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Abstract 

Forest pests are one of the primary disturbance factors in the temperate forests of Mexico. Ips confusus attacks 
Pinus cembroides trees, especially after intense droughts. The aim of this study was to assess the impact of I. 
confusus on the annual radial growth of a P. cembroides forest in the Carichí municipality, state of Chihuahua, 
México. Additionally, the influence of climatic variables was determined. Increment cores were extracted from 
both attacked (AA) and non-attacked P. cembroides trees (ANA). A total of 53 increment cores were dated, 
spanning from 1776 to 2012 (AA=24 and ANA=29). Starting from 1998, differential basal area growth was 
observed between AA and ANA. By the time of tree mortality in 2012, a difference of over 100 % was recorded 
(AA=8.03±1.53 cm2 year⁻¹, and ANA=17.7±1.74 cm2 year⁻¹, p<0.001). However, ANA exhibited greater 
sensitivity to climatic variables than AA, displaying increased synchrony in recent years. At the canopy level, a 
correlation was found between Normalized Difference Vegetation Index (NDVI, r=0.51, p<0.05) and ANA, 
exclusively. Nonetheless, AA demonstrated a high sensitivity to drought conditions, particularly with the Palmer 
Drought Severity Index (PDSI, r=0.53, p<0.05). This suggests that prior drought conditions (up to 10 years) 
are linked to reduced growth in P. cembroides, predisposing them to forest pest infestations. 

Key words: Chihuahua, dendroecology, NDVI, PDSI, forest pests, drought. 

Resumen 

Las plagas forestales representan una de las principales causas de disturbio en los bosques templados de 
México. Ips confusus ataca a Pinus cembroides después de intensas sequías. El objetivo del presente estudio fue 
evaluar tanto el impacto por I. confusus, como del clima en el crecimiento radial de un bosque de P. cembroides 
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en el municipio Carichí, Chihuahua, México. Se obtuvieron núcleos de crecimiento de árboles atacados (AA) y de 
no atacados (ANA) de la misma especie. Se dataron 53 series dendrocronológicas con una extensión máxima de 
1776 a 2012 (AA=24 y ANA=29). A partir de 1998, se observó un crecimiento diferencial en el área basal entre 
AA y ANA. Al momento de la muerte del arbolado (2012), se registró una diferencia de más de 100 % 
(AA=8.03±1.53 cm2 año-1, y ANA=17.7±1.74 cm2 año-1, p<0.001). Los ANA mostraron una sensibilidad superior a 
variables climáticas que los AA, con una mayor sincronía en los últimos años. A nivel dosel, se determinó una 
correlación con el Índice de Vegetación de Diferencia Normalizada (NDVI, r=0.51, p<0.05) exclusivamente para 
ANA. Sin embargo, los AA fueron más sensibles a condiciones de sequía, con base en el Índice de Severidad de 
Sequia de Palmer (PDSI, r=0.53, p<0.05). Esto sugiere que condiciones de sequía previas (hasta 10 años) 
predisponen menor crecimiento radial de P. cembroides y favorece el ataque de plagas. 

Palabras clave: Chihuahua, dendroecología, NDVI, PDSI, plagas forestales, sequía. 

 

 

Introduction 

 

 

Globally, forest ecosystems face major challenges such as extreme climate 

variations, human disturbances, pathogens, and the presence of pests (Lovett et 

al., 2006; Gómez-Guerrero et al., 2021). The latter not only affect wood 

production (Kurz et al., 2008; Ramsfield et al., 2016), but also ecosystem services 

such as carbon capture, prevention of soil erosion, water capture and the provision 

of habitats (Schowalter, 2012). Changing abiotic conditions and changing 

disturbances often pose a serious threat to forest health (Allen et al., 2010), and 

when combined with forest insect pests, the consequences can have catastrophic 

impacts (Breshears et al., 2005). 

In Mexico, forest pests represent one of the main causes of disturbance in 

temperate forests, since it has been recorded that there are around 70 species of 

insects and pathogens that disturb trees (Semarnat, 2015). Forest health diagnoses 

and treatments indicate that bark insects are the group of pests that have affected 

the greatest surface area (40.5 %), among which are Dendroctonus adjuntus 

Blandford, 1897, Dendroctonus frontalis Zimmerman, 1868, Dendroctonus 

mexicanus Hopkins, 1905, Dendroctonus rhizophagus Thomas & Bright, 1970, 
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among others (Semarnat, 2015). Likewise, one of the main pests of pine trees are 

the bark beetles of the genus Ips, within which some species that are generally 

considered secondary pests sometimes behave as primary pests, mainly due to the 

effect of climate change. It is likely that this is related to the stress to which forest 

ecosystems are subjected due to the effect of more extreme hydrometeorological 

events and, therefore, a decrease in their resilience, which favors pest attacks 

(Hernández, 2010; Correa-Díaz et al., 2023). 

Insects of the Dendroctonus and Ips genera are one of the most important 

mortality factors during forest development (Gillette et al., 2001). In Mexico, Ips 

confusus Wood & Bright, 1992 is distributed in the states of Baja California, 

Chihuahua, Hidalgo and San Luis Potosí, where its main hosts are Pinus 

cembroides Zucc., Pinus edulis Engelm., Pinus monophylla Torr. & Frém and Pinus 

oocarpa Schiede ex Schltdl. (Cibrián et al., 1995). The same authors refer that this 

beetle attacks P. cembroides trees generally after intense droughts, and can 

behave as a primary pest when conditions favor it. Consequently, they affect a 

significant number of trees, causing serious damage and mortality to pineon pine 

forests in transition zones (Floyd et al., 2009). Additionally, Sánchez-Martínez et 

al. (2007) indicate that, at the national level, the Ips genus infests trees of the 

Pinus L. and Picea A. Dietr. genera without distinction when they are weakened 

due to droughts, frosts and fires; however, the specimens of these genera, upon 

recovering from these stress factors, are less susceptible to attack by this pest 

(Cibrián et al., 1995). Individuals of I. confusus establish themselves in wounds, 

scrapes, and fissures in the lower part of the trunk and at the tip of the crown of 

adult trees, while the most susceptible hosts are those young Pinus specimens in 

sites with high tree density (Hamilton et al., 2004). 

The Ips genus, in addition to causing the death of trees, is also associated with the 

incidence of fungi that stain the wood and, consequently, reduce its commercial value 

(Cibrián et al., 1995). They make galleries in the phloem and cambium, the male 
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remains in the nuptial chamber and each female builds a gallery arm and forms 

niches on the sides where they place their eggs. When the larvae are born, as part of 

the feeding process, they create individual galleries until they transform into a pupa, 

which is located between the phloem and the cambium (Cibrián et al., 2015). 

In 2012, in a natural forest of P. cembroides located in the Pasigochi ejido, Carichí 

municipality, state of Chihuahua, an infestation by I. confusus occurred in more 

than 95 hectares of trees. To combat the pest, sanitation cuts and on-site 

incineration of the plagued material were carried out. Subsequently, in March 2013, 

increment cores and cross sections of the attacked trees (AA) and non-attacked or 

control trees (ANA) of the same species and similar ages were collected, with the 

aim of: (i) Determine the impact and temporal variation in the growth of P. 

cembroides trees affected by I. confuses, and (ii) Estimate the influence of climatic 

variables on the tree-ring width in the two groups of trees studied (AA and ANA). 

The above was done through the use of dendrochronological techniques, which 

allow dating and quantifying with annual precision the disturbances, including the 

presence of pests that have affected the radial growth of the tree (Swetnam et al., 

1985). For example, by comparing ring widths in AA and ANA, it is possible to 

identify pest attack events over time, as well as infestation regimes (Guiterman et 

al., 2020). The hypothesis proposed is that through the analysis of tree rings it is 

possible to identify differentiated behaviors between AA and ANA, prior to the death 

of the trees. Furthermore, if it is assumed that the effect of I. confusus is associated 

with the presence of droughts, the climatic signal, especially that related to drought 

indexes contained in the tree rings of AA, should be greater. Given that the 

decrease in forest resilience due to the effect of drought has been described 

(Correa-Díaz et al., 2023), the information from this research will be useful to make 

forest management recommendations after an intense drought event, and minimize 

the damage that may be caused, in particular, infestations and mortality of trees. 
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Materials and Methods 

 

 

Study area 

 

 

The area is located between 27°54'49" N and -107°12'45" W belonging to the 

Pasigochi ejido, Carichí municipality, state of Chihuahua, Mexico, where stands of P. 

cembroides are located in areas without forest management (Figure 1). The average 

altitude of the area is 2 260 m with a dry temperate climate (Bsk) sensu Köppen, 

average annual temperature of 18 °C, precipitation of 450 mm per year and 

dominance of Regosol type soils (Comité Técnico Estatal de Sanidad Forestal del 

Estado de Chihuahua, 2022). 
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Figure 1. Location of the study area infested by Ips confusus Wood & Bright, 1992 

in the Pasigochi ejido, Carichí, Chihuahua, Mexico. 

 

 

Dendrochronological sampling of attacked and non-attacked trees 

 

 

In March 2013, trees attacked (AA) by I. confusus were selected, from which 

increment cores were obtained with a Haglöf Sweden® Pressler drill of 5.15 mm in 

diameter and 50.8 cm long (Figure 2A). Additionally, cross sections were collected 

from individuals felled during the sanitation activities that occurred in 2012. In an 

adjacent site with dominant vegetation of P. cembroides and without apparent 

damage by I. confusus, a second collection of increment cores was carried out (March 

2013) for comparative purposes in non-attacked trees (ANA), which served as 

controls (Figure 2B). In total, 24 AA and 29 ANA were sampled, from which all 

samples were dated using conventional dendrochronological techniques (Fritts, 

1976). The annual growth rings of P. cembroides were measured with a VELMEX TA 

(Velmex Inc., 

https://www.velmex.com/Downloads/Spec_Sheets/TA%20System%207-1-

14%20Rev%20C.pdf) measurement system with a precision of 0.001 mm, in the 

Dendrochronology Laboratory of INIFAP Cenid-RASPA, located in Gómez Palacio, 

state of Durango, Mexico. The crossdating and measurement accuracy of each ring was 

verified with the COFECHA program (Holmes, 1983). Biological trends not related to 

climate were removed with the dlpR program (Bunn, 2008) through the standardization 

process, with a Spline-type curve, which uses a 0.5 frequency at a wavelength of 2/3 of 

the total length of the series (Cook, 1987). With this, ring width indexes (IAA) were 

generated in their standardized version for AA and ANA. Additionally, with the dplR 

https://www.velmex.com/Downloads/Spec_Sheets/TA%20System%207-1-14%20Rev%20C.pdf
https://www.velmex.com/Downloads/Spec_Sheets/TA%20System%207-1-14%20Rev%20C.pdf
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package, time series of forest productivity were constructed, expressed as Basal Area 

Increment (IAB), which are useful in this type of studies since they relate the amount of 

wood produced per year (cm2 year-1) (Biondi and Qeadan, 2008). Since the interest of 

the study was the plague event that led to the death of a part of the trees in 2012, the 

analysis focused only on the 1980-2012 period. 

 

 

A = Obtaining increment cores from Pinus cembroides Zucc. affected by Ips 

confusus Wood & Bright, 1992; B = Sampling of non-attacked trees (witnesses) 

close to the affected area. 

Figure 2. Dendrochronological sampling in attacked and non-attacked trees. 

 

 

Analysis of attacked/non-attacked trees 

 

 

To quantify the impact of I. confusus on the radial growth of P. cembroides, the 

host/non-host analysis was used, which is usually used in dendroecological studies 

related to forest pests (Swetnam et al., 1985; Lynch, 2012). This analysis consists 



Castruita Esparza et al., The impact the Ips confusus Wood & Bright... 
 

 

 
11 

of comparing the chronologies of the attacked forest species with respect to the 

non-attacked. In general, the chronology of the unaffected species is subtracted 

from the chronology of the affected species, once they share a common variance, 

and thus, a residual index, also called Growth Suppression Index (GSI) is 

quantified, or its standardized version (NGSI). When the periods in which this 

reduction (NGSI) exceeds a critical threshold (-1.28 SD standard deviation) for 

several consecutive years, they are considered a product of attack by defoliating 

insects or pests (Girardin et al., 2001). However, for these events to be defined as 

widespread attacks throughout the forest, a minimum impact threshold is usually 

used. In this study, a minimum impact threshold of 45 % of the total trees, present 

in at least 10 sampled trees, was established. The analysis of pest events was 

evaluated with the dfoliatR library (Guiterman et al., 2020) in the R program, in the 

1980-2012 period. 

 

 

Effect of climate and photosynthetic activity on tree growth 

 

 

To evaluate the effect that climatic variables have on the growth of AA and ANA, 

climatic information was downloaded from the study area of the Daymet platform 

(Thornton et al., 2021), which integrates daily information on maximum and 

minimum temperature, precipitation, radiation and water vapor pressure for the 

1980-2012 period. This information was refined and converted to monthly average 

values, and then correlated with the IAA of AA and ANA using the treeclim package 

in R (Zang and Biondi, 2015). This package allows obtaining bootstrap-type 

correlation coefficients (n=1 000 replicates). Additionally, to evaluate the stability in 
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the relationships between climate and growth, moving correlations were calculated 

considering blocks of 25 years starting from 1980. 

Finally, the growth information of AA and ANA was correlated with different drought 

indices (Palmer Drougth Severity Index during June, July and August, PDSIJJA; 

Standardized Precipitation Index, SPI) (Stahle et al., 2016; Stahle et al., 2020) and 

satellite information related to photosynthesis from the Landsat series (Normalized 

Difference Vegetation Index, NDVI) (Huntington et al., 2017). The NDVI compares 

the visible red and near-infrared spectral bands to estimate photosynthetic activity 

and thus measure the impact of environmental and biotic factors on vegetation. The 

NDVI information was obtained through the ClimateEngine platform 

(https://app.climateengine.org/), which uses the information available by Google 

Earth Engine. In this case, the NDVI values were generated with the Landsat series, 

including Landsat 5 to 8 with a resolution of 30 m. For this, stands with 

homogeneous areas were defined according to the AA and ANA sampling, 

determining average, minimum and maximum values of NDVI, which made it 

possible to generate NDVI time series from 1993 to 2012. 

 

 

Results and Discussion 

 

 

Radial growth in attacked and non-attacked trees 

 

 

A total of 24 dendrochronological series with a temporal extension from 1776 to 

2012 were dated for AA, and 29 series for ANA (1779-2012). The average age 

https://app.climateengine.org/
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of AA was 153 years and of ANA 136 years. In both cases, the intercorrelation 

between series was higher than the threshold value of 0.3281, which ensures 

good dating quality (AA: r=0.67, p<0.01; ANA: r=0.69, p<0.01) (Holmes, 

1983). When considering the threshold of Expressed Population Signal 

(EPS)>0.85, the 1848–2012 period was determined as the best replicated for 

AA (EPS=0.96) and 1878–2012 for ANA (EPS=0.97) (Figure 3A). 

 

 

A = Ring width index (IAA); B = Basal Area Increment (IAB) of P. cembroides Zucc. 

where the shaded areas represent the standard error. The red line in A is a 

smoothed decade-level curve to highlight periods of low frequency and the dark 

dashed vertical line indicates an EPS>0.85. The dark dashed vertical line in B 

indicates the year 1998, from which differentiated growth was observed. In B the 

years with more than 1 000 hectares affected by bark beetles in the state of 

Chihuahua are indicated, according to the Forest Health Management, Conafor 

(median=125 ha). 

Figure 3. Radial growth in attacked and non-attacked trees. 
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On average for the 1878-2012 period, the IAB of AA and ANA was similar (AA=10.5 

±0.16 cm2 year-1, ANA=9.86±0.14 cm2 year-1). However, in recent decades, 

drought conditions have gradually led to physiological stress in trees with epidemic 

outbreaks on a larger geographic scale (Cervantes-Martínez et al., 2019; Stahle et 

al., 2020), especially at from 1998, where a differentiated growth was observed 

between AA and ANA (Figure 3B). For example, for AA, the trees reduced their 

growth by 14 %, while ANA increased their growth by more than 50 % with respect 

to the historical average (AA=9.00±0.40 cm2 year-1, ANA=15.70±0.48 cm2 year 1). 

In this way, at the time of tree death caused by I. confusus, a difference of more 

than 100 % was determined between both conditions (AA=8.03±1.53 cm2 year-1, 

ANA=17.7±1.74 cm2 year-1, p<0.001). Similar results were recorded by López et al. 

(2017), who pointed out a difference in radial increase between Pseudotsuga 

menziesii (Mirb.) Franco trees infested by I. confusus vs. healthy trees. 

Hammond et al. (2021) suggest that signs of mortality in trees usually occur some 

time after the presence of a drought, although changes in anatomical characteristics 

are immediate (e. g. tree ring, hydraulic conductivity), as observed in the present 

study. According to the State Technical Committee on Forest Health of the state of 

Chihuahua (Comité Técnico Estatal de Sanidad Forestal del Estado de Chihuahua, 

2022), in ten Chihuahua municipalities (including Carichí) there was a high 

incidence of bark insects in 2012, which affected 90 604.93 ha and a volume to be 

cleaned of 123 224.25 m3 roundwood total tree (RTA). 

 

 

Growth suppression by Ips confusus 
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According to dendrochronological sampling, the AA presented 7 growth suppression 

events in the 1878-2012 period, lasting up to 8 years. At the end of the 20th 

century in particular, a notable reduction in growth was observed, confirming the 

importance of this period for those trees that did not survive. For example, for the 

last growth suppression event (1998-2012), in 2002 a total of 19 trees (≈80 % of 

the total) presented the lowest Growth Suppression Index (GSI=0.336) or its 

normalized version (NGSI=-1.774) for the maximum extension of the series (Figure 

4). Notably, compared to the 1960-1968 period, which was also critical, the 

percentage of trees affected during the 1998-2012 period was higher, in 2002 in 

particular (up to 90 % affected). In that year, large areas were harmed by 

moderate to severe droughts in Northern Mexico and Southern United States (Cook 

et al., 2009; Stahle et al., 2016). This led to an increase in forest fires and pests in 

recent decades (Williams et al., 2010). 

 

 

Normalized Growth Suppression Index (NGSI) with growth reduction events in gray 

(below zero). Values less than -1.28 are considered critical events. The lower panel 

shows the percentage of affected trees (n=24). 

Figure 4. Growth suppression by Ips confusus Wood & Bright, 1992. 
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Association of tree growth with climatic variables 

 

 

The characteristics that predispose forest species to bark beet attack are multiple, 

including structural attributes, ecological and climatic conditions (Müller et al., 

2022). In general, ANA showed greater sensitivity to climatic variables than AA. 

For example, minimum temperature was positively correlated with IAA during 

March to May (r=0.36 to r=0.53, p<0.05) (Table 1). A negative association was 

observed with the maximum temperature from September to October prior to the 

growing year and with water vapor pressure (April), although exclusively for ANA 

(Table 1). No significant correlations were found between the IAA of the AA and 

the climatic variables analyzed. 

 

Table 1. Pearson correlation coefficient (Bootstrap n=1 000) between climatic 

variables and ring width indices of attacked (AA) and non-attacked (ANA) trees. 

Month 
Maximum 

temperature 
Minimum 

temperature Precipitation Water vapor 
pressure 

AA ANA AA ANA AA ANA AA ANA 

Prev. Sep. --- -0.424 --- -0.385 --- --- --- -0.367 

Prev. Oct. --- -0.415 --- --- --- --- --- --- 

March --- --- --- 0.355 --- --- --- --- 

April --- --- --- 0.531 --- --- --- 0.388 

May --- --- --- 0.410 --- --- --- --- 

June --- -0.490 --- --- --- --- --- --- 

October --- --- --- 0.422 --- --- --- 0.400 

Values are significant correlations (p<0.05). Prev. = Months prior to the year of growth. 

 



Castruita Esparza et al., The impact the Ips confusus Wood & Bright... 
 

 

 
17 

Moving correlations confirmed the greatest association between ANA and climate 

variables. This type of analysis not only allows identifying key months for the growth 

of the tree, but also its stability/change over time (Zang and Biondi, 2015). For 

example, in addition to the significant correlation in June with maximum temperature 

(r=-0.60, p<0.05), a correlation was observed from July to October in recent years 

(Figure 5A and 5B). This trend was also observed with minimum temperature, 

particularly due to a positive effect from January to March (r=0.64, p<0.05) and a 

negative effect from July to September (r=-0.43, p<0.05) (Figure 5C and 5D). 
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Tmax = Maximum temperature; Tmin = Minimum temperature; Pp = Precipitation; 

Vp = Water vapor pressure. *p<0.05. 

Figure 5. Moving correlations (1980-2012) between attacked (AA) and non-

attacked (ANA) trees. 

 

Although the stationary correlations (Table 1) did not show any significant association 

with precipitation, the analysis of moving correlations showed that since 1985, there 

is a positive and consistent correlation in June (r=0.39, p<0.05) (Figure 5F). 

Likewise, for September with water vapor pressure (r=-0 41, p<0.05) (Figure 5H). 

 

 

Influence of drought conditions and their effect on canopy 

photosynthetic activity (NDVI) 

 

 

Drought events affected the growth of P. cembroides, but unlike climatic variables 

that were only correlated with ANA, a positive association was found between PDSIJJA 

(June to August) and IAB in AA (r=0.53, p<0.05). Similarly, a positive correlation 

was verified between SPI and IAB in AA (r=0.38, p<0.05), although not for ANA 

(Figure 6A). These values confirm that drier conditions are linked to reductions in 

growth in the AA of P. cembroides, which constitute favorable conditions for the 

attack of I. confusus due to its greater sensitivity to drought. This behavior has been 

corroborated by Cervantes-Martínez et al. (2019), who mention that the year with 

the highest tree mortality due to bark beet attack is related to drought conditions 

that occurred in up to five previous years, although in this study, it was found that 

the effect of drought can last up to a decade. Therefore, it is important to detect 
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years with below-average rainfall, since there is a significant association between 

bark beetle outbreaks and drought conditions, particularly detected by the PDSI and 

circulatory phenomena such as ENSO (Cervantes-Martínez et al., 2019). 

 

 

A = Influence of the Palmer Drought Severity Index (PDSIJJA) on the Increase in 

Basimetric Area (IAB); B = Scatter plot between Increase in Basimetric Area (IAB) 

and maximum NDVI per year. Red represents attacked trees and blue represents 

non-attacked trees. 

Figure 6. Effect of drought and photosynthetic activity on the radial growth of Pinus 

cembroides Zucc. 

 

In the case of the correlation with NDVI, ANA showed a greater association with 

annual maximum NDVI (r=0.51, p<0.05) and annual average NDVI (r=0.39, 

p<0.05), compared to AA. This shows a synchrony between growth and maximum 

summer photosynthetic activity, but only in those trees that were not stressed by the 

I. confusus attack (Figure 6B). These results identified a change in the spectral signal 

associated with insect damage, suggesting that due to the stress to which AAs are 

subjected there is a low correlation with the NDVI. In general, it is recognized that 



Castruita Esparza et al., The impact the Ips confusus Wood & Bright... 
 

 

 
21 

dense and healthy vegetation should present values above 0.5. In this study, the 

interval 0.5-0.65 was determined as the maximum NDVI values associated with 

healthy vegetation, hence the correlation with the attacked trees is low (r=0.07), 

unlike the non-attacked trees that were mostly correlated (r=0.51) in this range. 

Hamilton et al. (2004) have suggested this relationship as a strategy to monitor the 

impact of I. confusus on large surfaces in the Southern United States. In this way, 

the stress produced by disturbances such as drought, fires or pest attacks affects 

the biophysical and biochemical properties of the tree, which is reflected in a change 

in the spectral trait (Lausch et al., 2016). The NDVI allows us to identify these 

spectral changes manifested as the defoliation of trees, the change in chlorophyll 

fluorescence and the decrease in water content in the needles due to water stress 

caused by bark beetle damage (Gomez et al., 2020). 

 

 

Conclusions 

 

 

The use of dendrochronology in the study of the impact of the bark beetle I. 

confusus demonstrated that extreme drought events, such as the one that occurred 

in 1998, are a highly significant trigger in the mortality of stone pine (P. 

cembroides) individuals in a locality from the Carichí municipality, Chihuahua, 

Mexico. Unaffected trees responded negatively to the maximum temperature, and 

positively to the minimum temperature, which is probably related to a lower water 

demand. However, affected trees showed greater sensitivity to drought indices, 

which implies a negative effect on growth and, therefore, greater vulnerability to 

pest attack. Extreme drought events prolonged their effect for up to 10 years, which 

reduced the capacity of trees to recover from external disturbances, which was 
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observed in the differential behavior between growth series between attacked and 

non-attacked trees. The effect of these droughts can be capitalized to take 

preventive measures against events of this magnitude in order to minimize their 

effect, which may be more frequent due to global warming. 

 

Acknowledgements 

 

The study was sponsored by the Fondo Sectorial de Investigación para la Educación 

(FOINS) (Research Sectorial Fund for Education), project number CB-2016-

01/2831334, “Red dendrocronológica mexicana: aplicaciones hidroclimáticas y 

ecológicas” (“Mexican dendrochronological network: hydroclimatic and ecological 

applications”). The authors are greatful to Pasigochi ejido, Chihuahua, México, for 

having allowed the accomplishment of sampling. 

 

Conflict of interest 

 

The authors declare no conflict of interest. Arian Correa Díaz, as Section Editor of 

the Revista Mexicana de Ciencias Forestales states that he did not participate in the 

editorial process of the article. 
 

 

Contribution by author 

 



Castruita Esparza et al., The impact the Ips confusus Wood & Bright... 
 

 

 
23 

Luis Ubaldo Castruita Esparza and José Villanueva Díaz: field logistics and laboratory 

analysis; Arian Correa Díaz: programming; Arian Correa Díaz, Rosalinda Cervantes 

Martínez and Alma Delia Ortiz Reyes: data analysis and writing of the manuscript. 

 

 

References 
Allen, C. D., A. K. Macalady, H. Chenchouni, D. Bachelet, … and N. Cobb. 2010. A 

global overview of drought and heat-induced tree mortality reveals emerging 

climate change risks for forests. Forest Ecology and Management 259(4):660-684. 

Doi: 10.1016/j.foreco.2009.09.001. 

Biondi, F. and F. Qeadan. 2008. A theory-driven approach to tree-ring 

standardization: Defining the biological trend from expected basal area increment. 

Tree-Ring Research 64(2):81-96. Doi: 10.3959/2008-6.1. 

Breshears, D. D., N. S. Cobb, P. M. Rich, K. P. Price, … and C. W. Meyer. 2005. 

Regional vegetation die-off in response to global-change-type drought. Proceedings 

of the National Academy of Sciences of the United States of America 

102(42):15144-15148. Doi: 10.1073/pnas.0505734102. 

Bunn, A. G. 2008. A dendrochronology program library in R (dplR). 

Dendrochronologia 26(2):115-124. Doi: 10.1016/j.dendro.2008.01.002. 

Cervantes-Martínez, R., J. Cerano-Paredes, G. Sánchez-Martínez, J. Villanueva-Díaz, 

… and L. U. Castruita-Esparza. 2019. Historical bark beetle outbreaks in Mexico, 

Guatemala and Honduras (1985-2015) and their relationship with droughts. Revista 

Chapingo Serie Ciencias Forestales y del Ambiente 25(2):269-290. Doi: 

10.5154/r.rchscfa.2019.01.006. 

Cibrián T., D., J. T. Méndez M., R. Campos B., H. O. Yates III y J. Flores L. 

1995. Insectos Forestales de México. Universidad Autónoma Chapingo. Texcoco, 

Edo. Méx., México. 453 p. 

https://doi.org/10.1016/j.foreco.2009.09.001
https://doi.org/10.3959/2008-6.1
https://doi.org/10.1073/pnas.0505734102
https://doi.org/10.1016/j.dendro.2008.01.002
https://doi.org/10.5154/r.rchscfa.2019.01.006


Revista Mexicana de Ciencias Forestales Vol. 15 (82) 
Marzo - Abril (2024) 

 
 

24 

Cibrián T., D., S. A. Quiñonez F., S. Quiñonez B., J. A. Olivo M., … y J. L. Aguilar V. 

2015. Manual para la identificación, manejo y monitoreo de insectos descortezadores 

del pino. Comisión Nacional Forestal (Conafor). Zapopan, Jal., México. 62 p. 

Comité Técnico Estatal de Sanidad Forestal del Estado de Chihuahua. 2022. 

Programa Operativo de Sanidad Forestal 2022 del Estado de Chihuahua. Secretaría 

de Medio Ambiente y Recursos Naturales (Semarnat) y Comisión Nacional Forestal 

(Conafor). Chihuahua, Chih., México. 36 p. 

http://sivicoff.cnf.gob.mx/ContenidoPublico/02%20Informes%20de%20acciones%2

0operativas/DiagnosticosEstatales/2022/Chihuahua.pdf. (3 de julio de 2023). 

Cook, E. R. 1987. The decomposition of tree-ring series for environmental studies. 

Tree-Ring Bulletin 47:37-59. https://repository.arizona.edu/handle/10150/261788. 

(4 de julio de 2023). 

Cook, E. R., R. Seager, R. R. Heim, R. S. Vose, C. Herweijer and C. Woodhouse. 

2010. Megadroughts in North America: placing IPCC projections of hydroclimatic 

change in a long-term paleoclimate context. Journal of Quaternary Science 

25(1):48-61. Doi: 10.1002/jqs.1303. 

Correa-Díaz, A., J. Villanueva-Díaz, A. Gómez-Guerrero, H. Martínez-Bautista, … and 

L. C. R. Silva. 2023. A comprehensive resilience assessment of Mexican tree species 

and their relationship with drought events over the last century. Global Change 

Biology 29(13):3652-3666. Doi: 10.1111/gcb.16705. 

Floyd, M. L., M. Clifford, N. S. Cobb, D. Hanna, … and D. Turner. 2009. 

Relationship of stand characteristics to drought-induced mortality in three 

Southwestern piñon–juniper woodlands. Ecological Applications 19(5):1223-1230. 

Doi: 10.1890/08-1265.1. 

Fritts, H. C. 1976. Tree Rings and Climate. Academic Press. New York, NY, United 

States of America. 567 p. 

Gillette R., N., D. R. Owen and J. H. Stein. 2001. Interruption of semiochemical-

mediated attraction of Dendroctonus valens (Coleoptera: Scolytidae) and selected 

http://sivicoff.cnf.gob.mx/ContenidoPublico/02%20Informes%20de%20acciones%20operativas/DiagnosticosEstatales/2022/Chihuahua.pdf
http://sivicoff.cnf.gob.mx/ContenidoPublico/02%20Informes%20de%20acciones%20operativas/DiagnosticosEstatales/2022/Chihuahua.pdf
https://repository.arizona.edu/handle/10150/261788
https://doi.org/10.1002/jqs.1303
https://doi.org/10.1111/gcb.16705
https://doi.org/10.1890/08-1265.1


Castruita Esparza et al., The impact the Ips confusus Wood & Bright... 
 

 

 
25 

nontarget insects by verbenone. Environmental Entomology 30(5):837-841. Doi: 

10.1603/0046-225X-30.5.837. 

Girardin, M. P., J. Tardif and Y. Bergeron. 2001. Radial growth analysis of Larix 

laricina from the Lake Duparquet area, Quebec, in relation to climate and larch 

sawfly outbreaks. Ecoscience 8(1):127-138. 

https://www.jstor.org/stable/42901296. (13 de julio de 2023). 

Gomez, D. F., H. M. W. Ritger, C. Pearce, J. Eickwort and J. Hulcr. 2020. Ability of 

Remote Sensing Systems to detect bark beetle spots in the Southeastern US. 

Forests 11(11):1167. Doi: 10.3390/f11111167. 

Gómez-Guerrero, A., A. Correa-Díaz y L. U. Castruita-Esparza. 2021. Cambio 

climático y dinámica de los ecosistemas forestales. Revista Fitotecnia Mexicana 

44(4):673-682. Doi: 10.35196/rfm.2021.4.673. 

Guiterman, C. H., A. M. Lynch and J. N. Axelson. 2020. dfoliatR: An R package for 

detection and analysis of insect defoliation signals in tree rings. Dendrochronologia 

63:1-8. Doi: 10.1016/j.dendro.2020.125750. 

Hamilton, R., K. Megown, J. Ellenwood, T. Eager and T. Mellin. 2004. Mapping the 

extent and severity of Piñon mortality of the Colorado Plateau–Three Remote Sensing 

Techniques. United States Department of Agriculture, Forest Service and Remote 

Sensing Applications Center. Salt Lake City, UT, United States of America. 18 p. 

Hammond, W. M., D. M. Johnson and F. C. Meinzer. 2021. A thin line between life 

and death: Radial sap flux failure signals trajectory to tree mortality. Plant, Cell & 

Environment 44(5):1311-1314. Doi: 10.1111/pce.14033. 

Hernández L., R. A. 2010. Dinámica poblacional de especies de Ips (Curculionidae: 

Scolytinae) y sus depredadores empleando trampas cebadas con feromonas en La 

Calera, Cd. Guzmán; Las Coloradas y Corralitos en Tecalitlán, Jalisco. Tesis 

Doctoral. Postgrado de Fitosanidad Entomología y Acarología, Colegio de 

Postgraduados Campus Montecillo. Texcoco, Edo. Méx., México. 73 p. 

https://doi.org/10.1603/0046-225X-30.5.837
https://www.jstor.org/stable/42901296
https://doi.org/10.3390/f11111167
https://doi.org/10.35196/rfm.2021.4.673
https://doi.org/10.1016/j.dendro.2020.125750
https://doi.org/10.1111/pce.14033


Revista Mexicana de Ciencias Forestales Vol. 15 (82) 
Marzo - Abril (2024) 

 
 

26 

Holmes, R. L. 1983. Computer-assisted quality control in tree-ring dating and 

measurement. Tree-Ring Bulletin 43:69-78. 

https://www.ltrr.arizona.edu/~ellisqm/outgoing/dendroecology2014/readings/Holm

es_1983.pdf. (2 de agosto de 2023). 

Huntington, J. L., K. C. Hegewisch, B. Daudert, C. G. Morton, … and T. Erickson. 2017. 

Climate Engine: Cloud computing of climate and remote sensing data for advanced 

natural resource monitoring and process understanding. Bulleting of the American 

Meteorological Society 98(11):2397-2410. Doi: 10.1175/BAMS-D-15-00324.1. 

Kurz, W. A., C. C. Dymond, G. Stinson, G. J. Rampley, … and L. Safranyik. 2008. 

Mountain pine beetle and forest carbon feedback to climate change. Nature 

452(7190):987-990. Doi: 10.1038/nature06777. 

Lausch, A., S. Erasmi, D. J. King, P. Magdon and M. Heurich. 2016. 

Understanding forest health with Remote Sensing -Part I—A review of spectral 

traits, processes and Remote-Sensing characteristics. Remote Sensing 

8(12):1029. Doi: 10.3390/rs8121029. 

López S., J. Á., J. Méndez G., A. Zermeño G., J. Cerano P. y M. A. García A. 2017. 

Impacto de descortezadores en el incremento radial de Pinus teocote Schiede. ex 

Schltdl. & Cham. y Pseudotsuga menziesii (Mirb.) Franco. Revista Mexicana de 

Ciencias Forestales 8(41):82-108. Doi: 10.29298/rmcf.v8i41.27. 

Lovett, G. M., C. D. Canham, M. A. Arthur, K. C. Weathers and R. D. Fitzhugh. 

2006. Forest ecosystem responses to exotic pests and pathogens in eastern North 

America. BioScience 56(5):395-405. Doi: 10.1641/0006-

3568(2006)056[0395:FERTEP]2.0.CO;2. 

Lynch, A. M. 2012. What tree-ring reconstruction tells us about conifer defoliator 

outbreaks. In: Barbosa, P., D. K. Letourneau and A. A. Agrawal (Edits.). Insect 

outbreaks revisited. Wiley-Blackwell. West Sussex, WSX, United Kingdom. pp. 126-154. 

Müller, M., P. O. Olsson, L. Eklundh, S. Jamali and J. Ardo. 2022. Features 

predisposing forest to bark beetle outbreaks and their dynamics during drought. 

Forest Ecology and Management 523:120480. Doi: 10.1016/j.foreco.2022.120480. 

https://www.ltrr.arizona.edu/%7Eellisqm/outgoing/dendroecology2014/readings/Holmes_1983.pdf
https://www.ltrr.arizona.edu/%7Eellisqm/outgoing/dendroecology2014/readings/Holmes_1983.pdf
https://doi.org/10.1175/BAMS-D-15-00324.1
https://doi.org/10.1038/nature06777
https://doi.org/10.3390/rs8121029
https://doi.org/10.29298/rmcf.v8i41.27
https://doi.org/10.1641/0006-3568(2006)056%5b0395:FERTEP%5d2.0.CO;2
https://doi.org/10.1641/0006-3568(2006)056%5b0395:FERTEP%5d2.0.CO;2
https://doi.org/10.1016/j.foreco.2022.120480


Castruita Esparza et al., The impact the Ips confusus Wood & Bright... 
 

 

 
27 

Ramsfield, T. D., B. J. Bentz, M. Faccoli, H. Jactel and E. G. Brockerhoff. 2016. 

Forest health in a changing world: effects of globalization and climate change on 

forest insect and pathogen impacts. Forestry: An International Journal of Forest 

Research 89(3):245-252. Doi: 10.1093/forestry/cpw018. 

Sánchez-Martínez, G., L. M. Torres-Espinosa, I. Vázquez-Collazo, E. González-

Gaona y R. Narváez-Flores. 2007. Monitoreo y manejo de insectos 

descortezadores de coníferas. INIFAP-Campo Experimental Pabellón. Pabellón de 

Arteaga, Ags., México. 107 p. 

Schowalter, T. D. 2012. Ecology and management of bark beetles (Coleoptera: 

Curculionidae: Scolytinae) in southern pine forests. Journal of Integrated Pest 

Management 3(2):1-7. Doi: 10.1603/IPM11025. 

Secretaría de Medio Ambiente y Recursos Naturales (Semarnat). 2015. 

Diagnóstico fitosanitario forestal del estado de Michoacán. Semarnat, Comisión 

Nacional Forestal (Conafor) y Comisión Forestal del Estado de Michoacán 

(Cofom). Morelia, Mich., México. 18 p. https://cofom.michoacan.gob.mx/wp-

content/uploads/2016/05/DIAGN%C3%93STICO-FITOSANITARIO-DEL-ESTADO-

DE-MICHOAC%C3%81N-FINAL-1.pdf. (9 de agosto de 2023). 

Stahle, D. W., E. R. Cook, D. J. Burnette, J. Villanueva, … and I. M. Howard. 2016. 

The Mexican drought atlas: tree-ring reconstructions of the soil moisture balance 

during the late pre-Hispanic, colonial, and modern eras. Quaternary Science Review 

149:34-60. Doi: 10.1016/j.quascirev.2016.06.018. 

Stahle, D. W., E. R. Cook, D. J. Burnette, M. C. A. Torbenson, … and C. J. Crawford. 

2020. Dynamics, variability, and change in seasonal precipitation reconstructions for 

North America. Journal of Climate 33(8):3173-3195. Doi: 10.1175/JCLI-D-19-0270.1. 

Swetnam, T. W., M. A. Thompson and E. K. Sutherland. 1985. Spruce Budworms 

Handbook. Using dendrochronology to measure radial growth of defoliated trees. 

United States Department of Agriculture, Forest Service and Cooperative State 

Research Service. Washington, D. C., United States of America. 39 p. 

https://doi.org/10.1093/forestry/cpw018
https://doi.org/10.1603/IPM11025
https://cofom.michoacan.gob.mx/wp-content/uploads/2016/05/DIAGN%C3%93STICO-FITOSANITARIO-DEL-ESTADO-DE-MICHOAC%C3%81N-FINAL-1.pdf
https://cofom.michoacan.gob.mx/wp-content/uploads/2016/05/DIAGN%C3%93STICO-FITOSANITARIO-DEL-ESTADO-DE-MICHOAC%C3%81N-FINAL-1.pdf
https://cofom.michoacan.gob.mx/wp-content/uploads/2016/05/DIAGN%C3%93STICO-FITOSANITARIO-DEL-ESTADO-DE-MICHOAC%C3%81N-FINAL-1.pdf
https://doi.org/10.1016/j.quascirev.2016.06.018
https://doi.org/10.1175/JCLI-D-19-0270.1


Revista Mexicana de Ciencias Forestales Vol. 15 (82) 
Marzo - Abril (2024) 

 
 

28 

Thornton, P. E., R. Shrestha, M. Thornton, S. C. Kao, Y. Wei and B. E. Wilson. 2021. 

Gridded daily weather data for North America with comprehensive uncertainty 

quantification. Scientific Data 8(1):190. Doi: 10.1038/s41597-021-00973-0. 

Williams, A. P., C. D. Allen, C. I. Millar, T. W. Swetnam, … and S. W. Leavitt. 2010. 

Forest responses to increasing aridity and warmth in the southwestern United 

States. Proceedings of the National Academy of Sciences 107(50):21289-21294. 

Doi: 10.1073/pnas.0914211107. 

Zang, C. and F. Biondi. 2015. treeclim: an R package for the numerical calibration of 

proxy-climate relationships. Ecography 38(4):431-436. Doi: 10.1111/ecog.01335. 

 

 
  

Todos los textos publicados por la Revista Mexicana de Ciencias Forestales –sin excepción– 

se distribuyen amparados bajo la licencia Creative Commons 4.0 Atribución-No Comercial (CC BY-NC 

4.0 Internacional), que permite a terceros utilizar lo publicado siempre que mencionen la autoría del 

trabajo y a la primera publicación en esta revista. 

https://doi.org/10.1038/s41597-021-00973-0
https://doi.org/10.1073/pnas.0914211107
https://doi.org/10.1111/ecog.01335
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

