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Abstract

Introduction: In the United States of America, forest pests are associated with climate variability. Such
studies are scarce in Mexico.

Objectives: To create a data base of historical outbreaks of bark beetles and analyze their relationship
with drought.

Materials and methods: Historical records of outbreaks of bark beetles were obtained from official
documents in Mexico, Guatemala, and Honduras. Dendroclimatic indices were used as a climate proxy. The
relationship between pest outbreaks and climate was analyzed with the Superpose Epoch Analysis (SEA).
Results and discussion: A database of 120 years (1895-2015) of bark beetle outbreaks was created.
The most frequent species were Dendroctonus mexicanus Hopkins, Dendroctonus frontalis Zimmermann and
Dendroctonus adjunctus Blandford. A total of 106 records of outbreaks in 15 states of Mexico were recorded
during the period 1903-2015; 16 outbreaks in Guatemala during the period 1895-2013, and 15 outbreaks
in Honduras during the period 1962-2015. Historically, outbreaks were recorded in years with below-
average precipitation (550 mm) and have increased since 1970. The SEA determined that bark beetle
outbreaks in Mexico, Guatemala and Honduras were recorded during dry years (P < 0.05) with non-
significant positive values (P > 0.05) of NINO 3 and PDSI (Palmer Drought Severity Index) and significant
negative indices (P < 0.01) of NINO 3 and PDSI in the year prior to the outbreak, conditions involving
intense drought.

Conclusion: A significant relationship was determined between bark beetle outbreaks and drought
conditions for the last 120 years.

Resumen

Introduccién: En Estados Unidos de América, las plagas forestales se asocian a la variabilidad climdtica.
Este tipo de estudios son escasos en México.

Objetivos: Generar una base de datos de brotes histéricos de descortezadores y analizar su relacién con
la sequia.

Materiales y métodos: Se obtuvieron registros histéricos de brotes de descortezadores de documentos
oficiales en México, Guatemala, y Honduras. Como proxy del clima se emplearon indices dendroclimdticos.
La relacién entre los brotes de plagas y el clima se analiz6 con el programa Superpose Epoch Analysis (SEA).
Resultados y discusion: Se generé una base de datos de brotes de descortezadores de 120 afios
(1895-2015), siendo las especies mds frecuentes Dendroctonus mexicanus Hopkins, Dendroctonus frontalis
Zimmermann y Dendroctonus adjunctus Blandford. Se documentaron 106 registros de brotes en 15 estados
de la México en el periodo 1903-2015; 16 brotes en Guatemala durante el periodo 1895-2013, y 15 brotes
en Honduras en el periodo 1962-2015. Histéricamente, los brotes se registraron en afios con precipitacién
por debajo de la media (550 mm) e incrementaron a partir de 1970. El SEA determiné que los brotes
en México, Guatemala y Honduras se registraron durante afios secos (P < 0.05) con valores positivos no
significativos (P > 0.05) de NINO 3 y PDSI (Palmer Drought Severity Index) e indices negativos significativos
(P < 0.01) de NINO 3 y PDSI en el afio previo al brote, condiciones que implican intensa sequia.
Conclusiéon: Para los udltimos 120 afios se determind una relacién significativa entre brotes de
descortezadores y condiciones de sequia.
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Introduction

The temperate forests of the Mexican Republic form a
very important forest resource both for the extraction of
wood and for the production of environmental services.
These ecosystems host great biological diversity of flora
and fauna, regulate the hydrological cycle, conserve
the soil, and participate in carbon sequestration and
storage, which contributes to regulating the climate
and mitigating global warming (Segura-Warnholtz,
2014). However, these communities are affected by
accelerated deforestation, habitat fragmentation and
reduced forest density; moreover, many wooded areas
are being displaced by bushes or are intended for other
land use, either agricultural or livestock (Mdrquez-
Linares, Jurado-Ybarra, & Gonzdlez-Elizondo, 2006).

In recent years, productive activity has intensified
globally, which has contributed to the acceleration of
climate change; an increase in temperature; changes
in the intensity, spatial and temporal distribution
of precipitation; and an increase in more extreme
hydrometeorological phenomena (Secretaria de
Medio Ambiente y Recursos Naturales [SEMARNAT],
2015). Temperate forest areas are considered the most
sensitive to these changes (Villers-Ruiz & Trejo-Vdzquez,
2004) and, according to vegetation change projections
based on climate models (Gonzdlez-Elizondo, Gonzdlez-
Elizondo, Tena-Flores, Ruacho-Gonzdlez, & Lopez-
Enriquez, 2012; Villers-Ruiz & Trejo-Vazquez, 2004),
this is the type of vegetation that will lose more surface.

In recent decades, the observation of droughts in the
national territory has gained relevance as a result of
the discovery of the strong influence of the climate
phenomenon El Nifio Southern Oscillation (ENSO),
which causes changes in the known climate cycles
(Bitrdn, 2001). Decreasing precipitation and increasing
temperature are factors that weaken forests, making
them susceptible to pests and diseases. On the other
hand, pest outbreaks are also associated with tree
stress due to factors such as competition, disease, insect
defoliation, age and fire (Fetting et al., 2007). In Mexico,
forest pests are considered one of the main causes of
disturbance in temperate forests; currently there are
records of about 70 species of insects and pathogens
affecting trees (SEMARNAT, 2015). Climate change
is modifying the biological cycle and distribution of
forest pests in boreal coniferous forests and temperate
regions, increasing the vulnerability of trees (Ayres &
Lombardero, 2000).

In the United States of America and Canada (Allen,
2007; Berg, Henry, Fastie, De Volder, & Matsuoka,
2006; Breshears et al., 2005) and in European countries
(Kozlov, 2008; Rouault et al., 2006), studies have been
conducted on the indirect relationship of the effects

Introducciéon

Los bosques templados de la republica mexicana
constituyen un recurso forestal muy importante tanto
por la extraccién de madera como por la produccién
de servicios ambientales. Estos ecosistemas albergan
gran diversidad bioldgica de flora y fauna, regulan
el ciclo hidrolégico, conservan el suelo y participan
en la captura y almacenamiento de carbono, lo cual
contribuye a regular el clima y mitigar el calentamiento
de la atmoésfera (Segura-Warnholtz, 2014). No
obstante, estas comunidades se ven afectadas por la
deforestacion acelerada, la fragmentacién del hdbitat
y la reduccién en la densidad de los bosques; ademds,
muchas dreas boscosas estdn siendo desplazadas por
matorrales o se destinan a otro uso de suelo, ya sea
agricola o pecuario (Mdrquez-Linares, Jurado-Ybarra,
& Gonzdlez-Elizondo, 2006).

En los ultimos afos, la actividad productiva se ha
intensificado de manera global, lo que ha contribuido
al aceleramiento del cambio climdtico; aumento de la
temperatura; cambios en la intensidad, distribucién
espacial y temporal de la precipitacién; asi como al
incremento de fenémenos hidrometeorolégicos mds
extremos (Secretaria de Medio Ambiente y Recursos
Naturales [SEMARNAT], 2015). Las zonas con bosque
templado se consideran las mds sensibles a estos cambios
(Villers-Ruiz & Trejo-Vdzquez, 2004) y, de acuerdo con
las proyecciones de cambio de vegetacién con base
en modelos climdticos (Gonzdlez-Elizondo, Gonzdlez-
Elizondo, Tena-Flores, Ruacho-Gonzdlez, & Lépez-
Enriquez, 2012; Villers-Ruiz & Trejo-Vazquez, 2004), es el
tipo de vegetacién que mds superficie perderd.

En las tltimas décadas, la observacién de las sequias en
el territorio nacional ha cobrado relevancia a raiz del
descubrimiento de la fuerte influencia del fenémeno
climdtico El Nifio Southern Oscillation (ENSO), el cual
ocasiona cambios en los ciclos climdticos conocidos
(Bitrdn, 2001). La disminucién de la precipitacién
e incremento de la temperatura son factores que
debilitan los bosques haciéndolos susceptibles a
plagas y enfermedades. Por otra parte, los brotes
de plagas también se asocian al estrés al que estdn
sometidos los drboles por factores como competencia,
enfermedades, defoliacién por insectos, edad e
incendios (Fetting et al., 2007). En México, las plagas
forestales se consideran una de las principales causas
de disturbio en los bosques templados; actualmente se
tiene registro de alrededor de 70 especies de insectos
y patégenos que afectan el arbolado (SEMARNAT,
2015). El cambio climdtico estd modificando el ciclo
biolégico y la distribucién de las plagas forestales
en los bosques de coniferas boreales y de regiones
templadas, aumentando la vulnerabilidad de los
drboles (Ayres & Lombardero, 2000).
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of climate on the increase of bark beetle populations.
Such studies are scarce in Mexico, a situation attributed
to the lack of extensive climate information and the
absence of historical records of pest outbreaks. Under
such circumstances, this study proposes to generate
a database of historical outbreaks of bark beetles in
Mexico; analyze their historical relationship with
droughts; and determine the influence of ENSO and
the condition of the Palmer Drought Severity Index
(PDSI) on the modulation of climate condition, for the
historical incidence of pest outbreaks.

Materials and methods
Historical outbreaks of bark beetles

A literature review was conducted to gather
information on historical records of outbreaks of bark
beetles in northern, central, and southern Mexico,
and in Guatemala and Honduras (Figure 1). The
information was obtained from scientific and technical
articles, scientific and technical brochures, scientific
and technical notes, seminars and technical reports.
Information from unofficial sources was discarded.
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En Estados Unidos de América y Canadd (Allen, 2007;
Berg, Henry, Fastie, De Volder, & Matsuoka, 2006;
Breshears et al., 2005) y en paises de Europa (Kozlov,
2008; Rouault et al.,, 2006) se han realizado estudios
sobre la relacién indirecta de los efectos del clima en
el incremento de las poblaciones de descortezadores.
Este tipo de estudios son escasos en México, situaciéon
atribuible a la falta de informacién climdtica extensa
y a la ausencia de registros histéricos de brotes de
plagas. Ante tales circunstancias, esta investigacién
plantea generar una base de datos de brotes histéricos
de descortezadores en México; analizar su relacién
histérica con las sequias; y determinar la influencia
de ENSO y la condicién del Palmer Drought Severity Index
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Materiales y métodos
Brotes historicos de descortezadores
Se realiz6 una revisién bibliogrdfica que permitio
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Figure 1. Geographical distribution of bark beetle outbreaks recorded in the last 120 years (1895-2015).
Figura 1. Distribucion geografica de los brotes de descortezadores registrados en los tltimos 120 afios (1895-2015).
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A database was created including the following
variables: year and place of the outbreak, genus and
species of bark beetles, species of conifer affected,
and reference of the person who recorded the outbreak.
Historical documents reporting significant droughts in
Mexico were also consulted. The following variables
were used as climate proxy:

1. A reconstruction of the precipitation for the
southwest of the state of Chihuahua (winter-
summer) based on growth rings of Pinus arizonica
Engelm. including the period 1850-2015.

2. Dendroclimatic indices: for the north, a chronology
of P. arizonica which comprises the period 1647-
2015; for the center, a chronology of Pseudotsuga
menziesii (Mirb.) Franco which comprises the period
1720-2013; and for the south, a chronology of Pinus
patula Schiede ex Schltdl. & Cham. which comprises
the period 1786-2015.

3. The winter index (December-February) NINO 3 Sea
Surface Temperature (SST) (Cook, 2000).

4. Finally, the Palmer Drought Severity Index (PDSI)
for June, July and August (JJA) for all Mexico (Stahle
et al., 2016).

Data analysis

A first analysis consisted in relating, with a graphic,
the historical database of outbreaks of bark beetles
and the annual climate variability that characterizes
the north of Mexico. Because the observed records are
not extensive, winter-summer rainfall reconstruction
was used for the southwestern state of Chihuahua. This
analysis allowed us to see a first relationship between
the outbreaks of bark beetles and droughts.

In a second phase, the relationship between the dates of
the outbreaks of bark beetles per region (north, center
and south of the country, this last region includes the
data from Guatemala and Honduras) and the climate
variability that characterizes each of the regions was
analyzed statistically with the routine SEA (Superpose
Epoch Analysis) of program FHX2 version 3.2 (Grissino-
Mayer, 2001).

Each of the climate variables (dendroclimatic indices,
NINO 3 index and PDSI) was analyzed separately with
the bark beetle outbreaks, a procedure that consisted
in comparing the climate conditions during the year of
the outbreak, five years before and two years after the
outbreak. To assess the statistical significance of the
SEA analysis, confidence intervals (95, 99 and 99.9 %)
were estimated using the “bootstrapped” distribution
of climate data with 1000 replications.

Finally, drought maps (PDSI) were generated to analyze
the climate conditions prior to and during the outbreak,

centro y sur de México, y en Guatemala y Honduras
(Figura 1). La informacién se obtuvo de articulos
cientificos y técnicos, folletos cientificos y técnicos, notas
cientificas y técnicas, congresos y reportes técnicos. Se
descarté la informacion de fuentes no oficiales.

Se creé una base de datos que contemplé las siguientes
variables: afio y lugar del brote, género y especie
de descortezador, especie de conifera afectada y
referencia de quien registr6 el brote. Asimismo, se
consultaron documentos histéricos que reportan
sequias importantes en México. Como proxy del clima
se emplearon las siguientes variables:

1. Una reconstrucciéon de la precipitacién para el
suroeste del estado de Chihuahua (invierno-verano)
con base en anillos de crecimiento de Pinus arizonica
Engelm. que comprende el periodo 1850-2015.

2. Indices dendroclimdticos: para el norte, una
cronologia de P. arizonica que comprende el periodo
1647-2015; para el centro, una cronologia de
Pseudotsuga menziesii (Mirb.) Franco que comprende
el periodo 1720-2013; y para el sur, una cronologia
de Pinus patula Schiede ex Schltdl. & Cham. que
comprende el periodo 1786-2015.

3. El indice invernal (diciembre-febrero) NINO 3 Sea
Surface Temperature (SST) (Cook, 2000).

4. Finalmente, el Palmer Drought Severity Index (PDSI)
de los meses junio, julio y agosto (JJA) para todo
México (Stahle et al., 2016).

Analisis de datos

Un primer andlisis consisti6 en relacionar, de
manera grdfica, la base de datos histérica de brotes
de descortezadores y la variabilidad climdtica anual
que caracteriza al norte de México. Dado que los
registros observados no son extensos, se emple6 la
reconstruccién de precipitacién invierno-verano para
el suroeste del estado de Chihuahua. Este andlisis
permitié observar una primera relaciéon entre los
brotes de descortezadores y las sequias.

En una segunda fase, la relacién entre las fechas de
brotes de descortezadores por regién (norte, centro y
sur del pais, esta dltima regién contempla los datos
de Guatemala y Honduras) y la variabilidad climdtica
que caracteriza a cada una de las regiones se analiz6 de
manera estadistica con la rutina SEA (Superpose Epoch
Analysis) del programa FHX?2 versién 3.2 (Grissino-Mayer,
2001). Cada una de las variables climdticas (indices
dendroclimdticos, indice NINO 3 y PDSI) se analizaron
por separado con los brotes de descortezadores,
procedimiento que consisti6 en comparar las
condiciones climdticas existentes durante el afio del
brote, cinco afios previos y dos afios posteriores al
mismo. Para evaluar la significancia estadistica del
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using The Mexican Drought Atlas (MXDA) (Stahle
et al., 2016).

Results and discussion
Historical records of bark beetle outbreaks

It was possible to compile a database of 106 records of
bark beetle outbreaks in 15 states of Mexico, distributed
in the north, center and south of the country during
the period 1903-2015 (Figure 1; Appendix 1), where
Dendroctonus mexicanus Hopkins, Dendroctonus frontalis
Zimmermann and Dendroctonus adjunctus Blandford
were the most frequent species. Guatemala recorded
16 events during the period 1895-2013, D. frontalis
and D. adjunctus were the most important species; and
Honduras recorded 15 outbreaks of D. frontalis during
the period 1962-2015 (Figure 1; Appendix 1).

The history of bark beetles outbreak in Mexico is 113
years (1903-2015) (Figure 2b). The lack of information
on bark beetle infestations prior to 1900 and scarce
records prior to the 1970s are attributed to the fact
that, for these periods, the true magnitude, location,
and characterization of the pest were not yet defined.

Relationship between pest outbreaks and droughts

Figure 2 shows with a graphic the relationship between
bark beetle outbreaks and droughts in the study area.
Outbreaks have been historically recorded in years
with below-average precipitation (550 mm) (Figure 2a).
During the last 40 years (1972-2012), the number of
bark beetle outbreaks increased throughout Mexico,
which is associated with very severe droughts. In the
1990s, the number of outbreaks increased from 1996,
with 1999 being the year with the greatest impact. In
the first decade of the 21st century, the presence of
bark beetle outbreaks worsened in 2000, 2001, 2002,
2009, 2011 and 2012 (Figure 2b).

Each of the periods reported with the highest incidence
of outbreaks, from the 1970s to the first decade of the
21st century, synchronize with droughts documented
in dendroclimatic reconstructions in northern and
central Mexico (Cerano-Paredes et al., 2009; Cleaveland,
Stahle, Therrell, Villanueva, & Burns, 2003; Therrell, Stahle,
Cleaveland, & Villanueva-Diaz, 2002; Villanueva, Fulé,
Cerano, Estrada, & Sdnchez, 2009).

One of the periods with intense drought throughout
the country is that of the mid-twentieth century
(Cerano-Paredes, Villanueva-Diaz, Valdez-Cepeda,
Méndez-Gonzdlez, & Constante-Garcia, 2011; Stahle et
al,, 2009), as an extreme drought occurred in the 1950s
that impacted Mexico and much of the southwestern
United States of America (Florescano, 1980); however,

andlisis SEA, los intervalos de confianza (95, 99y 99.9 %)
se calcularon utilizando la distribucién “bootstrapped”
de los datos climdticos con 1000 repeticiones.

Finalmente, se generaron mapas de sequia (PDSI) con
el fin de analizar las condiciones climdticas previas
y durante el brote, para esto se empleé The Mexican
Drought Atlas (MXDA) (Stahle et al., 2016).

Resultados y discusion
Registros histdricos de brotes de descortezadores

Se logr6 copilar una base de datos de 106 registros
de brotes de descortezadores en 15 estados de
la republica, distribuidos en el norte, centro y
sur del pais en el periodo 1903-2015 (Figura 1;
Apéndice 1), siendo las especies mds frecuentes
Dendroctonus mexicanus Hopkins, Dendroctonus frontalis
Zimmermann y Dendroctonus adjunctus Blandford. En
Guatemala se registraron 16 eventos durante el periodo
1895-2013, sobresaliendo D. frontalis y D. adjunctus; y en
Honduras, 15 brotes de D. frontalis en el periodo 1962-
2015 (Figura 1; Apéndice 1).

La historia de brotes de descortezadores en México
es de 113 afos (1903-2015) (Figura 2b). La falta de
informacién sobre infestaciones de descortezadores
antes de 1900 y los registros escasos antes de la década
de 1970, se atribuye a que, para estos periodos, aun
no se precisaba la verdadera magnitud, ubicacién y
caracterizacion de la plaga.

Relacién entre brotes de plagas y sequias

La Figura 2 muestra graficamente la relacién entre los
brotes de descortezadores y las sequias en el drea de
estudio. Los brotes se han registrado histéricamente
en aflos con precipitaciones por debajo de la media
(550 mm) (Figura 2a). Durante los tltimos 40 aifos
(1972-2012), el registro de brotes de descortezadores
incremento en todo México, lo cual se asocia a sequias
muy severas. En la década de 1990, el nimero de brotes
incremento6 a partir de 1996, siendo 1999 el afio con
mayor afectacién. En la primera década del siglo XXI,
la presencia de brotes de descortezadores se agudizé en
los afios 2000, 2001, 2002, 2009, 2011 y 2012 (Figura 2b).

Cada uno de los periodos reportados con mayor
incidencia de brotes, a partir de la década de 1970
y hasta la primera década del siglo XXI, sincronizan
con sequias documentadas en reconstrucciones
dendroclimdticas en el norte y centro de México
(Cerano-Paredes et al, 2009; Cleaveland, Stahle,
Therrell, Villanueva, & Burns, 2003; Therrell,
Stahle, Cleaveland, & Villanueva-Diaz, 2002;
Villanueva, Fulé, Cerano, Estrada, & Sdnchez, 2009).
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Figure 2. Record of bark beetle outbreaks in Mexico, Guatemala and Honduras. (a) Reconstructed winter-summer

precipitation for southwestern Chihuahua; the gray bottom line represents annual variability, the
black line is a flexible 10-year scale curve for analyzing dry and wet events, and the dotted horizontal
line indicates regional average precipitation. Historical outbreaks of bark beetles. Horizontal lines
represent states and black vertical bars indicate years of outbreaks; as the line becomes continuous it
indicates outbreaks on a larger geographic scale. Vertical red lines show the relationship between the
frequency of pest outbreaks and below-average precipitation (droughts).

Figura 2. Historia de brotes de descortezadores en México, Guatemala y Honduras. (a) Precipitacién reconstruida

invierno-verano para el suroeste de Chihuahua; la linea gris de fondo representa la variabilidad anual,
la de color negro es una curva flexible con escala de 10 afios para analizar eventos secos y humedos,
y la linea horizontal punteada indica la precipitacion promedio regional. (b) Brotes historicos
de descortezadores. Las lineas horizontales representan los estados y las barras verticales en color
negro indican los afios de brotes; a medida que la linea se torna continua indica brotes en una escala
geografica mayor. Las lineas verticales en color rojo permiten visualizar la relacién entre la frecuencia
de los brotes de plagas y la precipitaciéon por debajo del promedio (sequias).

no reports were found for this period that indicate pest
outbreaks in Mexico (Figure 2). This lack of information
is attributed to the fact that, in 1950, the importance of
forest pests was still not properly documented, either
due to lack of vigilance, lack of knowledge or simply
because large forest stands were not yet affected;

Uno de los periodos de intensa sequia en todo el pais es
el de mediados del siglo XX (Cerano-Paredes, Villanueva-
Diaz, Valdez-Cepeda, Méndez-Gonzdlez, & Constante-
Garcia, 2011; Stahle et al., 2009). La década de 1950 se
considera como sequia extrema que impacté a México
y gran parte del suroeste de Estados Unidos de América
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infestations by bark beetles began to attract attention
in the 1960s (Islas-Salas, 1980).

During the 1970s, reports of forests affected by bark
beetles increased, a situation that prompted addressing
the problem and proceeding with the study and
control of the pest (Islas-Salas, 1980). This is attributed
to the fact that, from 1970 to the beginning of the
1980s, intense droughts were documented for Mexico
in which the droughts recorded in 1971, 1972, 1974,
1975, 1976 and 1977 stand out. The droughts of 1974
and 1975 were recorded throughout the Americas,
while the drought of 1977 is classified as extremely
severe (Florescano, 1980). Historical reconstructions of
precipitation variability throughout the country have
reported these same periods with significant decreases
in precipitation (Cardoza-Martinez et al., 2014; Cerano-
Paredes et al., 2009, 2014; Cleaveland et al., 2003; Stahle
et al,, 2016; Villanueva et al., 2009).

For the last decade of the 20th century (1994 to 2000)
and the years 2001 to 2003, 2006, 2009, 2011 and 2012 of
the 21st century, both the observed records of weather
stations (Instituto Mexicano de Tecnologia del Agua
[IMTA], 2009) and the dendroclimatic reconstructions
for northern and central Mexico (Cardoza-Martinez et
al., 2014; Cerano-Paredes et al., 2009, 2014; Villanueva
et al.,, 2009) detected high-intensity droughts. This is
in accordance with the records of outbreaks of bark
beetles reported in recent decades in coniferous forests
of North and Central America; high temperatures
combined with drought, together with factors such as
logging and forest fires, have contributed to generating
a higher incidence of bark beetle outbreaks, whose
damage has increased, particularly since 2000 (Moore
& Allard, 2009).

Pest outbreaks-climate variability

The SEA between bark beetle outbreaks and climate
indices indicates that documented pest outbreaks in
the regions of Mexico, Guatemala, and Honduras have
historically been recorded during significantly dry
years (P < 0.05) and with index values below average
(dry) from five, four, and two years prior to the
outbreak to the north, center, and south of the country,
respectively (Figure 3).

Below-average climate conditions during previous
years cause trees to weaken, making them susceptible
to attack. The direct effects of warm temperatures on
the reproductive capacity of bark beetles generate the
ideal conditions for an outbreak (Bentz et al., 2010;
Brunelle, Rehfeldt, Bentz, & Munson, 2008). The results
obtained coincide with what has been reported by
several authors (Breshears et al., 2005; Islas-Salas, 1980;
Negrén, McMillin, Anhold, & Coulson, 2009; Raffa,

(Florescano, 1980); sin embargo, para este periodo no se
encontraron reportes que indiquen brotes de plagas en
México (Figura 2). Esta falta de informacion se atribuye
a que, en 1950, la importancia de las plagas forestales
adtn no era debidamente documentada, ya sea por falta
de vigilancia, de conocimiento o simplemente por no
existir todavia grandes masas forestales afectadas; las
infestaciones por descortezadores empezaron a llamar
la atencién hacia la década de 1960 (Islas-Salas, 1980).

Durante la década de 1970, los reportes de bosques
afectados por descortezadores incrementaron;
situacion que motivé a que se atendiera el problema
y se determinara proceder al estudio y combate de la
plaga (Islas-Salas, 1980). Lo anterior se atribuye a que,
de 1970 a inicio de la década de 1980, se documentaron
intensas sequias para México en las que sobresalen
las registradas en 1971, 1972, 1974, 1975, 1976 y
1977. Las sequias de 1974 y 1975 se registraron en
todo el continente americano, mientras que la de
1977 estd clasificada como sequia extremadamente
severa (Florescano, 1980). Las reconstrucciones
histéricas de la variabilidad de la precipitacién a lo
largo del pais han reportado estos mismos periodos
con disminuciones significativas en la precipitacién
(Cardoza-Martinez et al., 2014; Cerano-Paredes et al,,
2009, 2014; Cleaveland et al., 2003; Stahle et al., 2016;
Villanueva et al., 2009).

Para la dltima década del siglo XX (1994 al 2000) y los
anos 2001 a 2003, 2006, 2009, 2011 y 2012 del siglo XXI,
tanto los registros observados de estaciones climdticas
(Instituto Mexicano de Tecnologia del Agua [IMTA],
2009) como las reconstrucciones dendroclimdticas
para el norte y centro de México (Cardoza-Martinez et
al., 2014; Cerano-Paredes et al., 2009, 2014; Villanueva
et al.,, 2009), detectaron sequias de alta intensidad.
Lo anterior concuerda con los registros de brotes de
descortezadores reportados en las ultimas décadas en
los bosques de coniferas de Norte y Centro América; las
altas temperaturas combinadas con la sequia, aunado a
factores como la tala y los incendios forestales, han
contribuido a generar mayor incidencia de los brotes
de descortezadores, cuyos dafios han incrementado,
particularmente a partir del afio 2000 (Moore &
Allard, 2009).

Brotes de plagas-variabilidad climdtica

El SEA entre los brotes de descortezadores y los
indices climdticos indica que los brotes de plagas
documentados en las regiones de México, Guatemala
y Honduras, histéricamente, se registraron durante
anos significativamente secos (P < 0.05) y con valores
de indices por debajo de la media (secos) desde cinco,
cuatro y dos afios previos al brote, para el norte, centro,
y sur del pais, respectivamente (Figura 3).
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Aukema, Erbilgin, Klepzig, & Wallin, 2005; Williams et
al.,, 2013), who point out that drought events are an
important factor for an imbalance; in the particular case
of bark beetles, the population increases under these
conditions. Also Mattson and Haack (1987) mention
that droughts lead to bark beetle outbreaks by creating
a more favorable thermal environment; plants stressed
by drought are more attractive and physiologically
susceptible to these insects, by negatively influencing
resin production mechanisms in conifers, their main

Las condiciones climdticas por debajo de la media,
durante los afios previos, propician que los drboles se
debiliten haciéndolos susceptibles al ataque. Los efectos
directos de las temperaturas cdlidas en la capacidad
reproductiva de los descortezadores generan las
condiciones idéneas para la proliferaciéon de un brote
(Bentz et al., 2010; Brunelle, Rehfeldt, Bentz, & Munson,
2008).Losresultadosobtenidos coinciden conloreportado
por varios autores (Breshears et al.,, 2005; Islas-Salas,
1980; Negrén, McMillin, Anhold, & Coulson, 2009; Raffa,

Aukema, Erbilgin, Klepzig, & Wallin, 2005; Williams et
al,, 2013), quienes sefialan que los eventos de sequia son

means of defense. The probability of a successful attack
increases under drought conditions, also because it
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Figure 3. Relationship between historical pest outbreaks and regional climate variability (north, center and
south) in Mexico, through the SEA (Superpose Epoch Analysis) of the program FHX2. The southern
region also includes data from Guatemala and Honduras. The year of the outbreak is indicated by 0,
climate conditions five years before the outbreak (negative values) and two years after the outbreak
(positive values). The top and bottom three lines represent the 95 %, 99 % and 99.9 % confidence
intervals. The shaded bar indicates the climate index values (statistically significant drought) during
the years of bark beetle outbreaks in the study area.

Figura 3. Relacién entre los brotes histdricos de plagas y la variabilidad del clima regional (norte, centro y
sur) en México, mediante el SEA (Superpose Epoch Analysis) del programa FHX2. La region sur también
contempla los datos de Guatemala y Honduras. El afio del brote esta indicado por el 0, condiciones
climdticas cinco afios antes del brote (valores negativos) y dos afios después del brote (valores positivos).
Las tres lineas superiores e inferiores representan los intervalos de confianza al 95 %, 99 %y 99.9 %. La
barra sombreada sefiala los valores del indice climdatico (sequia estadisticamente significativa) durante
los aiios de brotes de descortezadores en el drea de estudio.
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favors the reduction of carbon assimilation and water
transport, affecting the capacity of the tree to produce
non-structural carbohydrates and mobilize secondary
metabolites for the production of defenses (Safranyik
& Carroll, 2006).

Pest outbreaks-ENSO-PDSI

Figure 4 shows the SEA between the bark beetle
outbreaks and the ENSO and PDSI climate indices.
Outbreaks in Mexico, Guatemala and Honduras
have historically been recorded in years with non-
significant positive indices (P > 0.05) of NINO 3 and
PDSI, after highly significant drought conditions
P < 0.01) in the previous year and with negative
indices of NINO 3 and PDSL

un factor importante para que exista un desequilibrio,
en el caso particular de los descortezadores, la poblacién
incrementa bajo estas condiciones. También Mattson y
Haack (1987) mencionan que las sequias propician los
brotes de descortezadores al crear un ambiente térmico
mads favorable; las plantas estresadas por sequia son mds
atractivas y fisiolégicamente susceptibles para estos
insectos, al influir negativamente en los mecanismos
de produccién de resina en las coniferas, su principal
medio de defensa. La probabilidad de un ataque exitoso
aumenta en condiciones de sequia, debido también a
que favorece la reduccién de la asimilacion de carbono
y el transporte de agua, afectando la capacidad del drbol
para producir hidratos de carbono no estructurales y
movilizar metabolitos secundarios para la produccién
de defensas (Safranyik & Carroll, 2006).

0.4
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NINO 3 SST index / indice NINO 3 SST

PDS! index (JJA) / indice PDSI (JJA)

Year / Afio (Year of outbreak = 0 / Afio del brote = 0)
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Figure 4. SEA (Superpose Epoch Analysis) between the historical outbreaks of bark beetles and el NINO 3 SST
(Sea Surface Temperature) and PDSI (Palmer Drought Severity Index) for the months of June, July and
August (JJA). The shaded bar shows the statistically significant drought conditions (negative indices)
one year prior (-1) to the bark beetle outbreaks. The dotted line indicates the year of the outbreak under
non-significant positive index conditions.

Figura 4. SEA (Superpose Epoch Analysis) entre los brotes histéricos de descortezadores e indices el NINO 3 SST
(Sea Surface Temperature) y PDSI (Palmer Drought Severity Index) de los meses junio, julio y agosto (JJA). La
barra sombreada muestra las condiciones de sequia (indices negativos) estadisticamente significativas
un afio previo (-1) a los brotes de descortezadores. La linea punteada indica el afio del brote ante
condiciones positivas no significativas de los indices.
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Mexico is highly vulnerable to extreme climate
events, especially in mid-latitudes and subtropical
areas (Martinez-Austria & Patiio-Gomez, 2012). The
climate phenomenon known as ENSO is one of
the most important circulatory atmospheric patterns
that affect the climate variability of the country and is
directly related to the occurrence of droughts (Magaiia,
Vasquez, Pérez, & Pérez, 2003). Since the 21st century,
bark beetle outbreaks have increased in frequency,
severity and extent (Raffa et al., 2008). The climate
variability in the last decades has been pointed out as
one of the causes of the recent increase in the outbreaks
of bark beetles in the United States and Canada (Hicke,
Logan, Powell, & Ojima, 2006; Thomson, 2009). In
Honduras, the degree of aggressiveness and intensity
of bark beetles in recent years has been influenced by
the presence of ENSO, which has produced prolonged
drought events (Comisionado Nacional de los Derechos
Humanos [CONADEH], 2016).

Outbreaks of many bark beetle species are occurring
simultaneously throughout western North America.
The variety of factors involved is diverse, with drought-
induced changes in host susceptibility (Breshears et
al, 2005), management practices (Keane, 2001), and
the direct effects of warm temperatures on beetle
reproductive capacity (Berg et al., 2006).

Unexpected changes in climate conditions have a direct
influence on bark beetle outbreaks (Brunelle et al.,
2008). Drought conditions for one or two consecutive
years lead to a state of physiological stress on trees,
making them more susceptible to bark beetle attack
and causing epidemic outbreaks on a wide geographic
scale (Figures 4 and 5). A documented example is
El Nifio of 1998 which represents one of the driest
years of the 1990s, in which a large number of fires
were recorded in the forests of Mexico. The report of
fires that occurred in 1998 exceeded the forecasts
of the institutions in charge of fire prevention and
firefighting in the national territory (Bitrdn, 2001).
Both variables, drought and fires caused stress in
plants, an attractive and physiologically condition for
bark beetles (Mattson & Haack, 1987). This disturbance
favored the development of a large number of bark
beetle outbreaks in 1999, from the north to the south
of Mexico (Sdnchez-Salas & Torres-Espinosa, 2007).
Like this event, in 1895 and 1972 a similar behavior
was determined; in other words, extreme drought
conditions modulated by ENSO (negative values of
PDSI), previous to the important outbreaks of bark
beetles (Figure 5).

In Mexico, it has been documented that the growth of
conifers is regulated and limited by water availability
(Cardoza-Martinez et al., 2014; Cerano-Paredes et al.,
2014; Chavez-Gdndara et al., 2017; Villanueva et al,,

Brotes de plagas-ENSO-PDSI

La Figura 4 muestra el SEA entre los brotes de
descortezadores y los indices climdticos de ENSO y
PDSI. Los brotes en México, Guatemala y Honduras
se han registrado histéricamente en afios con indices
positivos no significativos (P > 0.05) de NINO 3 y de
PDSI, después de condiciones de sequia altamente
significativa (P < 0.01) en el afio previo y con indices
negativos de NINO 3 y de PDSIL.

México es altamente vulnerable a los fenémenos
climdticos extremos, sobre todo en latitudes medias y
zonas subtropicales (Martinez-Austria & Patiio-Goémez,
2012). El fenémeno climdtico conocido como ENSO
es uno de los patrones atmosféricos circulatorios mds
importantes que afectan la variabilidad climdtica del
pais y se relaciona directamente con la ocurrencia de
sequias (Magafia, Vdsquez, Pérez, & Pérez, 2003). A
partir del siglo XXI, los brotes de descortezadores han
incrementado, aumentando en frecuencia, gravedad y
extension (Raffa et al., 2008). La variabilidad climadtica
en las dltimas décadas ha sido sefialada como una
de las causas del incremento reciente de los brotes de
descortezadores en Estados Unidos y Canadd (Hicke,
Logan, Powell, & Ojima, 2006; Thomson, 2009). En
Honduras, el grado de agresividad e intensidad de
los descortezadores en los dltimos afios se ha visto
influenciado porla presencia de ENSO, que ha producido
eventos prolongados de sequia (Comisionado Nacional
de los Derechos Humanos [CONADEH], 2016).

Los brotes de muchas especies de descortezadores
se estdn manifestando simultdneamente en todo el
oeste de América del Norte. La variedad de factores
implicados es diversa, sobresaliendo los cambios
inducidos por la sequia en la susceptibilidad del
huésped (Breshears et al, 2005), prdcticas de
manejo (Keane, 2001) y los efectos directos de las
temperaturas cdlidas sobre la capacidad reproductiva
de los escarabajos (Berg et al., 2006).

Los cambios abruptos en las condiciones de clima tienen
influencia directa en los brotes de descortezadores
(Brunelle et al., 2008). Las condiciones de sequia durante
uno o dos afos consecutivos propician un estado de
estrés fisiolégico de los drboles, haciéndolos mds
susceptibles al ataque de descortezadores y originando
brotes epidémicos en una escala geogrdfica amplia
(Figuras 4 y 5). Un ejemplo documentado es El Nifio de
1998 que representa uno de los afios mds secos de la
década de 1990, en el cual se registré un gran nimero
de incendios en los bosques de México. El reporte de
incendios ocurridos en 1998 sobrepasd la previsiéon de las
instituciones encargadas de la prevencioén y el combate
de incendios en el territorio nacional (Bitrdn, 2001).
Ambas variables, sequia e incendios propiciaron estrés
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Figure 5. Drought maps created with the Mexican Drought Atlas (Stahle et al., 2016) available at http://drought.
memphis.edu/MXDA/. The values on the -6 scale indicate the most severe drought condition and 6 the
most humid condition. PDSI: Palmer Drought Severity Index for June, July and August (JJA).

Figura 5. Mapas de sequias generados empleando el Mexican Drought Atlas (Stahle et al., 2016) disponible en http://
drought.memphis.edu/MXDA/. Los valores de la escala -6 indican la condicién mads severa de sequiay 6 la
condicién de mayor humedad. PDSI: Palmer Drought Severity Index de los meses junio, julio y agosto (JJA).

2009); therefore, when important decreases in rainfall
are recorded, trees weaken and are more susceptible
to bark beetle attack. Regarding these results and the
report of the Intergovernmental Panel on Climate
Change (IPPC, 2014) that projects greater drought
as a consequence of the decrease in precipitation
and increase in temperature, periods of drought and
greater risk for forests can be inferred in the face of an
increase in bark beetle outbreaks.

Conclusions

Climate is a factor that modulates the increase in bark
beetle populations. In the face of climatic scenarios
that project a condition of greater drought, it is
evident that pest outbreaks can be magnified. Because
of this, it is necessary to take appropriate precautions
in forests that are susceptible to demographic
pressure and those that have very dense conditions,
mainly when there are one to two consecutive years of

en las plantas, condicién atractiva y fisiolégicamente
adecuada para los descortezadores (Mattson & Haack,
1987). Este disturbio favoreci6 el desarrollo de un gran
numero de brotes de descortezadores en 1999, desde el
norte hasta el sur de México (Sdnchez-Salas & Torres-
Espinosa, 2007). Al igual que este evento, en los afios
1895 y 1972 se determiné un comportamiento similar;
es decir, condiciones extremas de sequia moduladas
por ENSO (valores negativos de PDSI), previas a los
brotes importantes de descortezadores (Figura 5).

En México se ha documentado que el crecimiento de las
coniferas estd regulado y limitado por la disponibilidad
hidrica (Cardoza-Martinez et al., 2014; Cerano-Paredes
et al., 2014; Chdvez-Gdndara et al., 2017; Villanueva et
al.,, 2009); por lo tanto, al registrarse disminuciones
importantes en las lluvias, los drboles se debilitan y son
mads susceptibles al ataque de insectos descortezadores.
Considerando estos resultados y el reporte del Panel
Intergubernamental de Cambio Climdtico (IPPC,
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droughts. Likewise, it is important to monitor forests
after fires, since there is a direct relationship with the
presence of pest outbreaks after a fire attributed to
the physiological stress to which trees are subjected.
Understanding ENSO’s influence on inter-annual
and multiannual climate variability and determining
drought indices can contribute to establishing
preventive measures to minimize the impact of bark
beetles on Mexican forests.
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