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Abstract: The family Crabronidae (order Hymenoptera) includes excavating and hunting
wasps of more than 9,009 species within 249 genera that are distributed globally, especially
in the tropics. The objective of this research was to improve the knowledge of the occurrence
of the family Crabronidae in Mexico from a review of the scientific literature and to provide
data on species of importance in biological control. The results revealed that 769 species
representing 99 genera have been reported in Mexico. With the current review, 8.5% of the
species known worldwide were found to be present in the country and the list of species was
increased by 32%. The genera Cerceris and Trypoxylon had the highest number of species,
130 species and 58 species, respectively. The Mexican states of Baja California Norte, Sonora
and Tamaulipas have the highest number of Crabronidae species. A total of 211 species were
added to the list of Crabronidae in Mexico. Twelve genera and eight species of Crabronidae
used as biological control agents of various pests were recognized. Further research on the
diversity of this group of insects is suggested, given the importance that crabonids have as
predators and natural enemies of insect pests that affect economically important crops.

Keywords: Cerceris, distribution, predators, wasps.

Resumen: La familia Crabronidae (orden Hymenoptera) incluye avispas excavadoras y caza-
doras de mas de 9.009 especies dentro de 249 géneros que se distribuyen globalmente, espe-
cialmente en los tropicos. El objetivo de esta investigacion fue mejorar el conocimiento de la
ocurrencia de la familia Crabronidae en México a partir de una revision de la literatura cienti-
fica y aporta datos sobre especies de importancia en el control biolégico. Los resultados reve-
laron que en México se han reportado 769 especies que representan 99 géneros. Con la revi-
sion actual, se identificé que el 8.5% de las especies conocidas a nivel mundial estan presentes
en el pais y la lista de especies se increment6 en un 32%. Los géneros Cerceris y Trypoxylon
tienen el mayor numero de especies, 130 y 58 especies, respectivamente. Los estados mexica-
nos de Baja California Norte, Sonora y Tamaulipas reportaron el mayor niimero de especies
de Crabronidae. Se agregaron un total de 211 especies a la lista de Crabronidae en México. Se
reconocieron doce géneros y ocho especies de Crabronidae utilizados como agentes de con-
trol bioldgico en diversas plagas. Se sugiere realizar mas investigaciones sobre la diversidad
de este grupo de insectos, dada la importancia que los crabonidos tienen como depredadores
y enemigos naturales de insectos plaga que afectan cultivos de importancia econdmica.

Palabras clave: Avispas, Cerceris, depredadores, distribucion.

Introduction

Mexico is a shelter of 10 to 12% of the total species reported in the world and is one
of the main mega-diversity countries, along with Brazil, Peru, Colombia, Indonesia,
and China (Toledo 1988; Mittermeier and Goettsch 1992; Gonzalez 2006; SEMAR-
NAT 2008; Sarukhan et al. 2009; Martinez-Meyer et al. 2014). Such diversity in-
cludes an estimated 125,585 species of invertebrates, most of which are insects (SE-
MARNAT 2008). According to Morén and Valenzuela-Gonzalez (1993) and Luis ef
al. (2000), 110,000 species of insects have been reported in Mexico, which involves
6,000 species of Hemiptera, 20,000 species of Diptera, 35,000 species of Coleoptera,
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and between 20,000 and 30,000 species of Hymenoptera (Mi-
chener 2000; Griswold et al. 2006).

The order Hymenoptera includes many species of ecolo-
gical and economic importance (Fernandez 2000; Della 2003;
Guzman 2014; Myartseva et al. 2014, 2015). Predatory wasps
included in the superfamily Apoidea are distinguished becau-
se of their diversity of habits and behavioral complexity, ran-
ging from solitary to eusocial species. Apoidea are advanced
aculeates considered the most economically important insect
group in the biological control (Brothers and Finnamore,
1993) and pollinators. The taxonomy of Apoidea is compli-
cated due to the size of the insects, the relative scarcity of
literature in some regions of the world, and the morphological
similarity among closely related species (Ruiz et al. 2010).

The taxonomical criteria to separate groups vary accor-
ding to different authors. For example, Bohart and Menke
(1976) mentioned 11 subfamilies within the family Spheci-
dae, but further studies have elevated these subfamilies to the
family level within the superfamily Apoidea (Gauld and Bol-
ton, 1988). Finnamore and Michener (1993) classified these
wasps into nine families grouped in the series Spheciformes,
whereas Melo (1999) proposes four families, plus the family
Apidae within the superfamily Apoidea. These four families
are Ampulicidae, Crabronidae, Heterogynaidae, and Spheci-
dae, within the sphecoid wasps (Spheciformes) (Melo 1999),
now apoid wasps. Moreover, Pulawski (2021) considered
only the families Ampulicidae, Apidae Crabronidae, Hetero-
gynaidae and Sphecidae.

About 8,000 species are known in Ampulicidae, Crabro-
nidae, Heterogynaidae, and Sphecidae (Bohart and Menke
1976; Finnamore and Michener 1993). In the family Crabro-
nidae, Pulawski (2022) cited about 9,106 species representing
249 genera and eight subfamilies, mainly from the tropics.
The family Crabronidae represents 89% of the species present
in the Americas from the apoid wasps, followed by Sphecidae
(8%) and Ampulicidae with 2% (Table 1). The family Hetero-
gynaidae have only been recorded in the Old World (Amaran-
te, 2006; Pulawski, 2022).

Previous studies of Crabronidae in Mexico recorded
558 species and 80 genera of crabronids (Horta ef al. 2013),
whereas Ruiz et al. (2002) listed 463 species, and Amaran-
te (2002) reported 511 species. Such studies indicate that the

families Crabronidae, Sphecidae, and Ampulicidae account
for 8% of the species distributed in the Americas, highligh-
ting Crabronidae as the most diverse family. This study aimed
to update the number of species of the family Crabronidade
in Mexico and provide data on species with potential use as
biological control agents.

Materials and methods

A review of the available literature on the occurrence of the
family Crabronidae in Mexico was conducted. This review in-
cluded revising books, documents, and publications of scien-
tific bases in the Journal Citation Reports (JCR), Latindex,
and Scielo. Also, it involved other sources, such as reports
of local studies in Mexico and databases available worldwide
(Scullen 1972; Bohart and Menke 1976; Bohart 1990, 1993,
1997, 2000; Antropov 1999; Ohl 1999; Leclercq 2000, 2002a,
2002b, 2007; Fernandez 2001; Amarante 2002, 2005; Finna-
more 2002; Ruiz and Coronado 2002; Ruiz et al. 2002; Ge-
naro 2006; Holliday and Coelho 2006; Nemkov 2006; Horta
et al. 2007, 2013; Holliday et al. 2009; Gonzalez et al. 2010;
Looney et al. 2014; Vanoye-Eligio et al. 2014; Cancino et
al. 2015; Rosa 2015; Ruiz-Cancino 2015; Vanoye-Eligio et
al. 2015; Mokrousov and Popov 2016; Discovery Life 2018;
GBIF 2018; Pulawski 2022; Rosa and Melo 2020). The main
criterion for the selection of species was that the record for
Mexico is determined at the species level and preferably the
place of collection in the different investigations. Any omis-
sion of relevant literature available was not intentional. In this
study, we followed the classification of Melo (1999).

Results

According to the reviewed literature, a total of 769 species
representing 99 genera of the family Crabronidae are repor-
ted in Mexico (Table 2, Supplementary File). The subfamilies
Crabroninae and Philanthinae exhibited the highest numbers
of species, with 338 and 187 species, respectively. The genera
Cerceris and Trypoxylon were the most diverse with 130 and
58 species, respectively (Table 3). Baja California Norte, So-
nora, and Tamaulipas represented the most diverse Mexican
states with 144, 125, and 106 species, respectively (Fig. 1).

Table 1. Number of species of the superfamily Apoidea including the family Crabronidae reported in Mexico, the Nearctic and
Neotropical regions, and worldwide (Bohart and Menke 1976; Finnamore and Michener 1993; LaSalle and Gauld 1993; Was-
bauer1995; Fernandez 2000, 2002; Ruiz et al. 2002; Gonzalez 2006; Pitts et al. 2006; Horta et al. 2007, 2009, 2013; Morrone and
Marquez 2008; Pulawski 2022; Orr ef al. 2021).

Superfamily Family World Nearctic Neotropical Mexico
Apoidea Sphecidae 787 102 159 87
Crabronidae 9,106 781 1,516 558
Ampulicidae 202 4 20 3
Apidae 20505 6273 5929 1878

Table 2. Number of genera and species of the family Crabroni-
dae reported from Mexico.

Subfamily Genera Species
Astatinae 4 26
Bembicinae 39 170
Crabroninae 40 338
Pemphredoninae 11 48
Philanthinae 5 187

Total 99 769
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Table 3. Number of species of the family Crabronidae reported
from Mexico and organized by subfamily and genus.

Subfamily

Genera

Species

Subfamily

Genera

Species

Astatinae

Astata Latreille, 1796

15

Dryudella Spinola, 1843

6

Diploplectron W. Fox, 1893

4

Uniplectron F. Parker, 1966

Bembicinae

Bembix Fabricius, 1775

Glenostictia Gillaspy, 1962

Hoplisoides Gribodo, 1884

Pseudoplisus Ashmead, 1899

Steniola Say, 1837

Bicyrtes Lepeletier, 1845

Stictiella J. Parker, 1917

Clitemnestra Spinola, 1851

Mellinus Fabricius, 1790

Microbembex Patton, 1879

Stictia llinger, 1807

Microstictia Gillaspy, 1963

Epinysson Pate, 1935

Psammaletes Pate, 1936

Bembecinus A. Costa, 1859

Didineis Wesmael, 1852

Sphecius Dahlbom, 1843

Stizoides Guérin-Méneville, 1844

Zanysson Rohwer, 1921

Alysson Panzer, 1806

Argogorytes Ashmead, 1899

Harpactus Shuckard, 1837

Sagenista R. Bohart, 1967

Xerostictia Gillaspy, 1963

N N NN | P W W W w w hlhluwlaanan|an || ©

Arigorytes Rohwer, 1912

Dienoplus W. Fox 14

Foxia Ashmead, 1898

Hapalomellinus Ashmead, 1899

Leiogorytes R. Bohart, 2000

Tachytes Panzer, 1806

23

Rhopalum Stephens, 1829

18

Ectemnius Dahlbom, 1845

—
N

Solierella Spinola, 1851

—_
N

Crabro Fabricius, 1775

Entomognathus Dahlbom, 1844

Larropsis Patton, 1892

Pison Jurine In Spinola, 1808

Enoplolindenius Rohwer, 1911

Belomicrus A. Costa, 1871

Pleneculus W. Fox, 1893

Anacrabro Packard, 1866

Lestica Billberg, 1820

Foxita Pate, 1942

Huavea Pate, 1948

Larra Fabricius, 1793

Moniaecera Ashmead, 1899

N NN (DR | AN [Q| 2|00 |0

Aulacophilus F. Smith, 1869

Aphilanthops Patton, 1880

Aulacophilus F. Smith, 1869

Bothynostethus Kohl, 1884

Chimila Pate, 1944

Holcorrhopalum Cameron, 1904

Lecrenierus Leclercq, 1977

Lindenius Lepeletier & Brullé, 1835

Lyroda Say, 1837

Miscophus Jurine, 1807

Nitela Latreille, 1809

Pae Pate, 1944

Parataruma Kimsey, 1982

Pisonopsis W. Fox, 1893

Podagritus Spinola, 1851

Prosopigastra Costa, 1867

Taruma Pate, 1944

Tracheliodes A. Morawitz, 1866

—_

Megistommum Schulz, 1906

Metanysson Ashmead, 1899

Neoplisus R. Bohart, 1967

Nysson Latreille, 1802

Oryttus Spinola, 1836

Rubrica J. Parker, 1929

Saygorytes Nemkov 2007

Stenogorytes Schrottky, 1911

Stizus Latreille, 1802

Tanyoprymnus Cameron, 1905

Crabroninae

Trypoxylon Latreille, 1796

58

Pemphredo-
ninae

Pluto Pate, 1937

—_
-3

Pseneo Malloch, 1933

Stigmus Panzer, 1804

Psen Latreille, 1796

Mimesa Shuckard, 1937

Psenulus Kohl, 1897

Spilomena Shuckard, 1838

Ammoplanops Gussakovskij, 1931

Incastigmus Finnamore, 1995

NN [ W W W k| oy

Polemistus Saussure, 1892

—

Pulverro Pate, 1937

Tachysphex Kohl, 1883

43

Oxybelus Latreille, 1796

31

Liris Fabricius, 1804

27

. Crossocerus Lepeletier & Brullé, 1835

26

Philanthinae

Cerceris Latreille, 1802

130

FEucerceris Cresson, 1865

36

Philanthus Fabricius, 1790

15

Clypeadon Patton, 1897

Trachypus Klug, 1810
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Figure 1. Numbers of Crabronidae species by state in Mexico.

Regarding the agroecological importance, the genera
Astata, Bicyrtes, Cerceris, Larra, Liris, Oxybelus, Rubrica,
Solierella, Tachysphex, and Tachytes, which include species
that are used as biological control agents, are reported in
Mexico. Also, at species level, seven species (4stata unico-
lor Say, 1824, Cerceris californica Cresson, 1865, C. dilatata
Spinola, 1841, C. fumipennis Say, 1837, C. grandis Banks,
1913, Solierella blaisdelli (Bridwell, 1920) and S. peckhami
(Ashmead, 1897)) have been recorded in the country.

Discussion

The 769 species of Crabronidae reported from Mexico ac-
count for 8.5% of the total species reported worldwide (Pu-
lawski 2022). Our report of 769 species also represents a 32%
increase in the number of species previously provided by Hor-
ta et al. (2013), who listed 558 species and 80 genera. Other
previous reports were 511 species by Amarante (2002) and
463 species by Ruiz et al. (2002). Also, the study provides
evidence of 11 genera and seven species present in Mexico
that are recognized as biological control agents.

At the subfamily level, the Crabroninae had the most sig-
nificant number of species in Mexico (338 species) (Tables 2,
3, Supplementary File), which coincides with other studies
worldwide (Ruiz et al. 2002; Horta et al. 2013; Pulawski
2022). According to Pulawski (2022), the diversity ranking
of subfamilies of Crabronidae places Crabroninae as the most

diverse subfamily, followed by Bembicinae and Philanthinae.
However, in our review, Philanthinae and Bembicinae were
the second and third most diverse subfamilies, respectively.
Five genera (Cerceris Latreille, Eucerceris Cresson, Philan-
thus Fabricius, Clypeadon Patton, and Trachypus Klug) and
187 species comprised the subfamily Philanthinae. Cerceris
was the most diverse genus with 70% of the species in that
subfamily and represented 24% of the total species of Cra-
bronidae. Such results are consistent with Horta ef al. (2013),
who reported Cerceris and Trypoxylon as the most represen-
tative genera of the family Crabronidae. Moreover, Vanoye
et al. (2015) stated that Liris and Tachytes genera are also re-
presentatives of the family in Mexico. In this study, however,
36 of 99 genera are associated with only one species. In terms
of species richness, the rarity of species within genera may
suggest many unknown species inhabiting different regions
of Mexico.

The states of Baja California Norte, Sonora, and Tamauli-
pas in the north of Mexico had the highest number of species
with 144, 125, and 106 species, respectively. One explanation
of this might be that the number of studies on Crabronidae
is higher in this region than in other states of Mexico. In ad-
dition, another possible determining factor in the number of
species of this family is the vegetation present in these sta-
tes of the country, which have large plains and plains with
hills forming part of the Sonoran and Chihuahuan desert (Gu-
tiérrez-Ruacho et al. 2012). In these states the vegetation is
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varied, being the transition between the mountain vegetation
and the vegetation of arid zones (Hernandez et al. 2005). To-
ledo (1995) mentioned that these transition areas between va-
rious types of vegetation are rich in biodiversity. In addition
to the above, the dominant vegetation in these areas is a desert
scrub, which has open spaces that favor the abundance and
richness of the family Crabronidae (Rzedowski and Huerta
1994; Comas et al. 2009; SEMARNAT 2011).

This vegetation is characterized by thorny vegetation such
as cactus and bromeliads and shrubs that ranged from 3 to 5
m high and in semi-desert pasture. Such environmental condi-
tions provide open spaces preferred by wasps, as observed by
Comas et al. (2009). Indeed, the species diversity of Crabro-
nidae declines in closed or canopied habitats. Hymenoptera
associated with open environments exploits the herbaceous
plants and shrubs to provide food and nesting resources. Can-
dia and Mayida (2005) found that structural differences be-
tween the arboreal strata and shrub vegetation influence the
abundance and species richness of Crabronidae. In this re-
gard, Genaro (2009) reported that nests of species of Cerceris
are constructed in clay and compact soils without vegetation
or sometimes with isolated low vegetation, as noted with C.
victori (Genaro, 2009).

Of the 769 species reported from Mexico, records of 487
species (63%) provide information on state locations whe-
re they were collected, while reports on the remaining 282
species (27%) did not indicate specific locality data (Supple-
mentary File). Overall, this review addressed the current
knowledge of the diversity of species and its distribution of
Crabronidae species in Mexico.

Regarding the use of insects in the natural control of pest
insects, in agriculture, one of the objectives is to maintain
biodiversity and promote the regulation of the abundance
of harmful organisms, through predation, parasitoidism, pa-
rasitism and competition between species to reduce damage
to crops (Brito and Camacho 2007). Agricultural and forest
crops and other plant species of interest to humans offer ex-
cellent opportunities to develop integrated pest management
programs, since there is a diversity of harmful and beneficial
insect species in them that are in ecological balance and with
healthy populations (Ledn 2005). Pest insects limit the pro-
duction of different crops. Ayala ef al. (2013) mentioned that
the damage they cause in crops is due to different environ-
mental factors, the phenology of the crop and the habits of
the pest insect, including the biological characteristics of the
pest (Reséndiz ef al. 2016). In biological control, parasitoids
are the most widely used natural enemies of insect pests, as
they play a fundamental role as natural regulators. Parasitoid
wasps (Hymenoptera) constitute one of the most diverse or-
ders of the class Insecta, which are used as natural control
against insect pests (Llave 2015). Regarding predatory wasps,
these have acquired great importance as predators of harmful
organisms that affect agricultural crops, due to the pedotro-
phic behavior of these wasps, which includes several species
of insects, caterpillars and spiders, and their nesting habits
are variable, constructing them on different surfaces; in addi-
tion, there are wasps with solitary and social habits, which are
considered to have important ecological characteristics which
can help design conservation strategies and use in biological
control (Brito and Camacho 2007; Meléndez-Ramirez et al.
2021). Hence, the use of Crabronidae species in the biological
control of pests in forestry and agriculture has been impor-
tant, since at least 22 cases have been documented for this

purpose worldwide. In the subfamily Philanthinae, 10 species
have been recorded (Cerceris arenaria (Linnaeus, 1758); C.
californica; C. cerverae Giner-Mari, 1941; C. completa Banks,
1919; C. dilatata; C. fumipennis; C. grandis; C. jeiti Genaro,
2009; and C. victori) (Careless 2009; Genaro 2009; Careless
et al. 2014; Looney et al. 2014; Polidori 2014; Klingeman
2015) that help in the control of pest species of Brupestidae
(Coleoptera), which mainly affect wood. Five species and
four genera of Crabroninae have been reported (Larra bico-
lor Fabricius, 1804; Oxybelus fritzi Bohart, 1993; O. platensis
Bréthes, 1901; Solierella blaisdelli; S. peckhami; Holotachys-
phex; Liris; Tachysphex and Tachytes) which have been obser-
ved to include species of Hemiptera and Orthoptera (Nysius
raphanus Howard; N. tenellus Barber; Gryllotalpa Latreille;
Scapteriscus Scudder) in their pedotrophic diet, which affect
different agricultural crops (Frank et al. 1995; Capinera and
Leppla 2001; Seyoum and Pulawski 2001; Arévalo and Frank
2005; Ferreira et al. 2014; Polidori 2014; Gallardo-Granados
et al. 2016; Carabali et al. 2017; Acosta 2018; De Carvalho
et al. 2018; Gomez-Agudelo and Romero-Zuiiiga 2018; Rial
2019; Saenz-Romo et al. 2019). For Bembicinae two species
have been recorded (Bicyrtes quadrifasciata (Say) and Ru-
brica surinamensis De Geer, 1778) preying on pest species
that attack fruit and vegetable crops (Quispe 2015; Lara et al.
2016; Biddinger and Joshi 2017; Lowenstein et al. 2018). The
subfamilies Astatinae and Pemphredoninae are each recorded
with a species (4stata unicolor Say, 1824, and Pemphredon
sp., respectively) considered as natural predators of pest in-
sects in agricultural crops.

In Mexico, of the crabronid species for the purposes of
induced or natural biological control that have been documen-
ted, seven species belonging to three genera have been recor-
ded (Astata Latreille, 1796; Solierella Spinola, 1851; Cerceris
Latreille, 1802), being the species Cerceris californica cali-
fornica Cresson, 1865, with the greatest distribution in the
country (11 states), mainly in the northeastern and northwes-
tern states, and the same as the rest of the species. It is im-
portant to mention that the states of these regions are part of
northern Mexico, where agriculture have managed to expand
during the 20th century in millions of hectares with sophis-
ticated irrigation systems, being a multiregional space that
occupies about 60% of the Mexican territory and whose main
characteristic is the aridity of the soil (Cerutti 2015), which is
one of the determining factors in the richness and abundance
of the family Crabronidae (Candia and Mayida 2005).

Conclusions

The results suggest that crabronids are a group of wasps with
high species richness in Mexico, which is promoted by the
combination of Nearctic and Neotropical elements that cha-
racterize this part of the Americas. This work added a total of
211 species to the Crabronidae species list and recorded seven
species that have been used in the natural biological control of
pests that affect the forestry and agricultural sector; however,
given the ecological and economic importance of this group
of insects, more research is needed on the diversity and bio-
logy of these wasps. Finally, it is important to highlight that
despite the efforts that the scientific community worldwide
makes by proposing species of insects as natural pest con-
trol agents, currently the main method of insect pest control
is based on the use of chemical insecticides, which are of im-
mediate action, because they have been effectively adapted.
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However, the use of broad-spectrum chemical pesticides ne-
gatively affects both beneficial and harmful insects, including
those with great potential in natural pest control.
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