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ABSTRACT
Objective: The goal of this work was to know the potential distribution of Pennisetum setaceum (Forssk.) Chiov., 
1923 in Mexico, at present and in the future, after its introduction as an ornamental species, which carries a risk 
of invasion. However, its presence has not been exhaustively monitored, and there are favorable environmental 
conditions for its distribution in México.
Design/methodology/approach: we used MaxEnt algorithm as the methodology of ecological niche 
modeling. For climate change models, the four SSP scenarios of the IPCC Sixth Report were used.
Results: The model generated for P. setaceum presents a potential environmental niche with high probability 
for the entire Pacific coast and in central Mexico; in general, the future scenarios maintain the central area 
of the country as the most likely distribution area. These results represent the first models for the potential 
environmental niche distribution of P. setaceum in Mexico.
Limitations on study/implications: However, it is necessary to increase the data from historical records.  
Findings/conclusions: Monitoring the species could generate more fresh data to improve accuracy in futures 
models and start reasoning about containment measures, such as restricting its use or pursuing eradication.
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INTRODUCTION
	 Pennisetum setaceum (Forssk.) Chiov. (1923) is a herbaceous plant belonging to the 
Poaceae family. It is cultivated as an exotic ornamental or forage plant in various parts of 
the world and has proven to be an aggressive coloniser (GIBD, 2021). It is native to North 
Africa, East Africa, and the Arabian Peninsula (EPPO, 2009) and grows in arid coastal 
and pre-desert areas of the Sahara (Williams et al., 1995), reaching altitudes of up to 2,800 
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metres. Today, this plant is considered cosmopolitan, as it is found on all continents. It 
has a wide climatic range, provided that annual rainfall does not exceed 1,270 mm and 
temperatures do not fall below 0 °C (Pasta et al., 2010). This triploid species has a lifespan 
of up to 20 years. It becomes productive from the second year, producing up to 100 seeds 
per inflorescence (Pasta et al., 2010).
	 P. setaceum is highly resilient to the impact of fire due to its strong root system and rapid 
germination following a burning event (Alcamisi, 2019). It can adapt to degraded and 
infertile soils, as well as drought conditions, and has become invasive in several countries, 
reducing biodiversity, impoverishing the soil, and displacing native grass species (PIER, 
2021).
	 This weed is an adaptable grass that is highly competitive and efficient in its use of 
water. These characteristics have endangered the biodiversity of tropical dry forests in 
Hawaii (Tunison, 1992; Wagner et al., 1990) since its introduction as an ornamental plant. 
In this environment, P. setaceum competes with the native grass Heteropogon contortus (L.) 
P. Beauv. ex Roem. & Schult., utilising water more effectively during the rainy season 
(Williams & Black, 1994). Cordell and Sandquist (2008) reported that changes in land use, 
grazing and forest clearance enabled this species to become established, resulting in the 
conversion of Hawaii’s tropical dry forests into monospecific grasslands. Richardson et al. 
(2000) concluded that P. setaceum’s peculiarities make it a species capable of invading and 
modifying the ecological features of the territory it colonises. This species benefits from 
roads and motorways, as these facilitate the physical movement of seeds through air currents 
created by traffic. These tiny seeds germinate easily in poor and ruderal soils (Pasta et al., 
2010). Conversely, Georgen & Daehler (2001) state that the plant produces large quantities 
of seeds that can germinate within three to five days under optimal moisture conditions. 
Under adverse conditions, the seeds can maintain their germination potential for up to six 
years (Tunison, 1992).
	 Of the 1,100 recorded alien species in Mexico, 348 are considered invasive (CONABIO, 
2021). P. setaceum is on the Ministry of Environment and Natural Resources’ list of high-risk 
invasive alien species in Mexico. According to this agency, it was only found in the states of 
Baja California, Sonora and Nuevo León until 2016 (SEMARNAT, 2017).
	 A fundamental approach to understanding and managing species involves determining 
their current and potential distribution using tools such as ecological niche modelling 
(Guisan & Thuiller, 2005; Peterson et al., 2012). ENMs contribute to predicting areas 
in which environmental conditions are suitable for species survival, describing potential 
distributions or fundamental environmental niches (Anderson et al., 2003; Guisan & 
Thuiller, 2005; Simoes et al., 2020). ENMs have been used to determine the ecological 
and spatial delimitations of native species (Martinez-Sifuentes et al., 2021), alien species 
(Marcer et al., 2012; Xue et al., 2022), and, in one case, P. setaceum (Da Re et al., 2020). The 
latter study used presence data related to invasion to determine the potential for adaptation 
to non-native habitats.
	 The aim of this study was to compile all available information on P. setaceum in Mexico, 
in order to create and analyse an ecological niche model for this species under current and 
future climate scenarios. This information is therefore crucial for assessing the potential 
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invasion of this species in Mexico. These results will inform the development of invasion 
mitigation strategies in Mexico.

MATERIALS Y METHODS
Creation of the database
	  The database was generated using data from the National Commission for the 
Knowledge and Use of Biodiversity (CONABIO, 2021), the Global Biodiversity 
Information Facility (GBIF, 2023) and the correspondance author’s personal collection 
data (VB). This data was collected in the Guadalajara metropolitan area using a random 
transect method, with georeferenced self-sown individuals identified in urban and peri-
urban areas in 2021. A total of 313 points of interest georeferenced to P. setaceum were 
included in the database. Duplicate occurrences were removed to reduce the effects of 
spatial autocorrelation, with records within 5 km of individual occurrence points being 
filtered using the spThin package in R (Ailello-Lammens et al., 2015).
	 The final database comprises 29 unique occurrence points, each at least 5 km from the 
next. These points are located in the Mexican states of Baja California Sur, Baja California 
Norte, Sonora, Chihuahua, Sinaloa, Nayarit, Jalisco, Coahuila, Nuevo León, Michoacán, 
Guanajuato, Guerrero, Puebla and Chiapas.

Accessible region M
	 Accessible region M (Barve et al., 2011) was generated using a 100 km radius zone 
of inf luence around each occurrence point and subsequently overlaid on the World 
Wildlife Fund ecoregion shapefile (Olson et al., 2001), according to the methodology 
proposed by Moo-Llanes et al. (2019) to avoid possible modelling bias related to model 
calibration. It was decided to use invasion area data rather than natural distribution 
data because it was thought that the prediction would be underestimated due to the 
significant difference in climate between Mexico and the Arabian Peninsula, as well as 
the species’ high level of adaptability to new environments. In fact, the same position 
has been taken in several studies, with the intention of being able to more accurately 
approximate the model regarding biological invasion at the local level, when the invasive 
species has demonstrated a high capacity to adapt to climatic situations very different 
from its natural context (Marcer et al., 2012; Xue Y et al., 2022; Da Re et al., 2020). The 
occurrence records were randomly divided into two subsets using the ‘random k-fold’ 
method: 70% for model calibration and 30% for assessments (Moo-Llanes et al., 2020; 
Moo-Llanes et al., 2021). This method randomly divides occurrence locations into a 
user-specified number of bins, as detailed in the Muscarella et al. (2014) protocol. 

Bioclimatic variables
	 Fifteen of the 19 WorldClim bioclimatic variables (Fick & Hijmans, 2017) were used 
to construct the ecological niche models (ENMs). Variables combining temperature 
(Bio08 and Bio09) and precipitation (Bio18 and Bio19) were excluded (Escobar et al., 
2014; Moo-Llanes et al., 2021). All variables had a spatial resolution of 1 km2. Four 
sets of bioclimatic variables, each comprising 15 WorldClim variables, were used: a) 
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Set1: the fifteen bioclimatic variables from WorldClim (Moo-Llanes et al., 2021). b) 
Set2: the Jackknife method in MaxEnt was used to select different bioclimatic variables 
that contributed most to the model (90%) (Moo-Llanes et al, 2013; Moo-Llanes et al., 
2021), removing one variable per pair with Pearson’s correlation (r0.8). To select the 
variable to be eliminated, it was verified that the variable presenting the lowest spatial 
autocorrelation with the pair of variables to be evaluated and with other combinations 
of bioclimatic variables would be selected. c) Set 3: nine variables were established for 
constructing ecological niche models for different species (Moo-Llanes et al., 2013). 
Finally, Set4 (d): the variance inf lation factor (VIF) was considered (Table 1). 
	 This is a measure of the levels of multicollinearity between pairs of variables in 
the USDM package in R. VIF values greater than 10 indicate potentially problematic 
correlations with covariates and suggest that these should be carefully evaluated during 
model development (Estrada-Peña et al., 2013; Moo-Llanes et al., 2023). ENMs were 
projected for the current period (1970-2000) and for the year 2041-2060 using the Socio-
Economic Shared Pathways (SSPs). The ENMs were projected using the four SSPs of the 
IPCC Sixth Assessment Report: SSP1-2.6 (445.6 ppm CO2), SSP2-4.5 (602.8 ppm CO2), 
SSP3-7.0 (867.2 ppm CO2) and SSP5-8.5 (1135.2 ppm CO2) (IPCC, 2021; Moo-Llanes et 
al., 2021; Moo-Llanes et al., 2023).

Ecological Niche Models
	 These models were constructed using the MaxEnt algorithm based on the kuenm 
package in R (Cobos et al., 2019). The generated models were projected onto region G, 
comprising the entire Mexican national territory, given that the species is cultivated as an 
ornamental plant in almost all of Mexico (personal observation).

Table 1. Sets of bioclimatic variables used for the construction of the ecological niche model of Pennisetum 
setaceum in Mexico.

Bioclimatic variables Code Set1 Set2 Set3 Set4
Average annual temperature Bio01 X X X

Average diurnal range Bio02 X X

Isothermality Bio03 X X

Seasonal temperature Bio04 X X X

Maximum temperature of the hottest month Bio05 X

Minimum temperature of the coldest month Bio06 X

Annual temperature range Bio07 X X X

Average temperature of the hottest quarter Bio10 X X X

Average temperature of coldest quarter Bio11 X X X

Annual precipitation Bio12 X X

Precipitation of the wettest month Bio13 X X

Precipitation of the driest month Bio14 X X X X

Seasonal precipitation Bio15 X X X

Precipitation in the wettest quarter Bio16 X X

Precipitation of the driest quarter Bio17 X
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	 A total of 1,736 candidate models were obtained by combining four sets of 
environmental variables and 14 regularisation multiplier values (0.1, 0.2, 0.3, 0.4, 0.5, 
0.6, 0.7, 0.8, 0.9, 1.0, 2.0, 3.0, 4.0 and 5.0). These were then combined with the 29 
possible combinations of the five entity classes (linearl, quadraticq, productp, 
thresholdt and hingeh) (Cobos et al., 2019).
	 First, the best candidate models were selected for statistical significance: partial Receiver 
Operating Characteristic (ROC) and omission rate at 5% predictive ability. Secondly, they 
were selected for their performance based on Akaike’s information-corrected criterion 
(AICc) for small sample sizes (Núñez-Penichet et al., 2021). The number of parameters 
was determined by identifying all parameters with a non-zero weight in the lambda file 
produced by MaxEnt. This is a small text file containing details of the model produced by 
MaxEnt as part of the modelling process (Warren & Seifert, 2011). Finally, models with 
delta AICc2 were selected from those that were statistically significant and had omission 
rates below 5% (Cobos et al., 2019).
	 After the calibration process, the final models were created using all occurrences with 
the selected parameter values and 10 bootstrap replications with logistic outputs for Mexico. 
In order to identify high-risk geographical areas for model transfer, the environmental 
distance between sites in general, and to the nearest portion of the calibration region M, was 
calculated using Mobility-Oriented Parity (MOP) analysis. The environmental amplitude 
of the predictors within region G (10% of the sampled benchmarks) was then compared for 
the total projection area. It should be noted that the extrapolation risk analysis defines areas 
with strict extrapolation (i.e. they represent the degree of similarity between conditions in 
M and G, where zero values correspond to areas of strict extrapolation) to avoid the risk of 
overprediction in non-analogue settings (Owens et al., 2013).

RESULTS AND DISCUSSION
	 A total of 1,736 models were analysed, 1,254 of which were statistically significant. Five 
models that met the omission rate and AICc criteria were selected (Figure 1).
	 The model with environmental predictors (Set2), class (Threshold), multiple 
regularisation (N0.9), partial ROC (1.39), omission rate at 5% (0.00), AICc (764.25), 
delta AICc (0.00), WAICc (0.16) and numerical parameters (N9) was chosen as the best 
candidate (Table 2).
	 The model indicates that P. setaceum is likely to find favourable environmental conditions 
for establishment along the Pacific coast and in the central regions of Mexico (Chiapas, 
Oaxaca, Guerrero, Michoacán, Colima, Jalisco, Nayarit, Puebla, Mexico City, Guanajuato, 
Zacatecas, Sinaloa, Baja California Sur and Baja California Norte), as well as in the states of 
Veracruz, Hidalgo, San Luis Potosí and Coahuila (Figure 2a). However, care must be taken 
when interpreting the results for the areas corresponding to the Yucatán Peninsula, the Gulf 
of Mexico, San Luis Potosí, Durango, Zacatecas, Coahuila, Sinaloa, Sonora, Baja California 
Sur and Baja California Norte, as there is high standard deviation (Figure 2b).
	 In all four climate change scenarios (SSP1-2.6; SSP2-4.5; SSP3-7.0; and SSP5-8.5), the 
areas of potential P. setaceum invasion and standard deviation are minimal. As can be seen in 
Figure 3, the increase in the areas of encroachment is smaller in each of the different scenarios.
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Table 2. Performance statistics for the selected models according to the criteria established for the construction of the ecological niche of P. 
setaceum in Mexico. *Features: T (Threshold), P (Product), L (Linear) y Q (Quadratic).

Classes* Multiple 
regularisation Set ROC partial Omission 

rate 5% AICc Delta AICc W AICCc #
Parameters

T 0.9 Set2 1.39 0.00 764.25 0.00 0.16 9

PT 0.9 Set2 1.38 0.00 764.25 0.00 0.16 9

LPT 0.9 Set2 1.38 0.00 764.25 0.00 0.16 9

QPT 0.9 Set2 1.38 0.00 764.25 0.00 0.16 9

LQPT 0.9 Set2 1.38 0.00 764.25 0.00 0.16 9

Figure 1. Distribution of selected models, those statistically non-significant and the total set, according to 
predefined criteria for P. setaceum in Mexico.

Figure 2. Ecological niche model for P. setaceum in Mexico. a) Shows the ENM of P. setaceum in Mexico, with 
the highest probability of distribution shown in red. b) Shows areas of uncertainty, with the highest uncertainty 
shown in blue.

a b
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Figure 3. Climate change scenarios for the ENM of P. setaceum in Mexico. The left panel shows each of the 
four SSP scenarios (SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP4-8.5), while the right panel shows the uncertainty 
of the ENMs.

a e

b f

c g

d h
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	 Overlapping the current scenario with the different climate change scenarios reveals 
that the zones where they overlap remain largely unchanged across Mexico, particularly in 
the centre of the country (Figure 4).
	 Depending on the scenario, there are exclusive areas of encroachment, as is the case 
with SSP370 in the Veracruz area. The areas that remain constant between the current 
period and the climate change scenarios are consistent across the four SSPs (SSP1-2.6, 
SSP2-4.5, SSP3-7.0 and SSP4-8.5). The areas lost correspond mostly to parts of the 
Yucatán Peninsula, the Gulf of Mexico (Veracruz) and Baja California Sur, while the areas 
gained (areas of new invasion) correspond mostly to central Mexico (Figure 5).
	 The territorial scale of the data presented here is much larger than that of a similar 
study conducted by Da Re et al. (2020) on the island of Tenerife. In that study, it was 
shown that the entire coastal area was suitable for the spread of Pennisetum. In contrast, 
Mexico offers an extremely large territorial space with a wide range of climates, including 
tropical conditions that could be suitable for the species, which naturally occurs in arid 
zones, as seen in its natural distribution. The models analysed could be improved to better 
describe reality if new distribution records for this species in Mexico could be accessed. 
This work may therefore stimulate interest in generating new knowledge about this species 
in Mexico, as the field study demonstrates the severity of the invasion in the studied sites, 
particularly in the Guadalajara metropolitan area ( Jalisco), resulting in biodiversity loss 
and desertification (Pasta et al., 2010; PIER, 2021; Tunison, 1992). Having observed that 
the plant is being used on a national scale as an ornamental grass, we are keen to see the 
results of this work. The collection points used are those of self-propagated individuals, 
i.e. individuals that originated in urban and peri-urban areas due to the species’ invasive 
potential after seeds were spread from ornamental plantings in city flower boxes.
	 Raising awareness of this specific problem in Mexico could encourage the implementation 
of effective measures to prevent situations like the one in Italy, where eradication is now 
economically impossible (Alcamisi, 2019). The species was first introduced to the botanical 
garden in Palermo, Italy, in 1939 for study purposes, as a forage and ornamental plant. It is 

Figure 4. Areas of overlap of the four SSP scenarios based on the ENM construction of P. setaceum in Mexico.
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now fully naturalised, having almost completely displaced local grasses such as Hyparrhenia 
hirta (L.) Stapf. (Pasta et al., 2010; Giovanni Provenzano, personal communication; manager 
of the Monte Pellegrino Oriented Nature Reserve, Palermo). A similar situation could 
occur in some areas of Mexico if intervention is not carried out promptly and effectively.
	 Studies on possible increases in invasions depending on climate change scenarios on 
Tenerife warn of the potential expansion of this exotic species on the island, including 
the possible conquest of the high-altitude ecological niche of local pines. This could have 
serious consequences, including increased desertification and forest fires, as well as a loss of 
biodiversity (Da Re et al., 2020). A similar situation could easily occur in the La Primavera 
Forest in Guadalajara, an area subject to frequent forest fires ( Jardel-Peláez, 2021). The 
extensive root system of P. setaceum reduces the availability of water for neighbouring 
plants, stunting the growth of tree species (Cordell & Sandquist, 2008). It therefore limits 
the number of young trees in areas where it becomes established (Cabin et al., 2002). Given 
the species’ characteristics, we should not expect less aggressive results in Mexico than in 
previous studies conducted in other parts of the world. Currently, several cities in Mexico 
use this species for public landscaping, planting it in tree surrounds and roundabouts. 
There is strong support from citizens, who consider the species aesthetically pleasing. 
However, the risk of invasion is considered to be very high, and it has been observed that 
the species is reproducing spontaneously and colonising cracks in pavements, planters, and 
vacant lots in several areas of these cities (personal observation, Figure 6).

Figure 5. Areas of gain, loss and maintenance (conserved) of ENM of P. setaceum, according to each of the 
scenarios and the current period in Mexico.

a b

c d
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	 This situation is evident to a critical observer and deserves to be studied and reported, 
hence the need for this research. The models generated in this study demonstrate that 
there is indeed territory within the country susceptible to colonisation. Fieldwork data also 
show that the species is capable of colonising the Mexican environment independently. 
The large quantity of viable seeds produced by the species, its ecological niche and the 
complacency of the population, which propagates and sows the species unknowingly, could 
therefore generate a serious future problem.

CONCLUSIONS
	 This study is the first to model the environmental niche of P. setaceum in the Americas. 
It is expected to lay the groundwork for further research on this invasive species in Mexico. 
Specific censuses must be carried out in several metropolitan areas of the country to update  
databases and produce increasingly accurate models, providing an up-to-date view of the 
level of invasion and enabling the development of control and eradication plans.

ACKNOWLEDGEMENT
	 This work was supported by the Mexican National Council for Science and Technology (CONAHCYT) 

[grant numbers I1200/224/2021]. Thanks are also due to the Environmental Department of Zapopan 

Municipality and landscape architect Óscar Jauregui Ortiz.

REFERENCES 
Ailello-Lammens, M.E., Boria, R.A., Radosavljevic. A., Vilela, B., & Anderson, R.P.( 2015). spThin: an R 

package for spatial thinning of species occurrences records for use in ecological niche models. Ecography. 
38: 541-545. doi: https://doi.org/10.1111/ecog.01132

Alcamisi, L. (2019). Dinamiche di invasività di Cenchrus setaceus (Forssk.) Morrone. Il caso emblematico di 
Monte Pellegrino. [Tesis de licenciatura]. [Palermo]: Universitá degli Studi di Palermo, Italia. 

Figure 6. On the left, entrance to the city of San Cristóbal de las Casas, Chiapas, on the right, Avenida de las 
Américas avenue in the city of Guadalajara, Jalisco.

https://doi.org/10.1111/ecog.01132


275 AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/n7qmr549

Anderson, R.P., Lew, D., Peterson, A.T. (2003). Evaluating predictive models of species distributions: 
criteria for selecting optimal models. Ecol Modell. 162: 211-232. doi: https://doi.org/10.1016/S0304-
3800(02)00349-6

Barve, N., Barve, V., Jiménez-Valverde, A., Lira-Noriega, A., Maher, S.P., Peterson, A.T., Soberon, J., Villalobos, 
F. (2011). The crucial role of the accessible area in ecological niche modeling and species distribution 
modeling. Ecol Modell. 222: 1810-1819. doi:  https://doi.org/10.1016/j.ecolmodel.2011.02.011

Cabin, R.J., Weller, S.G., Lorence, D.H., Cordell, S., Hadway, L.J., Montgomery, R., Goo, D. y Urakami, A. 
(2002) Effects of light, alien grass, and native species additions on Hawaiian dry forest restoration. Ecol 
Appl. 122:1595-1610. doi: https://doi.org/10.1890/1051-0761(2002)012[1595:EOLAGA]2.0.CO;2

Cobos, M.E., Peterson, A.T., Barve, N., Osorio-Olvera, L. (2019). Kuenm: a Dynamic R package for detailed 
calibration of ecological niche models using MaxEnt. Peer J. 7: e6281. doi: https://doi.org/10.7717/
peerj.6281

[CONABIO] Comisión Nacional para el Conocimiento y Uso de la Biodiversidad. (2021). Especies invasoras 
[Revisada en: 16 mar 2021]. https://www.biodiversidad.gob.mx/especies/Invasoras/cuales-son

Cordell, S., Sandquist, D.R. (2008). The impact of an invasive African bunchgrass (Pennisetum setaceum) on 
water availability and productivity of canopy trees within a tropical dry forest in Hawaii. Funct Ecol 22: 
1008-1017. doi: https://doi.org/10.1111/j.1365-2435.2008.01471.x

Da Re, D., Tordoni, E., De Pascalis, F., Negrín-Pérez, Z., Fernández-Palacios, J.M., Arévalo, J.R., Rocchini, 
D., Medina, F.M., Otto, R., Arlé, E., Bacaro, G. (2020). Invasive fountain grass (Pennisetum setaceum 
(Forssk.) Chiov.) increases its potential area of distribution in Tenerife Island under future climatic 
scenarios. Plant Ecol. 221: 867-882. doi: https://doi.org/10.1007/s11258-020-01046-9

[EPPO] European and Mediterranean Plant Protection Organization. 2009. [Revisada en: 16 mar 2021]. 
http://www.eppo.org/QUARANTINE/Alert_List/invasive_plants/Pennisetum_seta ceum.htm 

Escobar, L.E., Lira-Noriega, A., Medina-Vogel, G., Peterson, A.T. (2014). Potential for spread of the white-
nose fungus (Pseudohymnoascus destructans) in the Americas: use of MaxEnt and NicheA to assure strict 
model transference. Geospat Health. 9: 221-229. doi: https://doi.org/10.4081/gh.2014.19 

Estrada-Peña, A., Estrada-Sánchez, A., Estrada-Sánchez, D., De la Fuente, J. (2013). Assessing the effects of 
variables and background selection on the capture of the tick climate niche. Int J Health Geogr. 12: 43. 
doi: https://doi.org/10.1186/1476-072X-12-43 

Fick, S.E., Hijmans, R.J. (2017). WorldClim 2: new 1-km spatial resolution climate surfaces for global land 
areas. Int J Climatol. 37: 4302-4315. [Revisada en: 7 jul 2021].  http://www.worldclim.org 

[GIBD] Global Invasive Species Database. 2021. Species profile: Cenchrus setaceus. [Revisada en: 16 mar 2021]. 
http://www.iucngisd.org/gisd/species.php?sc=309

[GBIF] Global Biodiversity Information Facility. 2023. GBIF Occurrence Download, [Revisada en: 16 mar 
2021]. https://doi.org/10.15468/dl.w98pyc  

Guisan A, Thuiller W. 2005. Predicting species distribution: offering more than simple habitat models. Ecol 
Lett. 10: 435. doi: https://doi.org/10.1111/j.1461-0248.2005.00792.x

[IPCC] Intergovernmental Panel on Climate Change. (2021). Climate change 2021. The Physical Science 
Basic. Contribution of Working Group I to the Sixth Assessment Report of the Intergovernmental 
Panel on Climate Change. Masson-Delmonte, V., Zhai, P., Piranim A., Connors, S.L., Pean, C., Berger, 
S., Caun, N., Chen, Y., Goldfarb, L., Gomis, M. et al. Eds. Cambridge University Press. Cambridge. 

Jardel-Peláez, E.J. (2021). Los incendios en el Bosque La Primavera: entender el problema para resolverlo. 
El Informador, periódico online, [Revisada en: 18 ago 2023]. https://www.informador.mx/ideas/Los-
incendios-en-el-Bosque-La-Primavera-entender-el-problema-para-resolverlo-20210418-0028.html

Martínez-Sifuentes, A.R., Villanueva-Díaz, J., Crisantos de la Rosa, E., Stahle, D.W. (2021). Current and 
future spatial modeling of habitat suitability of the Mexican baldcypress (Taxodium mucronatum Ten.): a 
proposal for conservation in Mexico. Bot Sci. 99(4): 752-770. doi: https://doi.org/10.17129/botsci.2772 

Moo-Llanes, D.A., Ibarra-Cerdeña, C.N., Rebollar-Téllez, E.A., Ibáñez-Bernal, S., González, C., Ramsey, 
J.M. (2013). Current and future niche of North and Central American sand flies (Diptera: Psychodidae) 
in climate change scenarios. PLoS Negl Trop Dis 7: e2421. doi: https://doi.org/10.1371/journal.
pntd.0002421 

Moo-Llanes, D.A., López-Ordóñes, T., Torres-Monzón, J.A., Mosso-Gonzáles, C., Casas-Martínez, M., Samy, 
A.M. (2021). Assessing the potential distributions of the invesive mosquito vector Aedes albopictus and its 
natural Wolbachia infections in México. Insects 12(2): 143. doi: https://doi.org/10.3390/insects12020143  

Moo-Llanes, D.A., Pech-May, A., Ibarra-Cerdeña, C.N., Rebollar-Téllez, E.A., Ramsey, J.M. (2019). Inferring 
distributional shifts from Pleistocene to future scenarios of epidemiologically important North and 
Central American sandflies (Diptera: Psychodidae). Med Vet Entomol. 33: 31-43. doi: https://doi.
org/10.1111/mve.12326 

https://doi.org/10.1016/S0304-3800(02)00349-6
https://doi.org/10.1016/S0304-3800(02)00349-6
https://econpapers.repec.org/scripts/redir.pf?u=https%3A%2F%2Fdoi.org%2F10.1016%252Fj.ecolmodel.2011.02.011;h=repec:eee:ecomod:v:222:y:2011:i:11:p:1810-1819
https://doi.org/10.1890/1051-0761(2002)012%5b1595:EOLAGA%5d2.0.CO;2
https://doi.org/10.7717/peerj.6281
https://doi.org/10.7717/peerj.6281
https://www.biodiversidad.gob.mx/especies/Invasoras/cuales-son
https://doi.org/10.1111/j.1365-2435.2008.01471.x
https://doi.org/10.1007/s11258-020-01046-9
http://www.eppo.org/QUARANTINE/Alert_List/invasive_plants/Pennisetum_seta%20ceum.htm
https://doi.org/10.4081/gh.2014.19
https://doi.org/10.1186/1476-072X-12-43
http://www.worldclim.org
about:blank
https://doi.org/10.15468/dl.w98pyc
https://doi.org/10.1111/j.1461-0248.2005.00792.x
https://www.informador.mx/ideas/Los-incendios-en-el-Bosque-La-Primavera-entender-el-problema-para-resolverlo-20210418-0028.html
https://www.informador.mx/ideas/Los-incendios-en-el-Bosque-La-Primavera-entender-el-problema-para-resolverlo-20210418-0028.html
https://doi.org/10.17129/botsci.2772
https://doi.org/10.1371/journal.pntd.0002421
https://doi.org/10.1371/journal.pntd.0002421
https://doi.org/10.3390/insects12020143
https://doi.org/10.1111/mve.12326


276 AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/n7qmr549

Moo-Llanes, D.A., Pech-May, A., Montes de Oca-Aguilar, A.C., Salomón, O.D., Ramsey, J.M. (2020). 
Niche divergence and paleo-distributions of Lutzomyia longipalpis mitochondrial haplogroups (Diptera: 
Psychodidae). Acta Trop. 211: 105607. doi: https://doi.org/10.1016/j.actatropica.2020.105607

Moo-Lanes, D.A., Sánchez-Montes, S., López-Ordóñez, T., Dzul-Rosado, K., Segura-Trejo, D., Salceda-
Sánchez, B., Danis-Lozano, R. (2023). Comparison of climate change scenarios of Rhipicephalus 
sanguineus sensu lato (Latreille 1806) from México and the boarders with Central America and the 
United States. Trop Med Infect Dis. 8: 307. doi: https://doi.org/10.3390/tropicalmed8060307

Marcer, A., Pino, J., Pons, X., Brotons, L. (2012). Modelling invasive alien species distributions from digital 
biodiversity atlases. Model upscaling as a means of reconciling data at different scales. Diversity and 
Distributions 18: 1177-1189. doi:  https://doi.org/10.1111/j.1472-4642.2012.00911.x

Muscarella, R., Galante, P.J., Soley-Guardia, M., Boria, R.A., Kass, J.M., Uriarte, M., Anderson, R.P. (2014). 
ENMeval: An R package for conducting spatially independent evaluations and estimating optimal 
model complexity for MaxEnt ecological niche models. Methods Ecol Evol. 5: 1198-1205. doi: https://
doi.org/10.1111/2041-210X.12261 

Nuñez-Penichet, C., Osorio-Olvera, L., González, V., Cobos, M.E., Jiménez, L., De Raad, D.A., Alkishe, A., 
Contreras-Diaz, R., Nava-Bolaños, A., Utsumi, K., Ashraf, U., Adeboje, A., Peterson, A.T. (2021). 
Geographic potential of the world’s largest hornet, Vespa mandarinia Smith (Hymenoptera: Vespidae), 
worldwide and particularly in North America. Peer J. 9:e10690. doi: https://doi.org/10.7717/peerj.10690

Olson, D.M., Dinerstein, E., Wikramanayake, D.E., Burgess, N.D., Powell, G.V.N., Underwood, E., D’Amico, 
J., Itoau, I., Strand, H., Morrison, J., Loucks, C., Allnut, T., Ricketts, T., Kura, Y., Lamoreux, J., 
Wettengel, W., Hedao, P., Kassem, K. (2001). Terrestrial ecoregions of the world: a new map of life on 
Earth. BioScience. 51: 933-938. doi: https://doi.org/10.1641/0006-3568(2001)051[0933:TEOTWA]2.0
.CO;2

Owens, H.L., Campbell, L.P., Dornak, L.L., Saupe, E., Barve, N., Soberon, J., Ingenloff, K., Lira-Noriega, 
A., Hensz, C., Myers, C., Peterson, A.T. (2013). Constraints on interpretation of ecological niche 
models by limited environmental ranges on calibrations areas. Ecol Modell. 263: 10-18. doi: https://doi.
org/10.1016/j.ecolmodel.2013.04.011

Pasta, S., Badalamenti, P., La Mantia, T. (2010). Tempi e modi di un’invasione incontrastata: Pennisetum 
setaceum (Forssk.) Chiov. (Poaceae) in Sicilia. Naturalista sicil., S. IV, XXXIV (3-4): 487-525.

Peterson, A.T., Soberón, J., Pearson, R.G., Anderson, R.P., Martinez-Meyer, E., Nakamura, M. (2012). 
Ecological Niches and Geographic Distribution. Princeton: Princeton University Press. 

[PIER] Pacific Island Ecosystems at Risk. (2021). Pennisetum setaceum. [Revisada en: 13 mar 2021]. Pennisetum 
setaceum: info from PIER (PIER species info) (hear.org) 

Richardson, D.M., Pysek, P., Rejmanek, M., Barbour, M.G., Panetta, F.D., West, C. (2000). Naturalisation and 
invasion of alien plants: concept and definitions. Diversity Distrib 6: 93-107. doi: https://doi.org/10.1046/
j.1472-4642.2000.00083.x

[SEMARNAT] Secretaría de Medio Ambiente y Recursos Naturales. (2017). Anexo I: listado de plantas. Lista 
de especies exóticas invasoras para México. [Revisada en: 13 mar 2021]. Anexo I: listado de plantas | 
Secretaría de Medio Ambiente y Recursos Naturales | Gobierno | gob.mx (www.gob.mx)

Simoes, M., Romero-Álvarez, D., Nuñez-Penichet, C., Jiménez, L., Cobos, M.E. (2020). General theory and 
good practices in Ecological niche modeling: a Basic Guide. Biodivers Inform. 18: 67-68. doi: https://doi.
org/10.17161/bi.v15i2.13376

Tunison, J.T. (1992). P. setaceum control in Hawaii Volcanoes National Park: management considerations and 
strategies – Pp. 376-393 in: Stone C.P., Smith C.W., Tunison J.T. (eds.), “Alien Plant invasions in native 
ecosystems of Hawai’i: management and research”. Honolulu: University of Hawai’i Press.

Wagner, W.L., Herbst, D.R., Sohmer, S.H. (1990). Manual of the flowering plants of Hawaii. Honolulu: 
University of Hawaii Press. 

Warren, D., Seifert, S.N. (2011). Ecological niche modeling in MaxEnt: the importance of model complexity 
and the performance of model selection criteria. Ecol Appl. 21: 335-342. doi: https://doi.org/10.1890/10-
1171.1

Williams, D.G., Black, R.A. (1994). Drought response of a native and introduced Hawaian grass. Oecologia 
97:512-519. doi: https://doi.org/10.1007/BF00325890

Williams, D.G., Mack, R.N., Black, R.A. (1995). Ecophysiology of introduced Pennisetum setaceum on Hawaii: 
the role of phenotypic plasticity. Ecology 76(5): 1569-1580. doi: https://doi.org/10.2307/1938158

Xue, Y., Lin, C., Wang, Y., Zhang, Y., Ji, L. (2022). Ecological niche complexity of invasive and native cryptic 
species of the Bemisia tabaci species complex in China. Journal of Pest Science 95:1245-1259.doi: https://
doi.org/10.1007/s10340-021-01450-8

https://doi.org/10.1016/j.actatropica.2020.105607
https://doi.org/10.3390/tropicalmed8060307
https://doi.org/10.1111/j.1472-4642.2012.00911.x
https://doi.org/10.1111/2041-210X.12261
https://doi.org/10.7717/peerj.10690
https://doi.org/10.1641/0006-3568(2001)051%5b0933:TEOTWA%5d2.0.CO;2
https://doi.org/10.1641/0006-3568(2001)051%5b0933:TEOTWA%5d2.0.CO;2
https://doi.org/10.1016/j.ecolmodel.2013.04.011
https://doi.org/10.1016/j.ecolmodel.2013.04.011
http://www.hear.org/pier/species/pennisetum_setaceum.htm
http://www.hear.org/pier/species/pennisetum_setaceum.htm
https://doi.org/10.1046/j.1472-4642.2000.00083.x
https://doi.org/10.1046/j.1472-4642.2000.00083.x
http://dx.doi.org/10.17161/bi.v15i2.13376
https://doi.org/10.1890/10-1171.1
https://doi.org/10.1890/10-1171.1
https://doi.org/10.1007/bf00325890
https://doi.org/10.2307/1938158
https://doi.org/10.1007/s10340-021-01450-8
https://doi.org/10.1007/s10340-021-01450-8

	_GoBack
	_Hlk206581333
	_Hlk200785483
	_Hlk195562670
	603023_ja
	_heading=h.6vszxhdj8o8p
	_Hlk203730757
	_Hlk164852220
	_Hlk48736397
	_Hlk170899136
	_Hlk170899238
	_Hlk164852342
	_Hlk170899156
	_Hlk170899160
	_Hlk163122612
	_Hlk163122539
	_Hlk87343817
	_Hlk87343833
	_Hlk203659466
	_Hlk89155578

