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Abstract

Beaucarnea inermis is a threatened plant of the seasonally dry tropical forests of the northeastern Sierra Madre Oriental
mountains. It has been affected by habitat loss and fragmentation, mainly from changes in land use and poaching. The number
of B. inermis plants, sexual proportion, and structural parameters were recorded in natural populations inside the Sierra del
Abra Tanchipa Biosphere Reserve and unprotected sites. Effects of chronic disturbance on demography parameters and
asymmetry coefficient were estimated. Average population density is 280 ind*ha~' inside the protected area and
186 ind*ha~" in unprotected sites. Life tables indicate a high seedling to juvenile mortality rate, but life expectancy increases
in juveniles, suggesting a survival type Ill curve. Population size distribution skewness indicates differences associated with
disturbance. Sex ratio was 0.93:1 (m:f) inside the protected area and 0.76:1 (m:f) in unprotected sites. Anthropogenic
disturbance affects life expectancy and the survival and mortality rates mainly in early life classes; however, once the adult
stage is reached, mortality rate is reduced and survival rate increases. The natural protected area represents a refuge for the
species from the effects of anthropogenic disturbance and illegal poaching. Additional studies are needed to evaluate the
genetic diversity in B. inermis in protected and unprotected sites, and how it is affected by disturbance. Also, it is important to
highlight other species inside the protected area such as Dioon edule, Zamia fischeri, and Stanhopea tigrina, which are con-
sidered as endangered or threatened.
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Beaucarnea inermis (S.Watson) Rose (Asparagaceae) is
an endemic plant of the Sierra Madre Oriental (SMOr),
occurring in the states of San Luis Potosi and Tamaulipas
in Mexico. It is listed as a threatened species (A) under
Official Mexican Standard NOM-059-SEMARNAT-
2010 (SEMARNAT, 2010) and is listed in Appendix II
of the Convention on International Trade in Endangered
Species of Wild Fauna and Flora with other species that
are not necessarily threatened with extinction now but
may become endangered if trade is not tightly controlled.
Locally, it is known as soyate and cuhuich from ancient
languages. Along with other Beaucarnea species, B. iner-
mis is known in the market as pata de elefante, elephant’s
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foot palm, bottle palm, and the ponytail palm (Figure 1).
All the species in the genus are used as living ornamen-
tals, and some cultures use the flowers and leaves as food,
or to elaborate handicrafts and ceremonial ornaments
(Hernandez-Sandoval et al., 2012). Owing to the
demand for these species for ornamental use—mainly in
the United States and Europe where prices are high—
illegal poaching has affected the demography and struc-
ture of its natural populations (Hernandez-Sandoval,
1993; Osorio-Rosales & Mata-Rosas, 2005). In addition,
changes in land use, extensive livestock production, and
the lack of planned forest harvesting strongly impact
these species and their viability in future.

B. inermis inhabits the seasonally dry tropical forests
(SDTF) of the SMOr, and its best conserved populations
are in the Sierra del Abra Tanchipa Biosphere Reserve
(SATBR) in San Luis Potosi (SEMARNAT-CONANP,
2014). The SATBR was declared a protected natural area
in 1994 as the direct result of petitions signed by citizens
and landowners who were concerned about the loss of
biodiversity in the region. As part of the SMOr, the
SATBR is an important connectivity link for threatened
and endangered species in the region’s ecological
corridors.

The conservation of biodiversity requires an extensive
understanding of how its different components are
affected by current threats. Habitat destruction and frag-
mentation are considered the primary causes of species
extinction, accelerating when anthropogenic disturbance
is regular or chronic. This reduces the size of populations,
affecting their demography and dynamics, and decreases
their genetic diversity (Hernandez-Oria, Chavez, &
Sanchez, 2006; Lande, 1988; Rai, 2006; Ribeiro et al.,
2016; Valencia-Diaz, Flores-Palacios, & Castillo-
Campos, 2012).

Here, we present new information about the popula-
tion structure of B. inermis in the SMOr for populations
inside the SATBR protected area and in unprotected sites
with different levels of anthropogenic disturbance. We
describe the demography and population structure, and
the ecological importance of the species, as well as the
relationship of these variables to chronic disturbance.

Methods
Study Area and Sampling

We studied natural populations of B. inermis occurring in
the SDTF of the SMOr with different levels of deciduous-
ness. The climate in the region type Awl(x’) is of subhu-
mid warm, with a dry season from December to May.
The main population of B. inermis is found in the
SATBR, a protected natural area covering 21,464 ha,
located between 22°05'00” and 22°24'22” N lat. and
98°52’46” and 99°01'00” W long. in the municipalities

of Ciudad Valles and Tamuin in the state of San Luis
Potosi. The other populations included in this study are
in the municipalities of Ciudad Mante and Ocampo in
Tamaulipas, and Tamasopo and Ciudad Valles in San
Luis Potosi. We used thirteen 100 x 10 m plots (0.1 ha);
seven plots were set up inside the SATBR, separated by
500m, along an elevation gradient from 338 to 473 m
a.s.l., and six plots were set up outside of the SATBR
(Figure 2).

Structural, Morphological, and Demographic
Parameters

On each plot, we recorded the number of B. inermis
plants and estimated their density as individuals per hec-
tarea (ind*ha~'; number of individuals in each plot of
0.1ha*10). To describe the population structure, mor-
phometric and nonmorphometric traits were measured
in each plant: (a) trunk base diameter, (b) neck diameter
(where the base is narrowed), (c) total height of the plant,
and (d) sex ratio in the flowering season. Plants were
categorized according to life classes: (a) seedlings were
plants that had germinated in the last reproductive
event prior to sampling, without a developed base; (b)
juveniles were nonreproductive plants with a developed
base and only one rosette or a few, but not from flower-
ing events; and (c) adults were plants with at least one
branching and rosettes from flowering events.

Individual frequencies in life classes were used to con-
struct static life tables at different disturbance levels
(Martorell & Peters, 2005) in the analyzed plots (see
Disturbance Index section), representing specific mortal-
ity and survival for each class (Odum, 1972; Smith &
Smith, 2007). Static life tables are generated with differ-
ent attributes describing a population based on temporal
demographic traits: /,, the proportion of surviving indi-
viduals entering class x, with respect to the initial number
of individuals; ¢,, mortality rate as the proportion of
dead individuals during the time interval from class x to
x+1, with respect to the original number of individuals;
E,, life expectancy as the expected life time of an individ-
ual of class x; Ry, net reproductive rate of each generation
(Table 1). The intrinsic population growth rate was cal-
culated as A=¢", where e¢=Avogadro’s constant of
2.71828 and r=population growth rate per capita
(Table 1). When 42 =1, population size is constant; 4> 1
indicates increase in population size per generation, while
A <1 indicates decrease (Caswell, 2001; Castillo-Lara,
Octavio-Aguilar, & De-Nova, 2017).

Seed frequencies were estimated from the literature
and personal observations made during the study,
taking the average number of seeds produced per panicle
as ca. 2,000 based on Hernandez-Sandoval et al. (2012),
and counting the number of panicles on the plants
sampled in each plot. The number of seedlings was
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Figure 1. B. inermis in its habitat. (a) Adult plant, (b) male panicle, (c) fruit, (d) male flowers, (e) female flower, (f) seedlings, (g) juveniles,
and (h) young adults.
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Figure 2. Study area, showing the location of the sample plots.

fixed at the highest number of seedlings found in all the
plots sampled because the real frequency of the seedling
class is very difficult to record in all seasons owing to the
high mortality that occurs in the first months after
germination.

Asymmetry Coefficient

To evaluate the inequality of size classes as an additional
component of population structure, we estimate the Gini
coefficient (g/) for each plot following Bendel, Higgins,
Teberg, and Pyke (1989). We used (a) base diameter and
(b) neck diameter for each B. inermis plant because they
are more suitable than height to describe size in this
genus. The g/ index was calculated after Palacios-
Wassenaar, Castillo-Campos, and Vazquez-Torres

n X1 —X 3
(2016) as follows: g, = il

= o where 7 is the number

of plants, x; is the logarithm of the diameter of base or
neck for each plant i, x is the average of x, and s is the
standard deviation of x;.

Disturbance Index

We followed the method proposed by Martorell and
Peters (2005) that combines 14 parameters clustered in
three disturbance categories (livestock raising, human
activities, and land degradation) to calculate a chronic
disturbance index (CDI; Appendix 1, Supporting infor-
mation), recorded for each plot in our study. Data were
standardized and merged using a principal components
analysis (PCA), discarding those with no variation for the
sites as recommended in previous studies (e.g.,
Hernandez-Oria et al., 2006; Martorell & Peters, 2005;
Ribeiro et al., 2016). We constructed a frequency table
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Table I. Static Life Table Components From Valverde, Cano-Santana, Meave, and Carabias (2005).

Parameter Represents Formula
I Proportion of surviving individuals entering class x, with respect to the initial number of :T)
individuals
d, Proportion of dead individuals during the time interval from class x to x+ 1, with respect Iy — by orne — nyyy
to the initial number of individuals. When calculated from n, d, represents the number
of dead organisms between x and x+1|
Gx Mortality rate as the proportion of dead individuals during the time interval from class x n”il
to x+1, with respect to the original number of individuals
Py Proportion of surviving individuals with respect to the total number of individuals I —qx
entering class x
my Fecundity as the average number of descendants per individual (female) in each age class %
F, Total number of descendants from class x From field observations
E, Life expectancy as the expected life time of an individual of class x :f
Tx = Z Lx
L, = nx+2nx+\
Ro Net reproductive rate of each generation > Lmy
. . . . T . . hemy
Ts Generation time. Average time between the birth of an individual and the birth of its ngiom
descendants
r Population growth rate per capita %
A Intrinsic population growth rate e’

for CDI values for each studied plot using Sturges’ rule to
detect disturbance levels for the analyzed populations.
We conduct a chi-squared test of independence to inves-
tigate the response of life stage frequencies to the disturb-
ance level. Linear regressions were conducted to estimate
the correlation of CDI with /x, Ex, gx, 4, Ry, density in
each life class, morphological traits (total height and base
and neck diameter), and the asymmetry coefficient g/ to
evaluate the effects of the identified disturbance levels
on the population demography and morphology of
B. inermis. Statistical analyses were conducted in GNU
PSPP v.0.10.4-g50f7b7 (Free Software Foundation,
2017).

Results
Structural and Demographic Parameters

A total of 405 plants were recorded in the 13 plots
sampled, with an average density of 236.9 ind*ha™';
SD =158.76 for juveniles and adults. Average density
inside the SATBR was 280 ind*ha™'; SD =193.04, with
adults dominating (Table 2). Plots t5, t6, and t7 were the
sites  with the greatest density (476.66 ind*ha™';
SD =64.29) and are located in the core area of the
SATBR from 420 to 470m a.s.l., in the less deciduous
variant of SDTF. Outside of the protected area, the aver-
age density was 186.66 ind*ha~'; SD=100.73; the plot
t12 (El Abra) had the greatest density at 320 ind*ha~'.
The dominant life class was adults both inside and

Table 2. Adult and Juvenile Density of B. inermis Inside and
Outside® of the SATBR.

Adults Juveniles

Plot ind*plot™" ind*ha™" ind*plot™" ind*ha™" ind*plot™" ind*ha™"'

tl 14 140 5 50 9 90
2 8 80 8 80 0 0
t3 22 220 22 220 0 0
t4 9 90 8 80 | 10
t5 45 450 45 450 0 0
t6 43 430 43 430 0 0
t7 55 550 53 530 2 20
8% 20 200 19 190 | 10
t9* 4 40 2 20 2 20
t10* 23 230 12 120 I 110
tll? 10 100 8 80 2 20
tl2? 32 320 29 290 3 30
t13? 23 230 23 230 0 0

Note. SATBR = Sierra del Abra Tanchipa Biosphere Reserve.
?Plots outside of the SATBR.

outside of the natural protected area, and inside the
SATBR, juveniles were only recorded in three plots (tl,
t4, and t7).

The average height inside the SATBR was 7.65m
(SD=3.60), and the maximum height recorded was
17m for a plant in the core area in plot t2. The maximum
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base diameter recorded was 3.09 m, and the average base
diameter was 1.35m (SD =0.67; Table 3). Outside of the
protected area, the average height was 6.87 m (SD = 3.57),
and the average base diameter was 1.20m (SD =0.68;

Table 3. Morphometric Traits and Skewness Coefficient for B.
inermis Inside and Outside of the SATBR.

Skewness coefficient

Table 3). The average neck diameter inside SATBR was
0.48m (SD=0.31) and outside was 0.50m (SD=0.35;
Table 3).

Adults had the highest mean survival rate (/)
(5.39 x 107%; SE=1.73 x 107>; Figure 3), and seedlings
had the lowest (3.54 x 107%; SE=3.71 x 10~% Figure 3),
as expected for a type III curve according to the criteria
of Deevey (1947). Mean mortality rate (¢,) was high in
the transition from seed to seedling (—0.471; SE=1.265;
Table 4) for all disturbance levels, but in the medium and

Base Neck Base Neck ) ; ) .
Plot Height diameter diameter diameter  diameter  high levels of disturbance, mortality also was detected in
the transition from seedling to juvenile (—8.89; SE=3.89;
el 3.636 0.741 0.228 0.489 1.039 Table 3). The net reproductive rate (R;)) was <1 in the
2 8713 1.594 0.587 —0.568 —0.145  whole disturbance levels as expected in a declining popu-
3 8.453 1.490 0.579 0.295 1.05 lation; however, the life expectancy (Ex) was higher in the
t4 8.424 1.549 0.703 —1.175 —0.804 classes juvenile and seedling (15.84; SE=6.73 and 65.8;
t5 8.497 1.450 0.480 —0.508 0.302 SE=2.19, respectively) inside the SATBR where the
té 5.681 1.910 0.605 —~0.307 —0.796 lowest CDI value was registered (Table 4). Chi-squared
7 5.359 0.897 0.358 —2.50] —1.163 test of independence rejects the null hypothesis that the
8 8.860 1.420 0.720 —0.498 _0444  [requencies of life stages are independent of the disturb-
t9° 6750  1.350 0.610 1386 2453  ance level (p <2.2e-16).
tl0* 4430 0.830 0.290 —0.081 0.362
el 6070  1.380 0.590 —1.447 —1604  Asymmetry Coefficient
tlza 7.020 I.180 0.440 —3.927 —2.09 The distribution of size classes analyzed with g/ shows
tl3 7.450 1310 0.520 0.037 —0221 differences between the plots (Table 3) ranging from
Note. SATBR = Sierra del Abra Tanchipa Biosphere Reserve. —3.92 to 1.38 when base diameter is used and —2.09 to
aPlots outside of the SATBR. 2.45 with the neck diameter. Average g/ inside the
1
Se Seedling Juvenile Adult
0.1
0.01
— 0.001
.S
o
5]
= 0.0001
0.00001
0.000001
0.0000001
——Llow ====Moderate ====High

Figure 3. Survival curve for B. inermis for each CDI level.
CDI = chronic disturbance index.
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Table 4. Life Table for B. inermis for Each of the Estimated CDI Levels.

Life stage CDI level Ix qx Ex
Seedling Low 9.40E-07 -3 65.83
Moderate 5.48E-05 0.89 1.82
High 5.04E-05 0.68 1.54
M; SE 3.54E-05; 1.73E-05 —0.47; 1.265 23.06; 21.38
Juvenile Low 3.76E-06 —14.33 15.83
Moderate 5.60E-06 —11 12.5
High |.56E-05 —1.35 2.85
M; SE 8.35E-06; 3.71E—06 —8.89; 3.89 10.39; 3.89
Adult Low 5.76E-05 | 0.5
Moderate 6.72E-05 | 0.5
High 3.69E-05 | 0.5
M; SE 5.39E-05; 8.93E-06 - -
Ro Low 3.06E-04
Moderate 2.11E-02
High |.10E-02
M; SE 3.19E-02; 1.43E-02
A Low 0.66
Moderate 0.82
High 0.79
M; SE 0.83; 2.31E-02

Note. CDI = chronic disturbance index.

SATBR was —0.61 (base diameter) and —0.07 (neck
diameter), and outside it was —0.75 (base diameter) and
—0.25 (neck diameter), indicating the predominance of
bigger plants (adults).

Sex Proportions

Both inside and outside of the SATBR the proportion of
reproductive plants was close to 50%. The sex ratio for
the population inside the SATBR was 0.93:1 m:f, and
outside it was 0.76:1 m:f (Figure 4).

Disturbance Index

According to the analyses, the disturbance parameters
with the greatest effect on the sample plots were the pro-
portion of plants damaged by cutting, proximity to human
populations and to areas of human activity, with human
activity the main threat to B. inermis. Plots with the high-
est CDI were in San Geronimo (t8), San Dieguito (t9), and
Ocampo (t10), all outside of the SATBR.

For the PCA, we discarded goat droppings frequency
(GOAT), soil compaction (COMP), land (LUSE), pres-
ence of soil islands (ISLA), and totally modified surfaces
(TOMS) because they showed no variation for the plots
analyzed (Table 5). Axis 1 explained 75.54% of the

variation of all parameters analyzed in decreasing order
with cattle droppings frequency (CATT), browsing
(BROW), fuelwood extraction (FUEL), human trails sur-
face (TRAS), evidence of wildfires (FIRE), human trails
density (TRAN), settlement proximity (PROX), and con-
tiguity to activity cores (CORE) (p <.05; Appendix 2,
Supporting information). A high degree of positive cor-
relation was found among most parameters (Appendix 2,
Supporting information). Some negative coefficients were
obtained between Erosion (EROS) and CATT, and
BROW and livestock trail density (LTRA). Significant
correlation was found between variables from human
activities (CORE, FUEL, FIRE, PROX, and TRAS)
and livestock raising (BROW, CATT, and LTRA).
Values of Axis 1 were rescaled from 0 to 100, from the
least to the most disturbed site, to generate a custom CDI
for our sites. The Sturges’ rule identified three different
disturbance levels that we called low (CDI=0.23-0.39)
inside SATBR; moderate (CDI=0.698-0.733) plots t11,
t12, and t13; and high (CDI=1.36-1.37) in plots t8, t9,
and t10.

Variable Correlations

The custom CDI reveals a high degree of correlation with
demographic parameters (Table 6) but not for
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Figure 4. Proportions of reproductive (male and female) and nonreproductive B. inermis plants inside and outside of the SATBR.

SATBR = Sierra del Abra Tanchipa Biosphere Reserve.

Table 5. Chronic Disturbance Index Values for the Sites Analyzed Inside and Outside® of the SATBR.

Plot CATT BROW LTRA FUEL FIRE TRAS PROX CORE EROS Total disturbance
tl 0 0 0 0 0 0 0.38 0.33 0 0.39
2 0 0 0 0 0 0 0.38 0.33 0 0.39
t3 0 0 0 0 0 0 0.38 0.33 0 0.39
t4 0 0 0 0 0 0 0.25 0 0 0.23
t5 0 0 0 0 0 0 0.25 0 0 0.23
t6 0 0 0 0 0 0 0.25 0 0 0.23
t7 0 0 0 0 0 0 0.25 0 0 0.23
t8? 0 0 0 0.13 | 0.0l 0.56 | 0.1 0.70
t9? 0 0 0 0.02 0 0 0.56 | 0 0.69
tl0? 0 0 0 0.5 0 0.015 0.56 | 0 0.73
tll? 0 0 0 0.06 0 0.0l 0.56 | 0.1 1.33
t12? 0.2 0.1 0 0.19 | 0 0.56 | 0 1.36
t13? 0.2 0.1 0.18 0.16 | 0.0l 0.56 | 0 1.37

Note. CATT = cattle droppings frequency; BROW= browsing; LTRA = livestock trail density; FUEL = fuelwood extraction; FIRE = evidence of wildfires;
TRAS = human trails surface; PROX = settlement proximity; CORE = contiguity to activity cores; EROS = Erosion; SATBR = Sierra del Abra Tanchipa

Biosphere Reserve.
?Plots outside of the SATBR.

morphological traits such as height, and neck and base
diameter (Table 6). The survival rate (Ix) results positively
correlated with CDI in all life stages (Table 6). Life
expectancy (Ex) results are positively correlated with
CDI only in the seedling (R*=.73, F=29.11,
p=218x10"% and juvenile stages (R*=.96,
F=283.99, p=3.32x 107"). The mortality rate is also
positively correlated with CDI in the seedling (R*= .69,
F=24.49, p=4.36 x 10~*) and juvenile stages (R*=.96,

F=283.99, p=3.32x10""). Density and asymmetry
coefficient show no correlation with CDI (Table 6).

Total height and the base and neck diameter are not
correlated with CDI (Table 6).

Discussion

The density estimated for B. inermis in the present study
is one of the highest recorded for the genus. Maximum
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Table 6. Correlations Between the CDI and the Demographic and Structural Parameters for B. inermis Inside and Outside of the SATBR.

Parameter Life class Statistics Coefficient (SE) Explained variance (%)

Ix Seedling F(1,11) =22.04% 4.914E-05 (1.038E-05) 67
Juvenile F(1,11) = 132.9% 9.389E-07 (11.5285) 92
Adult F(1,11)=11.36% —1.763E-05 (5.229E-06) 51

Ex Seedling F(1,11) =29.1 1# —63.31 (11.73) 73
Juvenile F(1,11) =283.99** —11.90 (0.706) 96
Adult

qx Seedling F(1,11) =24.49+ 3.65 (0.738) 69
Juvenile F(1,11) =283.99* 11.90 (0.706) 96
Adult

Ro Total F(1,11)=9.067 0.00455 (0.015) 45

A Total F(1,11)=12.354 —0.013 (0.0039 52

Density Juvenile F(1,11)=1.563 2.794 (2.235) 12.40
Adult F(1,11)=2.99 —17.27 (9.99) 21.30
Total F(1,11)=2.203 —14.483 (9.756) 16.60

Height Adult F(1,11)=0.08 —0.0224 (0.0775) 0.76

Base diameter Adult F(1,11)=0.446 —0.268 (0.401) 3.90

Neck diameter Adult F(1,11)=0.146 0.338 (0.883) 1.13

gl Neck diameter F(1,11)=1.041 0.803 (0.787) 0.086
Base diameter F(1,11)=0.872 0.826 (0.884) 0.073

Note. CDI = chronic disturbance index; SATBR = Sierra del Abra Tanchipa Biosphere Reserve.

*p<.05. ¥p<.0l.

values for the species were recorded inside the SATBR
core area and range from 280 to 550 ind*ha™', being
higher in subdeciduous SDTF. Demographic studies for
other species report lower values; for example, B. recur-
vata Lem. (130 ind*ha™') and B. gracilis Lem. (16.9
ind*ha). Only B. sanctomariana L. Hern. (301 ind*ha™")
and B. goldmanii Rose (460 ind*ha™") had a higher aver-
age value (Hernandez-Sandoval et al.,, 2012; Pérez-
Farrera et al., 2012). Inside the SATBR B. inermis is
the most dominant species, where it reaches sizes large
enough to compete with or even displace abundant spe-
cies like Croton niveus. Also, B. inermis can establish in
the common rocky outcrops inside the SATBR, where
few species can compete.

According to the survival curve, the population of B.
inermis has a high mortality rate in the first stages of
establishment (seed and seedlings), resulting in a high
density of adults as previously reported in other studies
(Cardel, Rico-Gray, Garcia-Franco, & Thien, 1997;
Hernandez-Sandoval et al., 2012; Pérez-Farrera et al.,
2012). Under lab conditions, more than 90% of the
seeds germinate and become seedlings. In the wild, it is
possible to have a high germination rate too, but seed
predation by ants (personal observation) and of seedlings

by herbivores (Cardel et al., 1997), as well as unfavorable
conditions, increase mortality in these early stages,
making the transition from seed to seedling ephemeral
and difficult to record in the field. Mortality from seed-
ling to juvenile was detected in the plots outside SATBR,
and this could be associated some kind of disturbance like
land use change, ranching, or poaching.

Additional studies of germination in the field are
required to better estimate the population dynamics of
B. inermis; however, the survival curve in our study rep-
resents a first attempt at understanding recruitment in the
species. The curve coincides with a k strategy (Odum,
1972; Smith & Smith, 2007), with very low seed recruit-
ment but great longevity in surviving plants. This is char-
acteristic in plant species from SDTF that depend on
canopy openings to establish and require more light, as
occurs in pioneer species (Palacios-Wassenaar et al.,
2016). In general, we found more juvenile plants in the
unprotected sites outside of the SATBR, in accordance
with the findings of Palacios-Wassenaar et al. (2016) who
indicate that the high density of juveniles is related to the
decrease in the number of adult plants in Resinanthus
aromaticus (Cast.-Campos & Lorence) Borhidi. These
individuals are more vulnerable to deforestation,
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trampling of cattle, or extraction, so they could not reach
the adult stage, compared with those within the reserve
that ensure their permanence in the population due to the
protection offered by the SATBR.

The population of B. inermis inside the SATBR is
dominated by adults (asymmetry coefficient g/ <0), and
only one plot (t1) located at the border of the protected
area results dominated by juveniles. The coefficient g/ is
not correlated with estimated chronic disturbance levels,
although the plots that are outside the SATBR show an
increasing density of small plants (mainly juvenile). This
increasing density in earlier life classes could be asso-
ciated to absence of adult individuals to compete with,
in sites with higher levels of disturbance. It has been pre-
viously reported in large, sessile, passively dispersed plant
species that small individuals (seedlings and juveniles) are
likely to be shaded by large individuals, so they have less
energy to devote to survival and reproduction
(Harcombe, 1987). The consequence is higher mortality
rates of shaded young individuals (Enright & Ogden,

1979; Hartshorn, 1975; Highsmith, Riggs, &
D’Antonio, 1980; Hughes, 1984; Jackson, 1977,
Lefkovitch, 1965; Werner & Caswell, 1977). Light-

demanding species are relatively rare as seedlings because
they are ephemeral, either dying quickly if shaded, or
growing rapidly into large size classes if light levels
remain high (Wright, Muller-Landau, Condit, &
Hubbell, 2003). In the less disturbed sites, populations
of B. inermis seem to reach stability with adults that are
large in size, mainly on rocky outcrops, making it difficult
for juveniles compete for space.

Flowering in B. inermis is not annual, and its period-
icity has not been described with any accuracy. Our esti-
mates indicate that B. inermis has a good balance of
reproductive and nonreproductive plants (44%), and in
the proportion of the sexes (27% male, 29% female), sug-
gesting an equilibrium with no major competition among
males, and thus a low reproductive cost (Cipollini &
Stiles, 1991). However, the number of plants for which
sex was recorded as indeterminate could change the pro-
portion in future years because these plants could be
young reproductive adults that are flowering less con-
stantly than older adults.

The disturbance parameters analyzed in our study
were used to generate an index of chronic disturbance
for quantifying the effect of disturbance on the demog-
raphy of B. inermis. The following were the parameters
that had a major effect on total disturbance: CATT,
BROW, CORE, EROS, FUEL, FIRE, LTRA, PROX,
and TRAN. This highlights the significant impact of
human activities on habitat degradation. The plots
inside the SATBR show the lowest CDI levels, due to
the almost null anthropogenic activity. However, the
plots outside SATBR showed two different levels of dis-
turbance according to its location. Medium disturbance is

associated to livestock raising parameters (BROW,
CATT, and LTRA). High disturbance is associated to
human activities (CORE, FIRE, PROX, and TRAN),
the parameters with the largest loadings for the CDI.
Low intensity disturbance like livestock raising may actu-
ally benefit the establishment of some plant species
(Martorell & Peters, 2008) and improve their recruitment,
as in B. inermis where the sites with a medium disturbance
have acceptable demographic parameters. The disturb-
ance is as important for conservation as the direct man-
agement of the species (e.g., prescribed fire); however,
when it comes to anthropogenic disturbance, its complete
elimination is frequently the only management practice,
and human influence may also be disguised in the shape
of natural disturbance to minimize its impact (Hansen,
Spies, Swanson, & Ohmann, 1991; Martorell & Peters,
2008; Niemeld, 1999).

The demographic parameters most affected by dis-
turbance are life expectancy, and the survival and mor-
tality rates. The most vulnerable stages are from
seedling to juvenile because the pressures of disturbance
mainly affect the recruitment. Newly emerged seedlings
no longer have the ability to withstand the adverse con-
ditions tolerated by the ungerminated seed because they
do not yet have the physical robustness it will acquire
with age (Kitajima & Fenner, 2000). The mortality in
these early stages is affected for a wide range of biotic
and abiotic factors, which vary spatially and temporally
(Mack & Pyke, 1984). The high mortality in B. inermis
at the seedling stage may act as a strong selective filter
on seed traits and seedling traits like in other plant spe-
cies (Kitajima & Fenner, 2000), where traits can be
interpreted as ‘‘gap-detection mechanisms” in seeds
restrict germination in time and space, enhancing the
likelihood of seedling survival and growth. Also, many
abiotic stress factors, such as shade, excess light, heat,
water stress, and flooding, may not kill seedlings imme-
diately but may lower their tolerance to biotic mortality
agents, such as herbivores and pathogens (Augspurger,
1984; Augspurger & Kelly, 1984; Kitajima & Fenner,
2000). However, once the adult stage is reached in B.
inermis, the population seems to be stabilized and the
mortality rate and life expectancy remain constant, but
the survival rate increases. This may be related to the
size that individuals reach, which allows them to tolerate
disturbances, likewise, it makes them less vulnerable to
poaching.

Implications for Conservation

According to our results, it is correct to include B. inermis
as a threatened species (A) under the Norma
Oficial Mexicana NOM-059-SEMARNAT-2010
(SEMARNAT, 2010), and in Appendix II of the
Convention on International Trade in Endangered
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Species of Wild Fauna and Flora because unprotected
populations are still subjected to illegal poaching of seed-
lings and juveniles, and the low survival and high mor-
tality rates specially in early stages. The SATBR
represents an effective refuge for B. inermis, protecting
it from anthropogenic disturbance such as changes in
land use and the illegal poaching of mainly seedlings
and juveniles. Additional studies are needed to evaluate
the genetic diversity of populations of B. inermis, genetic
flow, and how it is affected by disturbance. Also, it is
important to highlight other key species inside the pro-
tected area such as Dioon edule Lindl., Zamia fischeri
Migq. ex Lem., and Stanhopea tigrina Bentam ex Lindl.,
which are considered as endangered or threatened
according to the Official Mexican Standard NOM-059-
SEMARNAT-2010 (SEMARNAT, 2010).

Supporting Information

Metrics that were recorded in plots (Appendix 1) and
PCA results (Appendix 2) are available online. The
authors are solely responsible for the content and func-
tionality of these materials. Queries (other than the
absence of material) should be directed to the corres-
ponding author.

Acknowledgments

The authors are grateful to Pedro Castillo Lara, Hermelindo
Guzman Antonia, Luis Enrique Martinez, Mercedes Elizabeth
Ramirez Elias, Maywalida Montenegro Herrera, Maria
Magdalena Salinas Rodriguez, Benjamin Castillo, Ana Virginia
Chavez Oyarvide, Alberto Prado, Arturo Medina Sanchez,
Jonathan German Alacio, Luis Barba Escoto, Don Antonio
Chavez Martinez, Don Polo Garcia, Don Baldomero Palacios
Flores, Pablo Luna Mendoza, and Alejandro Avila Ramirez for
their help with the field work and to José Garcia Pérez and the
SLPM Herbarium for providing herbarium specimens. The authors
would like to thank SEMARNAT-CONANP for allowing them to
conduct their field work in the Sierra del Abra Tanchipa Biosphere
Reserve and for facilitating contact with the locals. The authors are
also grateful to the authorities of Ejidos Laguna del Mante, Los
Sabinos, and Gustavo Garmendia.

Declaration of Conflicting Interest

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: This
research was funded by grants CONACYT CB-2014/243454,
CONABIO FB1829/PJ029/17, and SEP-PRODEP 103.5/13/6575.
The first author gratefully acknowledges the support of
CONACYT (Graduate Studies Scholarship 290685) and PMPCA-
UASLP.

References

Augspurger, C. K. (1984). Seedling survival of tropical tree spe-
cies: Interactions of dispersal distance, light gaps, and patho-
gens. Ecology, 65, 1705-1712.

Augspurger, C. K., & Kelly, C. K. (1984). Pathogen mortality of
tropical tree seedlings: Experimental studies of the effects of
dispersal distance, seedling density, and light conditions.
Oecologia, 61, 211-217.

Bendel, R. B., Higgins, S. S., Teberg, J. E., & Pyke, D. A. (1989).
Comparison of skewness coefficient, coefficient of variation,
and Gini coefficient as inequality measures within populations.
Oecologia, 78, 394-400.

Cardel, Y., Rico-Gray, V., Garcia-Franco, J. G., & Thien, L. B.
(1997). Ecological status of Beaucarnea gracilis, an endemic
species of the semiarid Tehuacan Valley, México. Conservation
Biology, 11, 367-374.

Castillo-Lara, P., Octavio-Aguilar, P., & De-Nova, J. (2017).
Ceratozamia zaragozae Medellin-Leal (Zamiaceae), an endan-
gered Mexican cycad: New information on population structure
and spatial distribution. Britfonia. Retrieved from http:/sci-
hub.tw/10.1007/s12228-017-9513-1.

Caswell, H. (2001). Matrix population models. Construction, ana-
lysis and interpretation. Sunderland, MA: Sinauer Associates,
Inc. Publishers.

Cipollini, M. L., & Stiles, W. (1991). Costs of reproduction in
Nyssa sylvatica: Sexual dimorphism in reproductive frequency
and nutrient flux. Oecologia, 86, 585-593.

Deevey, E.S. (1947) Life tables for natural populations of animals.
The Quarterly Review of Biology, 22, 283-314. doi:10.1086/
395888.

Enright, N., & Ogden, J. (1979). Applications of transitional matrix
models in forest dynamics: Araucaria in Papua New Guinea and
Nothofagus in New Zealand. Australian Journal of Ecology, 4,
3-23.

Hansen, A. J., Spies, T. A., Swanson, F. J., & Ohmann, J. L. (1991).
Conserving biodiversity in managed forests. BioScience, 41,
382-392.

Harcombe, P. A. (1987). Tree life tables. BioScience, 37, 557-568.

Hartshorn, G. S. (1975). A matrix model of tree population dynam-
ics. In: F. B. Golley, & E. Medina (Eds.). Tropical ecological
systems (pp. 41-51). New York, NY: Springer-Verlag.

Hernandez-Oria, J. G., Chavez, R., & Sanchez, E. (2006). Efecto
del disturbio cronico en Echinocereus schmollii (Weing.) NP
Taylor, una cactaicea en peligro de extincion en el
Semidesierto Queretano, México [Effect of chronic disturbance
in Echinocereus Schmollii (Weing.) NP Taylor, a Cactaceae in
danger of extinction in the Semidesert Queretano, Mexico].
Zonas /iridas, 10, 59-73.

Hernandez-Sandoval, L. (1993). Beaucarnea (un género amena-
zado? [Beaucarnea, a threatened genre?]. Cactdaceas y
Suculentas Mexicanas, 38, 11-14.

Hernandez-Sandoval, L., Osorio-Rosales, M. L., Orellana-Lanza,
R., Martinez, M., Pérez-Farrera, M. A., Contreras-Hernandez,
A.,... Félix, A. (2012). Manejo y conservacion de las especies
con valor comercial de Pata de Elefante (Beaucarnea)
[Management and conservation of species with commercial
value of Elephant’s Foot (Beaucarnea)]. Queretaro, Mexico:
Ed. Universitaria UAQ.

Downloaded From: https://complete.bioone.org/journals/Tropical-Conservation-Science on 18 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use


http://sci-hub.tw/10.1007/s12228-017-9513-1
http://sci-hub.tw/10.1007/s12228-017-9513-1

12

Tropical Conservation Science

Highsmith, R. C., Riggs, A. C., & D’Antonio, C. A. (1980).
Survival of hurricane-generated coral fragments and a disturb-
ance model of reef calcification/growth rates. Oecologia, 46,
322-329.

Hughes, T. P. (1984). Population dynamics based on individual size
rather than age: A general model with a reef coral example. The
American Naturalist, 123, 778-795.

Jackson, J. B. C. (1977). Competition on hard substrata: The adap-
tive significance of solitary and colonial strategies. The
American Naturalist, 111, 743-767.

Kitajima, K., & Fenner, M. (2000). Ecology of seedling regener-
ation. In: M. Fenner (ed.) Seeds: The ecology of regeneration in
plant communities (pp. 331-359). Wallingford, UK: CABI
Publishing.

Lande, R. (1988). Genetics and demography in biological conser-
vation. Science, 241, 1455-1460.

Lefkovitch, L. P. (1965). The study of population growth in organ-
isms grouped by stages. Biometrics, 21, 1-18.

Mack, R. N., & Pyke, D. A. (1984). The demography of Bromus
tectorum: The role of microclimate, grazing and disease.
Journal of Ecology, 72, 731-748.

Martorell, C., & Peters, E. M. (2005). The measurement of chronic
disturbance and its effects on the threatened cactus Mammillaria
pectinifera. Biological Conservation, 124, 199-207.

Martorell, C., & Peters, E. M. (2008). Disturbance-response ana-
lysis: A method for rapid assessment of the threat to species in
disturbed areas. Conservation Biology, 23, 377-387.

Niemeld, J. (1999). Management in relation to disturbance in boreal
forest. Forest Ecology and Management, 115, 127-134.

Odum, E. P. (1972). Ecologia. Mexico City, Mexico: Nueva
Editorial Interamericana.

Osorio-Rosales, M. L., & Mata-Rosas, M. (2005).
Micropropagation of endemic and endangered Mexican species
of Ponytail Palms. HortScience, 40, 1481-1484.

Palacios-Wassenaar, O., Castillo-Campos, G., & Vazquez-Torres,
S. M. (2016). Analisis de la estructura poblacional como indi-
cador rapido del estado de conservacion de especies arboreas
amenazadas. El caso de Resinanthus aromaticus en el centro de
Veracruz, México [Analysis of the population structure as a
rapid indicator of the conservation status of threatened tree spe-
cies. The case of Resinanthus aromaticus in the center of
Veracruz, Mexico]. Botanical Sciences, 94, 241-252.

Pérez-Farrera, M. A., Hernandez-Sandoval, L., Lopez-Cruz, A.,
Espinosa-Jiménez, J. A., Lopez, S., Zenteno-Cruz, G., &

Gomez-Dominguez, H. (2012). Estructura, densidad poblacional
y relaciones alométricas de Beaucarnea goldmanii Rose y
Beaucarnea sanctomariana L. Hern [Structure, population dens-
ity and allometric relationships of Beaucarnea goldmanii Rose
and Beaucarnea sanctomariana L. Hern. (Asparagaceae) in
Chiapas and Oaxaca, Mexico]. Lacandonia, 6, , 7-17.

Rai, U. K. (2006). Minimum sizes for viable population and con-
servation biology. Our Nature, 1, 3-9.

Ribeiro, E. M. S., Santos, B. A., Arroyo-Rodriguez, V., Tabarelli,
M., Souza, G., & Leal, I. R. (2016). Phylogenetic impoverish-
ment of plant communities following chronic human disturb-
ances in the Brazilian Caatinga. Ecology, 97, 1583-1592.

SEMARNAT. (2010). Norma Oficial Mexicana Nom-059-
Semarnat-2010, Proteccion ambiental-Especies nativas de
Meéxico de flora y fauna silvestres. Categorias de riesgo y espe-
cificaciones para su inclusion, exclusion o cambio—Lista de
especies en riesgo [Official Mexican Standard Nom-059-
Semarnat-2010, Environmental protection-species native to
Mexico of wild flora and fauna-Risk categories and specifica-
tions for inclusion, exclusion or change—List of species at risk].
Diario Oficial de la Federacion, 30 de diciembre de 2010.
Mexico City, Mexico.

SEMARNAT-CONANP (2014). Programa de manejo de la
Reserva de la Biosfera Sierra del Abra Tanchipa (Primera
Edicion) /Management program for the Sierra del Abra
Tanchipa Biosphere Reserve (First Edition)]. Mexico City,
Mexico: Secretaria del Medio Ambiente y Recursos Naturales.

Smith, T. M., & Smith, R. L. (2007). Ecologia. Madrid, Espaia:
Pearson Educacion, S.A.

Valencia-Diaz, S., Flores-Palacios, A., & Castillo-Campos, G.
(2012). Tamafio poblacional y caracteristicas del habitat de
Mammilaria eriacntha, una cactacea endémica del centro de
Veracruz, México [Population size and habitat characteristics
of Mammillaria eriacantha, an endemic cactus from central
Veracruz, Mexico]. Botanical Sciences, 90, 195-202.

Valverde, T., Cano-Santana, Z., Meave, J., & Carabias, J. (2005).
Ecologia y medio ambiente [Ecology and environment]. Mexico
City, Mexico: Pearson Education.

Werner, P. A., & Caswell, H. (1977). Population growth rates and
age vs. stage distribution models for teasel (Dipsacus sylvestris
Huds.). Ecology, 58, 1103—1111.

Wright, S. J., Muller-Landau, H. C., Condit, R., & Hubbell, S. P.
(2003). Gap-dependent recruitment, realized vital rates, and size
distributions of tropical trees. Ecology, 84, 3174-3185.

Downloaded From: https://complete.bioone.org/journals/Tropical-Conservation-Science on 18 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



