecosystems in Ecuador.
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Abbreviations
NBR Normalized Burn Ratio

dNBR  Difference between pre-fire and post-fire
TKFU  Traditional knowledge of fire use

Al Alhajuela Parish

SB Simon Bolivar Parish

Sd Susudel Parish
SM San Miguel Parish
7dJ Siete de Julio Parish

LIF Level of information fidelity
ICF Informant’s consensus factor
IFM Integrated fire management

Acknowledgements

This research was carried out with the technical support of the trilateral
cooperation project “Strengthening of Technical and Institutional Capacities
in Ecuador for Integrated Fire Management in Conservation Areas”imple-
mented by the German Cooperation for Sustainable Development through
the Deutsche Gesellschaft fur Internationale Zusammenarbeit (GIZ) GmbH,
the Amazonia Sin Fuego Ecuador Program of the Ministry of Environment and
Water of Ecuador, by the Brazilian Cooperation Agency (ABC), the National
Center for Prevention and Combat of WildFires—Prevfogo of the Brazilian
Institute of Environment and Renewable Natural Resources (Ibama of Brazil),
and the National System of Conservation Areas (SINAC) of Costa Rica.

Author contributions

VC-P contributed to research, data collection, writing—revision and editing,
methodology, and conceptualization. LC-Q was involved in writing—revising
and editing, and resources. HVYM contributed to research and data collection.
JZR was involved in research and data collection. APT contributed to research
and data collection. MZP was involved in research and data collection. NLP
contributed to research and data collection. LJA was involved in writing—
revision, editing, supervision, and project management. AB contributed to
research. J L-C was involved in research.

Funding

This research was carried out with the technical and financial support
of the Universidad Técnica Particular de Loja through the PROY_CONS_
CCBIO_2020_2751 project.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
All informants were asked for their free prior informed consent before inter-
views were conducted.

Consent for publication
All collaborators in this study gave oral consent, and all data are anonymized.

Competing interests

The authors declare that they have no known competing financial interests or
personal relationships that could have influenced the work presented in this
article.

Received: 6 March 2024 Accepted: 29 May 2024
Published online: 06 June 2024

References

1. Whitlock C, Knox MA. Prehistoric burning in the Pacific Northwest: human
versus climatic influences. Fire, Native peoples, and the natural landscape.
2002;195-231.



Carrién-Paladines et al. Journal of Ethnobiology and Ethnomedicine

20.

21

22.

23.

24.

25.

26.

Fowler CT, Welch JR. Introduction: special issue on fire ecology and
ethnobiology. J Ethnobiol. 2015;35:1-3.

Mueller NG. Indigenous people prevented climate-induced ecological
change for millennia: evidence from the prairie peninsula and fire-loving
forests of Eastern North America. In: Climatic and Ecological Change in
the Americas. UK: Routledge; 2023. p. 74-86.

Dey DC, Guyette RP. Anthropogenic fire history and red oak forests in
south-central Ontario. For Chron. 2000;76:339-47.

Head L. Rethinking the prehistory of hunter-gatherers, fire and vegeta-
tion change in northern Australia. Holocene. 1996;6:481-7.

Preece N. Aboriginal fires in monsoonal Australia from historical accounts.
J Biogeogr. 2002;29:321-36.

Scherjon F, Bakels C, MacDonald K, Roebroeks W. Burning the land:

An ethnographic study of off-site fire use by current and historically
documented foragers and implications for the interpretation of past fire
practices in the landscape. Curr Anthropol. 2015;56:299-326.

De Souza JG, Schaan DP, Robinson M, Barbosa AD, Aragao LE, Marimon
BH Jr, Schwantes Marimon B, Brasil da Silva |, Saeed Khan S, Ruji Nakahara
F, Iriarte J. Pre-Columbian earth-builders settled along the entire southern
rim of the Amazon. Nat Commun. 2018;9:1125.

Albuquerque U, Soares J, Loureiro J, Silva R, Silva C, Noébrega R. The
current status of ethnobiological research in Latin America: gaps and
perspectives. J Ethnobiol Ethnomed. 2013;9:2-9.

Gonzélez-Rivadeneira T, Villagémez-Resendiz R, Barili A. The current status
of ethnobiology in ecuador. Ethnobiol Lett. 2018;9:206-13.

. Chisaguano S. La Poblacion Indigena del Ecuador. Instituto Nacional de

Estadistica y Censos (INEC) Quito, Ecuador. 2006.

Butz RJ. Traditional fire management: historical fire regimes and land use
change in pastoral East Africa. Int J Wildland Fire. 2009;18:442-50.

Pyne SJ. Fire: a brief history. Washington: University of Washington Press;
2019.

Mistry J, Bilbao BA, Berardi A. Community owned solutions for fire
management in tropical ecosystems: case studies from Indigenous
communities of South America. Philosophical Trans R Soc B Biol Sci.
2016;371:20150174.

Levis C, Flores BM, Moreira PA, Luize BG, Alves RP, Franco-Moraes J, Lins J,
Konings E, Pefia-Claros M, Bongers F, Costa F, Clement CR. How people
domesticated Amazonian forests. Front Ecol Evol. 2018;5:171.
Arroyo-Kalin M. The Amazonian formative: crop domestication and
anthropogenic soils. Diversity. 2010;2:473-504.

Kay CE. Aboriginal overkill and native burning: implications for modern
ecosystem management. 1995.

Williams GW. Aboriginal use of fire: are there any “natural” plant com-
munities. Wilderness and political ecology: Aboriginal influences and the
original state of nature. 2002;179-214.

Trauernicht C, Brook BW, Murphy BP, Williamson GJ, Bowman DM. Local
and global pyrogeographic evidence that indigenous fire management
creates pyrodiversity. Ecol Evol. 2015;5:1908-18.

Huffman MR.The many elements of traditional fire knowledge: Synthesis,
classification, and aids to cross-cultural problem solving in fire-depend-
ent systems around the world. Ecol Soc. 2013;18:4.

Rojas RabielaT. Los instrumentos de trabajo agricola en el siglo XVI.
Bidtica. 1982;7:205-22.

Ponce EL, Barrera LC, Ferndndez MA. El sistema milpa roza, tumbay
quema de los Maya Itz de San Andrés y San José. Petén Guatemala Ra
Ximhai. 2012;8:71-92.

Lake FK, Wright V, Morgan P, McFadzen M, McWethy D, Stevens-Rumann
C. Returning fire to the land: celebrating traditional knowledge and fire. J
Forest. 2017;115:343-53.

Roos Cl, Zedeno MN, Hollenback KL, Erlick MM. Indigenous impacts on
North American Great Plains fire regimes of the past millennium. PNAS.
2018;115:8143-8.

Hoffman KM, Davis EL, Wickham SB, Schang K, Johnson A, Larking T, Lau-
riault P Le NQ, Swerdfager E, Trant AJ. Conservation of Earth’s biodiversity

is embedded in Indigenous fire stewardship. Proc Natl Acad Sci. 2021;118:

e2105073118.

Hoffman KM, Christianson AC, Dickson-Hoyle S, Copes-Gerbitz K,
Nikolakis W, Diabo DA, McLeod R, Daniels LD. The right to burn: barriers
and opportunities for Indigenous-led fire stewardship in Canada. Facets.
2022;7:464-81.

(2024) 20:60

28.

29.

30.

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Page 25 of 27

. Bilbao BA, Leal AV, Méndez CL. Indigenous use of fire and forest loss in

Canaima National Park, Venezuela. Assessment of and tools for alterna-
tive strategies of fire management in Pemon indigenous lands. Hum
Ecol. 2010;38:663-73.

Guevara-Hernédndez F, Gémez-Castro H, Medina-Sansén L, Rodriguez-
Larramendi LA, Mendoza-Nazar P, McCune NM, Tejeda-Cruz C,
Pinto-Ruiz R. Traditional fire use, governance and social dynamicsin a
Biosphere Reserve of Chiapas. Mexico Pensee. 2013;75:110-25.

Schritt H, Beusch C, Rios Guayasamin P, Kaupenjohann M. Transfor-
mation of traditional shifting cultivation into permanent cropping
systems: a case study in Sarayaku. Ecuador Ecol Soc. 2020;25:1-12.
Diaz SC, Quezada LC, Alvarez LJ, Lojan-Cérdova J, Carrién-Paladines V.
Indigenous use of fire in the paramo ecosystem of southern Ecuador: a
case study using remote sensing methods and ancestral knowledge of
the Kichwa Saraguro people. Fire Ecol. 2023;19:5.

. Fache E, Moizo B. Do burning practices contribute to caring for coun-

try? Contemporary uses of fire for conservation purposes in indig-
enous Australia. J Ethnobiol. 2015;35:163-82.

Villaescusa P, Seidel M, Nothnagel M, Pinotti T, Gonzélez-Andrade F,
Alvarez-Gila O, de Pancorbo MM, Roewer L. A Y-chromosomal survey
of Ecuador’s multi-ethnic population reveals new insights into the
tri-partite population structure and supports an early Holocene age of
the rare Native American founder lineage C3-MPB373. Forensic Sci Int
Genet. 2021;51: 102427.

Messina JP, Cochrane MA. The forests are bleeding: How land use
change is creating a new fire regime in the Ecuadorian Amazon. J Lat
Am Geogr. 2007;6:85-100.

Wooster MJ, Roberts GJ, Giglio L, Roy DP, Freeborn PH, Boschetti L,
Justice Ch, Ichoku Ch, Schroeder W, Davies D, Smith A, Setzer A, Csiszar
I, Strydom T, Frost Pf, Zhang T, Xu W, de Jong M, Johnston J, Ellison L,
San-Miguel-Ayanz J. Satellite remote sensing of active fires: History
and current status, applications and future requirements. Remote Sens
Environ. 2021;267: 112694.

Santos SMBD, Bento-Gongalves A, Franca-Rocha W, Baptista G. Assess-
ment of burned forest area severity and postfire regrowth in chapada
diamantina national park (Bahia, Brazil) using dnbr and rdnbr spectral
indices. Geosciences. 2020;10:106.

Rodrigues GC, Braga RP. Evaluation of NASA POWER reanalysis products
to estimate daily weather variables in a hot summer mediterranean
climate. Agronomy. 2021;11:1207.

Cabrera JBZ, Quevedo-Guerrero JN, Ledn-Salto MB, Mora-Encalada

CP. Algoritmo semiautomatico para mapear incendios forestales y
estimar la recuperacion vegetal mediante imdgenes landsat-8. Revista
Tecnoldgica-ESPOL. 2020;32:35-42.

Reyes-Bueno F, Lojan-Cérdova J. Assessment of three machine
learning techniques with open-access geographic data for forest fire
susceptibility monitoring—evidence from southern ecuador. Forests.
2022;13:474.

Carrién-Paladines V, Hinojosa MB, Jiménez Alvarez L, Reyes-Bueno F,
Correa Quezada L, Garcia-Ruiz R. Effects of the severity of wildfires on
some physical-chemical soil properties in a humid montane scrub-
lands ecosystem in southern Ecuador. Fire. 2022;5:66.

Yangua-Solano E, Carrién-Paladines V, Benitez A. Effects of fire on
pyrodiversity of terricolous non-tracheophytes photoautotrophs in a
paramo of Southern Ecuador. Diversity. 2023;15:1176.

Iglesias J, Morales C, Chinchero M, Herrera X, Santiana J, Sola A, Cadena
V, Bustos A, Periche O, Viteri G. Un insumo clave de informacion ambi-
ental en el pafs:"Mapa de Ecosistemas del Ecuador Continental” 2015.
Fries A, Rollenbeck R, Bayer F, Gonzalez V, Onate-Valivieso F, Peters T,
Bendix J. Catchment precipitation processes in the San Francisco valley
in southern Ecuador: combined approach using high-resolution radar
images and in situ observations. Meteorol Atmos Phys. 2014;126:13-29.
Bianchi E. Dindmica espacio-temporal de la relacién entre el clima 'y

el funcionamiento de los ecosistemas de Patagonia Norte [Doctoral
thesis, Universidad Nacional de COMAHU]J. Repositorio del CONICET.
2016; https:/ri.conicet.gov.ar/handle/11336/79967

POWER NASA Project. The Prediction of Worldwide Energy Resource
(POWER) [Conjunto de datos]. NASA Applied Sciences Program within
the Earth Science Division of the Science Mission Directorate. 2020;
https://power.larc.nasa.gov7’


https://ri.conicet.gov.ar/handle/11336/79967
https://power.larc.nasa.gov7

Carrién-Paladines et al. Journal of Ethnobiology and Ethnomedicine

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Kanga S, Kumar S, Singh SK. Climate induced variation in forest fire using
remote sensing and GIS in Bilaspur District of Himachal Pradesh. Int J Eng
Comput Sci. 2017;6:21695-702.

Pazmifio D. Peligro de incendios forestales asociado a factores climaticos
en Ecuador. FIGEMPA Investig y Desarro. 2019;7:10-8.

Izquierdo J, Nogales F, Yanez AP. Anélisis herpetofaunistico de un

bosque humedo tropical en la Amazonia Ecuatoriana. Ecotrépicos.
2000;13:29-42.

Holdridge LR. Life zone ecology. Life zone ecology Rev, Ed, San José. Trop-
ical Science Center, 1967;206.

Autonomous Decentralized Government rural parish Alhajuela. (GAD

of Alhajuela). Plan de desarrollo y ordenamiento territorial parroquia
Alajuela. Portoviejo, Ecuador, Administracién 2015-2019. 2019.
Autonomous Decentralized Government rural parish Simén Bolivar. (GAD
of Simén Bolivar). Plan de desarrollo y ordenamiento territorial parroquia
Simén Bolivar. Santa Elena, Ecuador, Administracion 2015-2019. 2019.
Aguirre Z, Medina B, Josse C. Arbustal Semideciduo del Sur de los Valles.
En Ministerio del Ambiente del Ecuador 2012. Sistema de Clasificacion de
los Ecosistemas del Ecuador Continental. Quito: Ministerio del Ambiente
del Ecuador; 2012. p. 235.

Autonomous Decentralized Government rural parish Susudel. (GAD of
Susudel). Plan de desarrollo y ordenamiento territorial de la parroquia
Susudel. Ecuador: Azuay; 2015.

Herndndez Reinoso JE. Plan de salvaguardia del patrimonio cultural inma-
terial de la Fiesta del Principe San Miguel, cantén Salcedo, provincia de
Cotopaxi (Bachelor’s thesis, Escuela Superior Politécnica de Chimborazo).
2018.

Canadas Cruz L. Mapa bioclimatico y ecolégico del Ecuador. Mag-
Pronareg. 1983.

Association of Ecuadorian Municipalities - AME. 2022. Canton Shushu-
findi, Sucumbios, Ecuador. https://ame.gob.ec/2010/05/20/canton-shush
ufindi/

Oomen-Welke K, Hilbich T, Schlachter E, Mdiller A, Anton A, Huber R.
Spending time in the forest or the field: qualitative semi-structured inter-
views in a randomized controlled cross-over trial with highly sensitive
persons. Front Psychol. 2023;14:1207627.

Kadam P, Bhalerao S. Sample size calculation. Int J Ayurveda Res.
2010;1:55.

McKemey M, Ens E, Rangers Y, Costello O, Reid N. Indigenous Knowledge
and Seasonal Calendar Inform Adaptive Savanna Burning in Northern
Australia. In: Ecosystem Management. Armidale: School of Environmental
and Rural Science, University of New England; 2020.

Yaseen G, Ahmad M, Sultana S, Alharrasi AS, Hussain J, Zafar M. Eth-
nobotany of medicinal plants in the Thar Desert (Sindh) of Pakistan. J
Ethnopharmacol. 2015;163:43-59.

Khan MPZ, Ahmad M, Zafar M, Sultana S, Ali MI, Sun H. Ethnomedicinal
uses of edible wild fruits (EWFs) in Swat Valley, Northern Pakistan. J
Ethnopharmacol. 2015;173:191-203.

Casademont Colomer L. Criminologia verde y los incendios forestales:
prevencion social del delito de incendio. 2022.

de Araujo Santos GA, Morais Filho LFF, de Meneses KC, da Silva Junior
CA, de Souza Rolim G, La Scala Jr N. Hot spots and anomalies of CO, over
eastern Amazonia, Brazil: a time series from 2015 to 2018. Environ Res.
2022;215:114379.

Rollenbeck R, Bendix J. Rainfall distribution in the Andes of southern
Ecuador derived from blending weather radar data and meteorologi-

cal field observations. Laboratory for Climatology and Remote Sensing
(LCRS), Faculty of Geography, University of Marburg, Deutschhausstr.
2011,

Suresh Babu KV, Roy A, Aggarwal R. Mapping of forest fire burned severity
using the sentinel datasets. Int Arch Photogramm Remote Sens Spat Inf
Sci. 2018;42:469-74.

Reznik T, Chytry J, Trojanové K. Machine learning-based processing proof-
of-concept pipeline for semi-automatic sentinel-2 imagery download,
cloudiness filtering, classifications, and updates of open land use/land
cover datasets. ISPRS Int J Geoinf. 2021;10:102. https://doi.org/10.3390/
ijgi10020102.

van Dijk D, Shoaie S, van Leeuwen T, Veraverbeke S. Spectral signature
analysis of false positive burned area detection from agricultural harvests
using Sentinel-2 data. Int J Appl Earth Obs Geoinf. 2021;97: 102296.
https://doi.org/10.1016/j.jag.2021.102296.

(2024) 20:60

67.
68.
69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Page 26 of 27

Parker BM, Lewis T, Srivastava SK. Estimation and evaluation of multi-dec-
adal fire severity patterns using Landsat sensors. Remote Sens Environ.
2015;170:340-9.

COIP - Integral Penal Code 180 §. 2014. Ecuador.

Nikolakis W, Roberts E, Hotte N, Ross RM. Goal setting and Indigenous fire
management: a holistic perspective. Int J Wildland Fire. 2020;29:974-82.
Anderson MK. The use of fire by Native Americans in California. Berkeley,
California, USA: Fire in California’s ecosystems. University of California
Press; 2006. p. 417-30.

Clark SA, Miller A, Hankins DL. Good fire: current barriers to the expansion
of cultural burning and prescribed fire in California and recommended
solutions. Karuk Tribe, Happy Camp, CA. https://karuktribeclimatecha
ngeprojects.fileswordpress.com/2021/03/karuk-prescribed-fire-rpt_
final-1.pdf. 2021.

Bowecutt F. Tanoak landscapes: tending a Native American nut tree.
Madrono. 2013;60:64-86.

Long JW, Lake FK. Escaping social-ecological traps through tribal stew-
ardship on national forest lands in the Pacific Northwest, United States of
America. Ecol Soc. 2018;23:1-10.

Lynn K, Daigle J, Hoffman J, Lake F, Michelle N, Ranco D, Viles C, Voggesser
G, Williams P. The impacts of climate change on tribal traditional foods.
Clim Change. 2013;120:545-56.

Larson AJ, Cansler CA, Cowdery SG, Hiebert S, Furniss TJ, Swanson ME,
Lutz JA. Post-fire morel (Morchella) mushroom abundance, spatial struc-
ture, and harvest sustainability. For Ecol Manag. 2016;377:16-25.
Vézquez-Varela C, Martinez-Navarro JM, Abad-Gonzalez L. Traditional fire
knowledge: a thematic synthesis approach. Fire. 2022;5:47.

Higuera PE, Metcalf AL, Miller C, Buma B, McWethy DB, Metcalf EC, Rata-
jczak Z, Nelson CR, Chaffin BC, Stedman RC, McCaffrey S, Schoennagel T,
Harvey BJ, Hood ShH, Schultz CA, Blanck AE, Campbell D, Haggerty JH,
Keane RE, Krawchuck MA, Kulig JC, Virapongse A. Integrating subjective
and objective dimensions of resilience in fire-prone landscapes. Biosci-
ence. 2019;69:379-88.

Schmidt IB, Eloy L. Fire regime in the Brazilian Savanna: Recent changes,
policy and management. Flora. 2020;268: 151613.

Bolano-Diaz S, Camargo-Caicedo Y, Soro TD, N'Dri AB, Bolafo-Ortiz TR.
Spatio-temporal characterization of fire using MODIS data (2000-2020) in
Colombia. Fire. 2022;5:134.

White BLA. Satellite detection of wildland fires in South America. Floresta.
2019;49:851-8.

Romero-Ruiz M, Etter A, Sarmiento A, Tansey K. Spatial and temporal
variability of fires in relation to ecosystems, land tenure and rainfall in
savannas of northern South America. Glob Chang Biol. 2010;16:2013-23.
Shvidenko AZ, Nilsson S. Extent, distribution, and ecological role of fire in
Russian forests. Fire Climate Change Carbon Cycling Boreal Forest. 2000.
https://doi.org/10.1007/978-0-387-21629-4_8.

Richter C, Rejmanek M, Miller JE, Welch KR, Weeks J, Safford H. The species
diversityx fire severity relationship is hump-shaped in semiarid yellow
pine and mixed conifer forests. Ecosphere. 2019;10: e02882.

Moya D, Gonzélez-De Vega S, Lozano E, Garcia-Orenes F, Mataix-Solera

J, Lucas-Borja ME, de Las Heras J. The burn severity and plant recovery
relationship affect the biological and chemical soil properties of Pinus
halepensis Mill. stands in the short and mid-terms after wildfire. J Environ
Manage. 2019;235:250-6.

Chandra KK, Bhardwaj AK. Incidence of forest fire in India and its effect on
terrestrial ecosystem dynamics, nutrient and microbial status of soil. Int J
Agric For. 2015;5:69-78.

Sulwinski M, Metrak M, Wilk M, Suska-Malawska M. Smouldering fire in a
nutrient-limited wetland ecosystem: Long-lasting changes in water and
soil chemistry facilitate shrub expansion into a drained burned fen. Sci
Total Environ. 2020;746: 141142.

Vasco C, Torres B, Pacheco P, Griess V. The socioeconomic determinants
of legal and illegal smallholder logging: evidence from the Ecuadorian
Amazon. For Policy Econo. 2017;78:133-40.

Carrién-Paladines V, Benitez A, Garcfa-Ruiz R. Conversion of Andean
montane forest to exotic forest plantation modifies soil physicochemical
properties in the buffer zone of Ecuador’s Podocarpus National Park. For-
est Ecosyst. 2022;9: 100076.

Coppoletta M, Merriam KE, Collins BM. Post-fire vegetation and fuel
development influences fire severity patterns in reburns. Ecol appl.
2016;26:686-99.


https://ame.gob.ec/2010/05/20/canton-shushufindi/
https://ame.gob.ec/2010/05/20/canton-shushufindi/
https://doi.org/10.3390/ijgi10020102
https://doi.org/10.3390/ijgi10020102
https://doi.org/10.1016/j.jag.2021.102296
https://karuktribeclimatechangeprojects.files.wordpress
https://karuktribeclimatechangeprojects.files.wordpress
https://doi.org/10.1007/978-0-387-21629-4_8

Carrién-Paladines et al. Journal of Ethnobiology and Ethnomedicine (2024) 20:60

90.

ot

92.

93.

94,

95.

96.

Long JW, Lake FK, Goode RW. The importance of Indigenous cultural
burning in forested regions of the Pacific West, USA. For Ecol Manag.
2021;500: 119597.

Anderson MK, Lake FK. Beauty, bounty, and biodiversity: the story of
California Indian’s relationship with edible native geophytes. Fremontia.
2016;44:44-51.

Parwada C, Magomani MI, van Tol JJ. Impacts of different prescribed fire
frequencies on selected soil chemical properties in a semi-arid savannah
thornveld. Cogent Environ Sci. 2020;6:1868171.

Carrion-Paladines V, Fries A, Gomez-Munoz B, Garcia-Ruiz R. Agrochemi-
cal characterization of vermicomposts produced from residues of Palo
Santo (Bursera graveolens) essential oil extraction. Waste Manage.
2016;58:135-43.

Castillo M, Saavedra J, Brull BB. Severidad del fuego en los mega incen-
dios forestales ocurridos en chile, en 2017. Acciones para mejorar el
sistema de proteccion. Territorium. 2019;26:5-18.

Stephens SL, Ruth LW. Federal forest-fire policy in the United States. Ecol
Appl. 2005;15:532-42.

Norgaard KM. The politics of fire and the social impacts of fire exclusion
on the Klamath. Humboldt J Soc Relat. 2014;36:77-101.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 27 of 27



	Exploring the ethnobiological practices of fire in three natural regions of Ecuador, through the integration of traditional knowledge and scientific approaches
	Abstract 
	Introduction
	Materials and methods
	Study area on the continental Ecuador
	Specific study areas
	Collecting data on human use of fire in three natural regions of Ecuador
	Quantitative data analysis
	Legal context of wildfires in Ecuador
	Determination of the fire season
	Determination of severity of wildfires

	Results
	Traditional use of fire
	Legal regulations
	Meteorological influences on wildfire season 
	Wildfires severity
	Integration of traditional knowledge and meteorological data for fire calendar development

	Discussion
	Conclusions
	Acknowledgements
	References


