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Abstract

In Mexico, forest ecosystems are disturbed by fires and generally these are
considered to have negative impacts. However, it is important to consider that
fire is an element of these ecosystems, and is important for its functionality.
So it should be understood that in many cases the effects of a forest fire are
beneficial, which can be determined through studies of population dynamics
of these ecosystems. However, most of these studies currently focused only on
aspects of species composition, with few cases concerning the analysis of the
structure and density. In this study, a comparative analysis of the vegetation
showed that conditions prevailing between burned and unburned areas of a
site covered by microphyll desert species (shrubs and mesquite). The results
suggest that the structure and density conditions of vegetation between
burned and unburned areas are not statistically different. This is highlighted
because one year after the fire occurred there is no evidence that fire had al-
tered the structure and density of vegetation. Moreover, both in burned and
unburned areas, vegetation had a healthy condition. Finally, although this
may suggests that the fire was of low intensity, which resulted in a low
impact on vegetation, in future studies it is recommended to determine if
the same results are observed under different possible fire behavior and in-
tensity.
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1. Introduction

Fire has an important role in the dynamic of almost every forest and grasslands,
as it is a factor that restarts the cycle of ecological succession (Flores &
Rodriguez, 2006; Fitch, 2006; Jardel et al., 2009). Because of this, we want to un-
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derstand and define under what conditions fire could have positive effects to
support fire management objectives (Jardel et al., 2009; Sheuyange et al., 2005;
Anaya, 1989). Generally, fire is seen as a destructive factor and a threat against
forest ecosystems (Bakirci, 2010), therefore, they should be controlled (Villers,
2006; Pyne, 1995; Rodriguez et al., 2002). The rationale is that in some ecosys-
tems, fire constitutes a limiting factor for species that are susceptible to it (Pau-
sas & Keeley, 2014; Moretti et al., 2006; Pausas, 1998; Uhl & Kauffman, 1990).
On the other hand, for fire dependent species, it’s an alternative that guarantees
their permanence (Ice et al., 2004; Flores & Benavides, 1994; Boerner, 1982; De-
Bano & Conrad, 1978). This fire dependency also is related to the intensity and
frequency of the fires (Rodriguez & Sierra, 1995; Alexander, 1982; DeBano et al.,
1970), under which condition the processes and the temporality of the recupera-
tion of ecosystems perturbed by fire (Syphard et al., 2006; Varner et al., 2005).
Fire perturbation can be determined through studies of population dynamics in
forest ecosystems (Roques et al., 2001; Hoffmann, 1999; Young & Evans, 1978).
However, the majority of population dynamics studies are focused only in as-
pects concerning to evaluate or monitor alterations in the species composition of
forest ecosystems (Bergeron, 2000), through determining parameters, such as
species similarity indices (e.g. Sorensen), measuring specific richness (e.g. diver-
sity index of Simpson, Menhinick and Margalef), and species accumulation
functions, etc. Nevertheless, there are few studies on alteration of the structure
and density of ecosystems (Hall et al., 2005; Peterson & Reich, 2001). Moreover,
the structure parameters are interpreted in terms of the composition, when the
structure of communities is described in terms of proportional abundance of
each species (Hickler et al., 2004; Moreno, 2001). Accordingly, in this study, I
conducted a comparative analysis with regard to the vegetation in areas per-
turbed by a superficial fire and areas not perturbed, in a semi-desert ecosystem,
considering the structure, and also the density of different vegetation forms of
life (trees, bushes, grass and herb). My starting hypothesis is that fire does not

alter the studied population dynamics.

2. Methods
2.1. The role of Fire in Forest Ecosystems

Fires are a recurrent natural phenomena in forest ecosystems; and historical
analysis have determined that periodic fires have been present during millen-
niums (Gollberg et al., 2001). In addition to natural fires, humans have also been
a cause of forest fires since prehistory (Stocks et al., 2002; Keeley & Fothering-
ham, 2002), defining in an important way the configuration of forest ecosystems.
When a fire does not show up in a long period of time the vegetation’s dynamics
advances to very specific conditions (Varner et al., 2007; Briggs et al., 2005), such
as: a) a higher density, which defines the poor illumination in the lower parts of

the forest; b) a scarce defined structure, where there are different generations of
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the same species, forming mixed strata (intra or inter-specifically); and ¢) a mix
of high species, which can implicate the gradual displacement of certain species.
Thus, vegetation that initially conformed an ecosystem can be modified or dis-
placed by more advance species of vegetation (Turner et al., 1997). Therefore, we
can say that fire stops the plant succession cycle, allowing a characteristic forest
vegetation to continue in a determined area (Verner et al, 2007; Uhl et al,
1981).

2.2. Description of the Study Area

The study area is located in the state of Jalisco, Mexico, approximately 22 km
south of Guadalajara city (647,062.97 (X); 2250,434.90 (Y) (UTM 13)). The total
area surface is 27.25 ha, of which 0.65 are covered by mezquital and 26.60 by
microphyll desert shrub (deciduous tropical). A 2011 forest fire burned 18 ha in
the area. This area is located in a region with a weather type (A)C(w0)(w)
(Garcia, 2004), which is tempered semi-warm, of the sub-humid with summer
rains, mainly during the months of June to September. The average annual rain-
fall is 776 mm with winter rains representing less than 5 mm. The average an-
nual temperature is 20.3°C ranging from 16.2°C to 23.7°C. In the study area
within the forest water basin, there are four types of dominant soil identified:
feozem, vertisol, luvisol and solonetz.

Though the fire occurred in late February of 2011, a year later little evidence
of such fire was found. However, we must consider two important periods of
rain that occurred: 1) the 2011 raining season (from June to September); and 2)
a series of rains during the month of January of 2012. This allowed the vegeta-
tion in the burnt area to regrow and to recuperate. Data for this comparative
study between burned and unburned areas was collected during the first week of
March 2012.

2.3. Design of the Comparative Analysis

Sampling design. The strategy used was to first establish, a series of areas
with similar conditions. For this, I used satellite images, allowing us to define
nine different homogeneous response areas (HRA) based on density, color,
proximity and texture (Figure 1).

A stratified random sampling procedure was used to determine the distribu-
tion of the sample plots. The strata was defined by homogeneous response poly-
gons and the sites were distributed completely randomly inside the polygon;
trying to have at least two sites for each condition (burned/unburned) within
each polygon. Three elements were used to structure the plots: a) a circle of
78.54 m’, inside of which all vegetation was evaluated; b) a 30 x 30 cm square,
located in the middle of the circle, which was used to take samples of biomass;
and c) a point where floor samples were taken, located in the middle of the cir-
cle. The purpose of this design was to be able to estimate the average and the va-

riance of the following variables measured for trees, shrubs, cactus and nopals:
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Figure 1. Distribution of the homogeneous response polygons along the burned area of
the evaluated plots (Q = Burned, NQ = Unburned).

crown diameter, total height, condition (alive or dead), and damage. In the case
of the herbs and grass, in addition to height, density was also evaluated (percen-
tage of presence in the area of 78.54 m?).

Statistical analysis. The intent of the analysis was to determine if there was
any difference in the structure and density of the vegetation in the burned un-
burned areas. I used the Student #test as a statistic decision criterion because
this test is used to contrast hypothesis about population means that are normally
distributed. It also provides approximate results of the contrasts in the means of

large enough samples when these populations are not normally distributed.

3. Comparative Analysis Results

Qualitative comparison by plot. Each one of the nine HRA polygons was
characterized to compare between burned and unburned conditions. As an ex-
ample, polygon F was located in the north-center part of the plot studied, and is
composed by a shrub stand (Figure 2). The density of these shrubs was very
similar between the burned and unburned areas. Although the dimensions of the
vegetation found in this polygon were very similar, the shrubs in the areas
burned were, on average, smaller. Nevertheless, in both cases some isolated trees
and also grasses (15 to 20 cm) with a relatively low density can be observed. In
the unburned area trees were taller than in the burned area. However, the struc-
ture and density of the vegetation were very similar between the both areas.

General comparison. Before presenting separate results for the burned and
unburned conditions of the vegetation I calculated the averages of each of the
variables measured (Table 1).

Table 2 presents the averages of the vegetation in the burned and unburned
areas. In general the vegetation in both conditions is very similar. However, in

the cases of trees, nopals and grasses, the vegetation is taller in the burned areas.
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Figure 2. Mezquital and microphyll desert shrub of sites located in burned and unburned
areas from polygon F.

Table 1. Variables averages (considering every sampled site) by vegetation type. NE =
Not evaluated parameter.

Vegetation type  Height (m) Crown diameter (m) Coverage (%) Density (78.5 m?)

Tree 291 2.85 NE 3.64
Shrub 1.82 1.54 NE 4.11
Cactus 1.65 1.01 NE 1.67

Creeper 3.80 1.10 NE 1.00

Herb 0.20 0.19 2.87 NE

Nopal 1.86 1.45 NE 2.46
Organ pipe catus 1.56 0.70 NE 1.00
Grass 0.17 0.23 32.57 NE

In terms of density, trees presented similar conditions. The same pattern was
seen in herbs and grass. However, the density in shrubs was greater in burned
areas. On the other hand, the density in cactus was greater in the unburned
areas, which also happened with the nopals. Nevertheless, I cannot ascribe these
conditions to the presence or absence of fire. But rather correspond to the way in
which the natural distribution of the vegetation had prevailed in the region.

The quantitative comparative analysis suggests that, except for crown diame-
ter (p = 0.0152), there is no statistically significant differences in vegetation be-
tween burned and unburned. However, the final criteria to decide the difference
or similarity between conditions was through the results of the “#’ test at a alev-
el of 0.05 (Table 3). If the computed #-test value is less than the #test table value
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Table 2. Average of the evaluated variables, by vegetation type, corresponding to burned
and not burned sites. The first value corresponds to unburned (UB) areas, while the
second value corresponds to burned (B) areas. NE = not evaluated parameter; NP = Ve-
getation type not present.

. Height Diameter Crown diameter Coverage Individuals
Vegetation type

(m) (cm) (m) (%) (78.5 m?)
Tree (UB) 2.68 27.11 2.79 NE 3.50
(B) 3.79 15.50 5.24 NE 3.40
Shrub (UB) 1.98 NE 2.19 NE 3.29
(B) 1.64 NE 1.67 NE 471
Cactus (UB) 1.28 NE 0.60 NE 2.00
(B) 1.90 NE 1.10 NE 1.33
Creeper (UB) NP NP NP NP NP
(B) 3.80 NE NE NE NE
Herb (UB) 0.24 NE NE 3.41 NE
(B) 0.17 NE 0.18 2.52 NE
Nopal (UB) 1.69 14.00 1.46 NE 3.20
(B) 2.01 6.11 1.86 NE 1.93
Organ pipe cactus (UB) 1.56 19.00 0.70 NE 1.00
(B) NP NP NP NP NP
Grass (UB) 0.15 NE NE 34.34 NE
(B) 0.18 NE NE 31.05 NE

Table 3. Results of the #-student test (at a 0.05 level) used as the decision criteria to test
the hypothesis that there is no difference in vegetation conditions between burned and
unburned areas.

Variable Tree Shrub Herb Grass Nopal Fules
Height 0.09147 0.37324 0.25645 0.34380 0.51640 -
Crown 0.01515 038494  —eeee e

Individuals 091133 0.35021 e e 036332 -
Density ~ -----  --m-- 0.59480 0.40331 0.03089%  -----
Weight ~ —--= eeeee e eeeen 0.21805

there is no significant statistical difference between the compared variables.
From the values in Table 3, we can infer that in every case the statistic suggests
that the vegetation variables between burned areas and unburned areas are the
same.

Tree evaluation. A comparative analysis was also performed at the level of
the principal vegetation type evaluated: trees. The dominant tree species of the
area under study was Acacia farnesiana (huizache) In general, the largest trees
were found in the burned areas (Table 4). The same is true for density and di-
ameter; even though in the case of density, the number of individuals was very
similar. Again, I believe that this was not the result of fire occurrence in the area,
but of the natural population dynamics of trees.

Shrub evaluation. The shrub vegetation was represented mainly (99%) by

Acacia farnesiana (huizache); even though there were some individuals of
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Table 4. Statistics of the evaluated variables by vegetation type for the unburned and
burned sites.

Condition Vegetation Statistic  Height (m) . Crown Individu';lls Density

type diameter (m) (78.5 m?) (%)
Unburned Tree Mean 2.460 1.696 3.182 ---
Variance 4.370 1.711 7.364 ---
Shrub Mean 2.095 1.570 4.182 ---
Variance 0.824 0.613 14.96 ---

Herbs Mean 0.239 - - 3.178

Variance 0.063 --- --- 35.63

Grass Mean 0.153 - - 34.28

Variance 0.017 --- --- 806.8
Nopal Mean 2.17 1.072 3.200 ---
Variance 1.581 0.223 11.51 ---
Burned Tree Mean 3.786 2.920 3.400 .-
Variance 0.691 0.201 14.30 ---
Shrub Mean 1.804 1.330 5.524
Variance 0.562 0.352 12.66 ---

Herb Mean 0.171 --- --- 2.471

Variance 0.0.41 --- --- 16.135

Grass Mean 0.181 --- -—- 29.697

Variance 0.022 --- --- 487.97
Nopal Mean 2.530 1.624 2.090 ---
Variance 1.538 0.369 2.491 ---

Nicotianaglauca. In this case, shrub vegetation was taller in burned areas, which
is the opposite from trees. Nevertheless, the dimensions of the crown diameter
were similar. On the other hand, the shrubs density was greater in the burned
areas. However, as in previous cases, I believe that this is not the result of fire
occurrence in the area, but of the natural population dynamics of shrubs.

Herb evaluation. The herb vegetation was represented by various species
(Table 5). As in the case of the shrubs, the height and density measurements of
herbs were greater in burned areas (Table 4). Once more I note that this is not
the result of fire occurrence in the area; though evaluated, I think that it could be
due to the presence of cattle. Nevertheless, in general, burned and unburned
areas are considered similar.

Grass evaluation. The grass vegetation is dominated by the species listed in
Table 6. On average, grasses were taller in the burned areas. However, this vege-
tation density was slightly greater in the unburned areas. Though grass height
was slightly taller in the burned area, statistically there was no difference be-

tween burned and unburned areas. On the contrary, the major variability of
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Table 5. Floristic list of herbaceous species present in the area of study.

Family
Acantaceae
Aizoaceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Brassicaceae
Cucurbitaceae
Euphorbiaceae
Euphorbiaceae
Fabaceae
Lamiaceae
Lamiaceae
Lemnaceae
Malvaceae
Malvaceae
Musaceae
Plantaginaceae
Poaceae
Polemoniaceae
Polygonaceae
Pontederiaceae
Solanaceae
Solanaceae
Solanaceae
Solanaceae
Solanaceae
Solanaceae

Typhaceae

Gender
Tetramerium
Sesuvium
Dyssodia
Eupathorium
Tithonia
Galinsoga
Lepidium
Apodanthera
Croton
Ricinus
Trifolium
Salvia
Leonotis
Lemna
Sida
Anoda
Musa
Plantago
Phragmites
Loeselia
Polygonum
Eichhornia
Capsicum
Nicotiana
Physalis
Datura
Jaltomata
Solanum

Typha

Species
nervosum
portulacastrum
papposa
sp.
sp.
sp.
oblongum
undulata
ciliato-glandulosus
comunis
repens
tiliifolia
nepetifolia
sp.
rhombifolia
acerifolia
sapientum
lanceolata
australis
glandulosa
amphibium
sp.
annuum
glauca
lagascae
stramonium
procumbens
elaeagnifolium

domingensis

Table 6. Floristic list of herbaceous grass species present in the study area.

Family
Cyperaceae
Cyperaceae

Poaceae

Poaceae

Poaceae

Gender
Cyperus
Schoenoplectus

Sporobolus
Distichlis

Brachiaria

Species
esculentus
sp.
pyramidatus
spicata

mutica
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density was found in unburned areas. This result cannot be attributed to fire
occurrence in the area, but to the natural population dynamics of grass.

Nopals evaluation. The nopals vegetation in the study area correspond to the
specie Opuntia atropes. The measurements of all three variables (density, height,
and crown diameter) were very similar. However, the measurements for height
and crown diameter were slightly greater in the burned areas. The number of
nopals per area (density) was larger in the burned areas. I believe this finding is
not the result of fire occurrence in the area, but of the natural manifestation of
population dynamics of nopals.

Fuel material evaluation. Forests fuels are composed by woody material of
many sizes that vary from small grass and herbs up to big shrubs and trees
(Brown et al., 1982), and that may be burn. Prevailing environmental conditions
also influence forest fuels and its burnability (Rodriguez, 1996). All the fuel ma-
terial collected in the 30 x 30 cm squares was evaluated. The material was dried
until a constant weight, and measurement in tons per hectare was estimated.
This fuel material contains mainly light fuels, formed by grass, dead twigs,
dead leaves, herbs (dry and green) and humus (vegetable material in decom-
position).

Initially we would expect a decrease of the fuel loads in burned areas. As ex-
pected fuel loads were slightly greater in unburned areas. However, the fuel loads
means for the unburned and burned areas were very similar (2.704 tn/ha and
2148 tn/ha correspondingly). But the variance values (2.672 tn/ha and 0.821
tn/ha respectively) imply a greater variability in the burned areas. However, I
remark that this is not result of the fire occurrence in the area. But rather as
product of the distribution of the different vegetation types that are located in

the area; which contribute to the production of fuels.

4. Conclusion

The main objective of this research was to determine if fire affected the study
area ecosystem to the point in which the structure and density of the vegetation
would be different between the burned and unburned sites. Based on our study
results, I can conclude that there is no difference in vegetation structure and
density conditions between the burned and unburned areas. I could not find any
evidence that a fire occurring a year earlier in the study area had permanently
altered the vegetation in the area. Though the fire could initially affect the vege-
tation of grasses and herbs, this vegetation recovered completely after about a
year of the fire occurrence. Similarly, from the observed results and the level of
impact of the fire evaluated in the study area I can conclude that it was a low in-
tensity fire, which allowed a rapid recovery of the burned vegetation. In addi-
tion, after a year, there was no evidence or traces, of the occurrence of a fire in
the study area. Finally, in general, the vegetation in both burned areas and un-
burned areas, showed a healthy condition. It was impossible to appreciate any

damage caused by the fire, or any other agent of disturbance.
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