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Abstract

The distribution range of the western pine beetle Dendroctonus brevicomis LeConte (Coleoptera: Curculionidae) is
supported only by scattered records in the northern parts of Mexico, suggesting that its populations may be marginal
and rare in this region. In this study, we review the geographical distribution of D. brevicomis in northern Mexico
and perform a geometric morphometric analysis of seminal rod shape to evaluate its reliability for identifying this
species with respect to other members of the Dendroctonus frontalis Zimmermann (Coleoptera: Curculionidae)
complex. Our results provide 30 new records, with 26 distributed in the Sierra Madre Occidental and 4 in the Sierra
Madre Oriental. These records extend the known distribution range of D. brevicomis to Durango and Tamaulipas
states in northern Mexico. Furthermore, we find high geographic variation in size and shape of the seminal rod, with
conspicous differences among individuals from different geographical regions, namely west and east of the Great

Basin and between mountain systems in Mexico.
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The western pine beetle (WPB) Dendroctonus brevicomis LeConte
(Coleoptera: Curculionidae) is a bark beetle well known in Canada
and the United States. It is an aggressive species capable of killing
large numbers of pine trees during outbreaks (Miller and Keen 1960,
Bright 1976, Six and Bracewell 2015). The WPB occurs across the
west coast in southern British Columbia in Canada as far south as
southern California, and from Idaho and eastern Montana to central
Arizona and western Texas (Wood 1982). This range coincides with
those of its principal hosts, Pinus ponderosa Douglas ex C. Lawson
(Pinales: Pinaceae) and P. coulteri D. Don (Pinales: Pinaceae), which
form pine forests at elevations between 300 and 1800 m (Miller and
Keen 1960, Wood 1963, DeMars and Roettgering 1982, Strom et al.
2001, Six and Bracewell 2015).

The first record of this bark beetle species in Mexico was reported
by Swaine (1918) as Dendroctonus barberi Hopkins, a synonym of
D. brevicomis, in the northern region of the country. Since then, few
studies have recorded its presence in this region. For example, Wood
(1963, 1982) documented this species from Tres Rios in Chihuahua
state; Perusquia (1978) displayed the seminal rod of one specimen
from Arroyo de los Novillos, Mesa del Huracan in the same state;

Lanier et al. (1988) described the seminal rod of specimens collected
in Puerto del Tarillo, 10 km south of Galeana, Nuevo Leon; and
Sanchez-Martinez et al. (2007) collected specimens in funnel traps
in Sierra de Arteaga, Coahuila. Other studies have suggested that
D. brevicomis could also be present in Coahuila, Durango, and
Zacatecas states (Atkinson 2017, Cibrian-Tovar et al. 1995). However,
due to the lack of vouchers in entomological collections and reliable
data in the literature, subsequent studies on the distribution range of
the Dendroctonus species in Mexico considered only 10 valid records
for D. brevicomis in Chihuahua, Durango, and Nuevo Leon states
(Salinas-Moreno et al. 2004, 2010). All this information suggests that
the populations of this species may be marginal and rare in Mexico.
However, recent studies carried out in Dendroctonus fronta-
lis Zimmermann (Coleoptera: Curculionidae) complex species,
such as D. frontalis, Dendroctonus mesoamericanus Armenddriz-
Toledano and Sullivan (Curculionidae: Scolytinae), Dendroctonus
mexicanus Hopkins (Coleoptera: Scolytidae) and Dendroctonus
vitei Wood (Coleoptera: Curculionidae: Scolytinae) (Armendériz-
Toledano et al. 2014a,b), have demostrated that the taxonomic
identification of species from this complex in Mexico and Central
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America is difficult and problematic because the wide morpholog-
ical variation of their body attributes (Armenddriz-Toledano and
Zuiiiga 2017), the lack of diagnostic characters to differentiate
them (Armendariz-Toledano et al. 2014a), and the coexistence of
some of species in space and time in the same host (Zuiiiga et al.
1995, 1999; Moser et al. 2005). This has led some collections of
D. frontalis complex species to be incorrectly identified or unrec-
ognized, despite species can be identified with molecular mark-
ers (e.g., COI mtDNA) (Victor and Zafiiga 2016), chromosomes
number (Lanier et al. 1988, Armendériz-Toledano et al. 2014a,
2017), and in some cases with cuticular hydrocarbon (Sullivan
et al. 2012).

The morphology of the seminal rod, a sclerotized structure
within the internal sac of the aedeagus, has been used succesfully
to identify species belonging to the D. frontalis complex (Vité et al.
1974, 1975, Lanier et al. 1988, Armendariz-Toledano et al. 2014a;
Armendadriz-Toledano et al. 2015) and consequently used to recon-
sider their distribution (Armendariz-Toledano et al. 2014b, 2017).
In this study, we review the geographical distribution of D. brevi-
comis in the mountain systems of northern Mexico and perform a
geometric morphometrics analysis of seminal rods to evaluate their
reliability and consistency for identifying this species with regard to
members of the D. frontalis complex.

Materials and Methods

More than 1,500 specimens of the D. frontalis complex species
from 60 geographic locations in northern Mexico were reviewed;
D. brevicomis was present in 31 of these locations (Table 1). The
samples were collected directly from infested trees or donated by
federal institutions: Comision Nacional Forestal in Chihuahua,
Durango, and Jalisco; Instituto Nacional de Investigaciones
Forestales Agricolas y Pecuarias (INIFAP) campus in Aguascalientes;
Laboratorio de Andlisis de Referencia en Sanidad Forestal del
INIFAP; Coleccion Cientifica de Entomologia Forestal, Division
de Ciencias Forestales, Universidad Auténoma de Chapingo; and
Museo de Historia Natural de la Ciudad y Cultura Ambiental de
la Ciudad de Mexico.

D. frontalis complex species were identified following Armendariz-
Toledano and Zudiga (2017). Specimens were sexed by the presence
of frontal tubercles and stridulatory apparatus in males (Lyon 1958,
Wood 1982). Male genitalia were removed from specimens and
cleared according to Armendaériz-Toledano et al. (2014b). The sem-
inal rod was separated from the genitalia, and both structures were
semipermanently mounted on the same slide in glycerol and photo-
graphed in lateral view using a Nikon Coolpix 5000 (Nikon, Tokyo,
Japan) camera on a phase contrast microscope (400x).

Table 1. Species, acronyms, state, municipality, location, and geographical coordinates from examined specimens of D. brevicomis,

D. approximatus, and D. adjunctus

Sp Acronims State, municipality, and locality Longitude Latitude Altitude (m)
CGRA Chihuahua, Guachochi-Rincones del Aguajito 26°58712" 107°06°12" 2,441
CGEC Chihuahua, Guachochi-Ejido Corralitos 26°54°40" 106°58°39" 2,417
CGA Chihuahua, Guachochi-La Angostura 26°5656" 107°06°00" 2,440
CGRP Chihuahua, Guachochi-Rocheachi, pesachi 27°4'56" 107°123" 2,291
CGMA Chihuahua, Guachochi-Mesa del Aguaje 27°05"39" 107°15°18" 2,384
CGFL Chihuahua, Guachochi-Frac. A, Lote 1, La Lobera 26°5372" 107°06743" 2,475
CGTH Chihuahua, Guachochi-Ejido Tatahuichi Hueleyvo 27°15'34" 107°22'53" 2,303
CGTS Chihuahua, Guachochi-Tonachi, Sibarichi. 26°56°47" 107°15729" 2,202
CGAT Chihuahua, Guachochi-Ajolotes, Telesforo 26°52°45" 107°02729" 2,425
CGAP Chihuahua, Guachochi-Aboreachi, Potrero Eusebio 27°06°26" 107°20°15" 2,213
CGF4 Chihuahua, Guachochi-Frac. 4 Rancho Roque. 26°43'50" 107°10°33" 2,496
CGSA Chihuahua, Guachochi-Samachique 27°17°50" 107°32°51" 2,324
CGP Chihuahua, Guachochi-El pefiasco 26°5320" 107°05741" 2,440
CGVL Chihuahua, Guachochi-Valle de Lobos 26°55°47" 107°08723" 2,458
@ CGLS Chihuahua, Guachochi-Ejido La Soledad 26°56'55" 106°59°37" 2,330
§ CGRE Chihuahua, Guachochi-Rancho La Esperanza 26°52740" 107°11°33" 2,492
':Sj CGL2 Chihuahua, Guachochi-Lote 2 26°52720" 107°08°37" 2,455
8 CGAZ Chihuahua, Guachochi-Ejido Agua Zarca 26°49'15" 107°08°11" 2,465
a CGT Chihuahua, Guachochi-El Tascate 26°4714" 107°07°34" 2,507
CGT2 Chihuahua, Guachochi-Caborachi 26°49723" 106°55739" 2,480
CGPE Chihuahua, Guachochi-Patio Elio Acosta 26°51738" 107°5712" 2,418
CML Chihuahua, Madera-La Lobera 29°37°25" 108°34'59" 1,946
CMG Chihuahua, Madera-Guadalupe Victoria 29°13°4" 107°53720" 2,241
DSO Durango, San Dimas-Ejido Otinapa y San Carlos 24°02726" 105°04723" 2,485
DSC Durango, San Dimas-Chavarria 24°228" 105°32748" 2,540
DPE Durango, Durango-Parque Ecolégico Tecuan 23°56760" 105°3700" 2,456
DAM Durango, Durango-Ejido Altares-Mesa del Cristo 23°56760" 105°13743" 2,487
CAM Coahuila, Arteaga-Monterreal 24°14'8" 100°2675" 2,209
NLG Nuevo Ledn, Galeana-Carretera Linares-Galeana la €Y’ 24°46745" 100°2742" 1,607
NGP Nuevo Leén, Galeana-Puerto Pastores 24°46°42" 100°2"1" 1,584
NCP Nuevo Leén, Cerro-El Potosi’ 24°5272" 100°13752" 3,392
TGF Tamaulipas, Goméz Farias-Ejido Unidos Venceremos 22°5218" 99°2°44" 1,110
EAFM? Estado de México, Axapusco-Ejido Francisco I. Madero 19°41°53" 98°45719”" 2,870
JCGT? Jalisco, Ciudad Guzman-Sierra del Tigre 19°53732" 102°5811" 2,686

“D. approximatus.
*D. adjunctus.
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Fig. 1. Lateral view of the seminal rod of D. brevicomis and D. mesoamericanus. (A) Anatomy of the entire (D. brevicomis) and bifurcade (D. mesoamericanus)
seminal rod. (B) Seminal rod of D. brevicomis showing landmarks type Il (1, 3, 15-17) and Ill (2), and semilandmarks. ddc (distal dorsal curvature); dp (dorsal
process); dvc (distal-ventral curvature); pdc (proximal dorsal curvature); PSV (prolongation of seminal valve); pvc (proximal ventral curvature); SB (seminal rod

body); SV (seminal valve).

Geometric Morphometrics

In total, 70 images from seminal rods of D. brevicomis from 31
localities were analyzed (Table 1). In addition, for comparison
purposes, 10 seminal rods of specimens from British Columbia,
Canada and San Jacinto, California and Flagstaff, Arizona, United
States were included in the analysis. Images from seminal rods of
D. frontalis (n = 5), D. mesoamericanus (n = 4), D. mexicanus (n
=4), and D. vitei (n = 5) reported in Armendariz-Toledano et al.
(2014b) and images from D. adjunctus (n = 5) and D. approxima-
tus (n = 4) seminal rods freshly obtained from specimens collected
in Mexican localities (Table 1) were also included in the analysis.
All images were identically oriented with the seminal valve point-
ing upwards (Fig. 1A).

Because there is an insufficient number of suitable, well-defined
homologous points on the seminal rod, we used landmarks and
semilandmarks (Bookstein 1991, Zelditch et al. 2004) (Fig. 1B). To
guarantee a consistent location of semilandmarks on seminal rod
curvatures, a fan of 46 radiating lines was added to each seminal
rod image. The fan was digitalized in the MakeFané application in
the integrated morphometrics package (IMP) (Sheets 2003), and the
points where lines met with the margin of the seminal rod consti-
tuted semilandmarks. In total, 6 landmarks (type II [1, 3, 15-17]
and III [2]) and 11 semilandmarks (4-14) were defined and later
digitalized in an x, y coordinates matrix using the tpsDig program,
ver 1.40 (Rohlf 2004).

Given that semilandmarks were digitized as discrete points,
coordinate adjustment was done in Semiland 6 (Sheets 2003) to
minimize the tangential variation of points on seminal rod curva-
tures after generalized Procrustes analysis (GPA) (Zelditch et al.
2004). GPA was performed in the CoordGené program of IMP to
produce a set of partial Procrustes superimpositions of specimens
without effects of size, position or rotation.

To obtain new variables that quantify the highest percentage
of shape variation, relative warps analysis (RWA) was performed
in PAST 3.12 using the adjusted x, y coordinates matrix (Hammer
et al. 2001, Zelditch et al. 2004). RWA was performed using paired
variance—covariance matrices among species, and seminal rod shape
variation in a multidimensional space was plotted using the first two
relative warps (RW1 vs RW2).

Changes in seminal rod geometric configuration of the specimens
were visualized by thin-plate spline deformation grids in PAST 3.12,
and shape variation was visualized by mean of deformation grids.

Multivariate analysis of variance (MANOVA), with respective
post hoc pairwise Hotelling’s T-test, using the first five RWs (Zelditch
etal. 2004), was performed to evaluate shape differences among spe-
cies. The discriminatory power of seminal rod shape among species
was tested using canonical variate analysis (CVA) with coordinates
generated by Procrustes in PAST 3.12.

Results

Distribution Range

D. brevicomis was identified in the following localities in Mexico
(Fig. 2, Table 1): Chihuahua, Guachochi municipality: Ricones del
Aguajito, 26° 587127,107° 06’12 (New record); Ejido Corralitos, 26°
54407, 106° 58’39” (New record); La angostura, 26° 56’56”, 107°
06’0” (New record); Rocheachi-Pesachi, 27° 4’567, 107° 12’3” (New
record); Mesa del Aguaje, 27° 05397, 107° 15°18” (New record);
Fraccionamiento A, Lote 1, La lobera, 26° 5372”7, 107° 06’43” (New
record); Tatahuichi-Hueleyvo, 27° 15347,107° 22’53” (New record);
Tonachi-Sibarichi, 26° 567477, 107° 1529” (New record); Ajolotes-
Telesforo, 26° 52°45”7,107° 0229” (New record); Aboreachi-Potrero
Eusebio, 27° 0626”7, 107° 20°15” (New record); Fraccionamiento 4
Rancho Roque, 26° 437507, 107° 1033”(New record); Samachique,
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Fig. 2. Collection locations for D. brevicomis identified by morphometric analysis of the seminal rod, and the presence of homogeneous short pubescences on
elytral declivity. Locality acronyms are shown inTable 1. CH (Chihuahua); DG (Durango); NL (Nuevo Leon); COH (Coahuila); TM (Tamaulipas).

27°17°507,107° 32°51”"(New record); El Pefiasco, 26° 537207, 107°
05741”"(New record); Valle de Lobos, 26° 55’477, 107° 08’23’ (New
record); Ejido La Soledad, 26° 56’557, 106° 59°37”/(New record);
Rancho La Esperanza, 26° 527407, 107° 11’33”/(New record); Lote
2, 26° 527207, 107° 08’37”/(New record); Ejido Agua Zarca, 26°
49157, 107° 08'11”(New record); El Tascate, 26° 47°14”, 107°
0734”’(New record); Caborachi, 26° 4923”7, 106° 55'39”(New
record); Patio Elio Acosta, 26° 51738, 107° 5712” (New record).
Madera municipality: La Lobera, 29° 377257, 108° 34’59”/(New
record), Guadalupe Victoria, 29° 134”7, 107° 53'20”"(New record).
Durango, San Dimas municipality: Ejido Otinapa y San Carlos,
24° 02267, 105° 04°23”(New record), Chavarria, 24° 22°8”, 105°
04'23”(New record). Durango municipality: Parque Ecoldgico
Tectian,, 23° 5660”7, 105° 3°00” (New record), Ejido Altares-
Mesa del Cristo, 23° 56’607, 105° 13'43”’(New record). Coahuila,
Arteaga municipality: Monterreal, 24° 14’8”, 100° 26’5”. Nuevo
Leén, Galeana municipality: Carretera Linares-Galeana, la “Y”, 24°
46745”,100° 2742” (New record), Puerto Pastores, 24° 46742”, 100°
2’1”"(New record), “Cerro el Potosi”, 24° 522”,100° 13’52”’(New
record). Tamaulipas, Gémez Farias municipality: Ejido unidos
venceremos, 22° 52°18”,99° 244> (New state record).

Geometric Morphometrics
The first three RWs explained 98.3% of the observed total varia-
tion (RW1: 62.3%, RW2: 20.9%, RW3: 11.7%, RW4: 2.9%). The
deformation grids corresponding to RW1 explained deformations
in the distal region of the seminal rod, dorsal border and seminal
valve. Specimens with positive RW1 values had a thin, whole distal
area almost as wide as the seminal valve, whereas specimens with
negative values had a much wider distal edge than the seminal valve
and distal edge divided into ventral and dorsal proceses (Fig. 3A).
RW?2 showed deformations in the dorsal and ventral processess
of the seminal rod, as well as in the curvature between both pro-
ceses and the degree of prominence of the curvature of the dorsal
proximal region (Fig. 3A). Specimens with positive values for this
component had a slightly longer ventral process than dorsal process.
The curvature between both processes and the curvature of the distal

proximal region were slightly convex, whereas specimens with neg-
ative values presented a ventral process much longer than the dorsal
process, with the curvature between both processes evidently convex
and with a highly developed curvature of the dorsal proximal region
(Fig. 3A).

The scatter plot between RW1 and RW2 showed the formation
of seven groups, four of them with a slight overlap, given that one
specimen of D. vitei was mixed with D. mexicanus, and two speci-
mens of D. approximatus were mixed with D. brevicomis (Fig. 3A).

Significant differences were found in the form of seminal rods
among species (MANOVA: &, =0.009578,F=78.35, d.f.=12,102,
P <0.001). The respective paired Hotelling’s T-test supported differ-
ences in the shape of this structure between D. brevicomis and the
rest of the analyzed species: D. adjunctus (P < 0.001), D. approx-
imatus (P < 0.005), D. frontalis (P < 0.001), D. vitei (P < 0.001),
D. mesoamericanus (P < 0.001), and D. mexicanus (P < 0.001).

The CVA explained 97.6% of total variation in the first three
canonical vectors (CV1: 68.6%, CV2:20.42%, CV3: 8.5%). Scatter
plots between CV1 versus CV2, and CV1 versus CV3, and discrim-
inant function correctly grouped and classified 100% of the speci-
mens according to seven analyzed species (Fig. 3B).

Discussion

Range Distribution

Our study confirms the presence of D. brevicomis in Chihuahua,
Coahuila, Durango, and Nuevo Leon states, where this species had been
previously reported (Atkinson 2017, Lanier et al. 1988, Salinas-Moreno
et al. 2010, Wood and Brigth 1992) and provides 30 new records in
Mexico. Of these new records, 26 are in Chihuahua and Durango
states in the Sierra Madre Occidental (SMOC) and four in Nuevo
Leon and Tamaulipas states in the Sierra Madre Oriental (SMOR).
The Tamaulipas record constitutes the most southern distribution site.
Voucher representatives of all locations analyzed were deposited in
the Museo de History Natural de la Ciudad y Cultura Ambiental and
Coleccién Nacional de Insectos del Instituto de Biologia, Universidad
Nacional Auténoma de México (CNIN), Mexico City, Mexico.
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each species.

The increase in the records number of D. brevicomis suggests
that its ocurrence in northern Mexico has often been overlooked,
perhaps due to incorrect determination or because it is far less
abundant compared with other D. frontalis complex species. We
found that in >90% of analyzed samples, the WPB was present in
small proportions (~1:100) compared with other bark beetles (e.g.,
D. mexicanus or D. frontalis).

The majority of D. brevicomis records in Canada and the United
States has been reported in P. ponderosa Douglas ex Lawson 1836
and P. coulteri D. Don 1836 (Wood 1982, Lanier et al. 1988, Wood
and Bright 1992, Six and Bracewell 2015) and occasionally in other
species such as Pinus arizonica Engelmann ex Rothrock 1878 (Pinales:
Pinaceae), and Abies concolor (Gordon et Glendinning) Hildebrand
1861 (Pinales: Pinaceae) (Atkinson 2017, Bright 1976). In Mexico,
scarce records of this species were reported for Pinus estevesi Martinez

1982, Pinus engelmannii Carriere 1854, Pinus leiophylla Schiede
ex Schlechtendal et Chamisso 1831, Pinus montezumae Lambert
1832, and Pinus teocote Schiede ex Schlechtendal et Chamisso 1830
(Cibridn-Tovar et al. 1995, Salinas-Moreno et al. 2010). In this study,
we found D. brevicomis in P. engelmannii, P. leiophylla, P. montezu-
mae, and P. teocote.

The distribution of D. brevicomis in the northern regions of
SMOC and SMOR in Mexico, its discontinuous range in both
regions, and the larger number of hosts recorded compared with
Canada and the United States should be used to reconsider the
potential ecological role that this aggressive species might have in
Mexicos in fact, in these last years the collection of this species have
been more frequent in these mountain systems, altough outbreaks
in these mountains have been attributed to other Dendroctonus
species.
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Geometric Morphometrics
Seminal rod shape has been proposed repeatedly as a useful mor-
phological character for identifying D. frontalis complex species
(Vité et al.1974, 1975; Lanier et al.1988). Recently, a quantitative
analysis of this structure in individuals from species belonging to
the D. frontalis complex (e.g., D. frontalis—=D. mesoamericanus,
D. mexicanus-D. vitei) comfirmed its reliablity for identifying and
discriminating these species (Armendariz-Toledano et al 2014a,b).
Our results show that when members of this complex are
included as a group, the interspecific variation is so broad that
it is not possible to recognize discrete groups for each species of
the D. frontalis complex (Fig. 3A). The most evident segregation
is observed for two large groups, one consisting of the taxa that
present seminal rod bodies divided into ventral and dorsal processes
(D. adjunctus, D. frontalis, D. mesoamericanus, D. mexicanus, and
D. vitei) and the other constituted by species that possess the entire
body (D. approximatus and D. brevicomis) (Fig. 3A).

RWA showed a slight overlap between D. mexicanus-D. vitei
and D. approximatus—D. brevicomis, because these species pres-
ent the most similar seminal rods (Fig. 3A). In fact, in the case of
D. approximatus and D. brevicomis, previous authors have not rec-
ognized differences in this structure, characterizing it as “elongated”
(Lanier et al. 1988). However, CVA did not show overlap in the sem-
inal rod shape of these species (Fig. 3B), indicating that it is a useful
diagnostic character for their identification. Particularly, these dif-
ferences were consistent even after specimens of D. brevicomis from
other localities were included.

Thus, D. brevicomis can be differentiated from D. approximatus
by the presence of a thin distal area of the seminal rod body with
very pronounced distal-dorsal and distal-ventral edges and seminal
valves thinner than the seminal rod body.

Intraspecific Variation of the Seminal Rod of

D. brevicomis

Our results show that the seminal rod displays a wide geographic
variation in terms of size and shape (Fig. 4). Specimens from British
Columbia and California have longer seminal rods than those
from Arizona, which, in turn, are longer than those from SMOC
(Chihuahua and Durango) specimens. Further, specimens from
British Columbia and western California show seminal rods with
scarcely pronounced elongated dorsal and ventral curvatures com-
pared with specimens from eastern Arizona, which also have elon-
gated seminal rods but conspicuosly pronounced dorsal and ventral
curvatures. On the other hand, specimens from Mexican localities
present more complex seminal rod shape patterns. Specimens from
SMOR have thinner seminal rods than specimens from any other
locality, with very pronounced curvatures.

Other attributes of taxonomic value (e.g., pubescence length in
elitral declivity) in the WPB show variation patterns similar to those
of seminal rods. Specimens from British Columbia and California
present variable pubescence length in elitral declivity that does not
exceed interestriae width, while specimens from Arizona, Chihuahua,
Durango, and Nuevo Leon display a more uniform pubescence length.
Additional studies of these and other morphological characteristics
across all distribution range of D. brevicomis must be performed to
determinate the limits of this species, because morphological, molecu-
lar, and chemical ecology evidence (Hopkins 1909; Kelley et al. 1999;
Pureswaran et al. 2008, 2016) suggests the presence of cryptic species
between western and eastern populations of the Great Basin in the
United States and possibly also in Mexican populations.
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