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The Oldest Beetle and Bee Ichnofossils from Mexico and their Paleoenvironmental
Implications

Rosal�ıa Guerrero-Arenasa, Eduardo Jim�enez-Hidalgoa, and Jorge F. Geniseb

aLaboratorio de Paleobiolog�ıa, Campus Puerto Escondido, Universidad del Mar, Oaxaca, Mexico; bCONICET, Divisi�on Icnolog�ıa, Museo Argentino
de Ciencias Naturales, Buenos Aires, Argentina

ABSTRACT
Specimens of Fictovichnus gobiensis, Celliforma curvata, Celliforma rosellii, Celliforma germanica and
Celliforma isp. were collected from paleosol horizons in a fluviolacustrine succession near Santiago
Yolom�ecatl town, in northwestern Oaxaca, southern Mexico. These ichnofossils represent the oldest
evidence of beetles and bees in Mexican localities. K–Ar ages and the record of the equid Miohippus
assiniboiensis, an index fossil, indicate that the age of the deposits is late Eocene. Based on the presence of
the insect ichnofossils, pedogenic carbonate isotopes and mammal proxies, the inferred type of
vegetation present in the study areawas scrubland/woodland, within subhumid to subarid conditions.
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Introduction

There are significant gaps in the insect fossil record in
tropical North America. Within the Mexican territory,
Coleoptera and Hymenoptera are two widely distributed
taxa nowadays; however, their evolutionary history is
poorly known because of their scarce body fossil record
and scantly studied continental formations.

The main reason of the scarce record is that insects
lack mineralized tissue and their preservation usually
requires extraordinary circumstances (Karr and Clap-
ham 2015); also, there are many unexplored continental
areas in Mexican territory. Fortunately, ichnofossils pro-
duced by insects can compensate the scarcity or absence
of body fossils of a particular taxon, contributing to our
knowledge of its evolutionary history.

The objectives of this contribution are as follows: 1) to
report the oldest record of bees and beetles from Mexico
for the late Eocene evinced by the presence of pupation
chambers of beetles and bee cells from deposits of
Oaxaca, southern Mexico, 2) to discuss the implications
of this evidence for the Mexican insect fossil record, and
3) to preliminarily propose paleoenvironmental condi-
tions of these ichnofossiliferous beds.

Geological setting

The study zone is located within the municipality
of Santiago Yolom�ecatl, in the Tlaxiaco Basin,

northwestern Oaxaca, southern Mexico. The region is
included in the Sierra Madre del Sur physiographic
province (Ortiz-P�erez, Hern�andez-Santana, and
Figueroa Mah-Eng 2004).

The specimens have been collected in ichnofossiliferous
beds of the Yolom�ecatl unit, a fluviolacustrine succession
with several paleosol horizons. The lower part of the
Yolom�ecatl unit consists of partially silicified limestone,
which changes upward to a succession of about 200 m in
thickness of thinly-to-thickly bedded mudstones with
occasional coarse lenses and some beds of volcanic and
limestone pebble, cobble and boulder conglomerate.
Thinly bedded chert layers are also intercalated with the
fine-grained strata (Jim�enez-Hidalgo et al. 2015).

Many vertebrate fossils have been recovered from these
beds. The assemblage was described as the Iniyoo Local
Fauna (Jim�enez-Hidalgo et al. 2015), which includes turtles,
lizards, caniforms, rodents, perissodactyls and several artio-
dactyls. The age of the faunal assemblage is middle-late Cha-
dronian North American Land Mammal Age (35–33.9 Ma)
because of the presence of the equidMiohippus assiniboiensis.
This index equid species has been recorded in Saskatchewan,
Wyoming and North and South Dakota (Prothero and Shu-
bin 1989). The mammal age agrees with the radiometric
dates of 32.9§ 0.9 Ma and 35.7§ 1.0 Ma, from the concor-
dantly overlying Ca~nadaMar�ıa Andesite (Martini et al. 2000;
Santamar�ıa-D�ıaz, Alaniz-Alvarez, and Nieto-Samaniego
2008). Thus, the minimum age of the ichnofossiliferous beds
is late Eocene (Jim�enez-Hidalgo et al. 2015).
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Besides vertebrate specimens, several insect ich-
nofossils were discovered in the study area. Second-
ary components in Yolom�ecatl paleosols are
rizoliths and large vertebrate burrows of geomyid
rodents.

One hundred and three specimens were collected in eight
different paleosols from three localities. Many ichnofossils
were detached from the rock matrix on the floor of the out-
crops, and several were found in situ.

All the specimens were measured with a digital Ver-
nier caliper for submillimetre precision. Specimens are
housed in the Colecci�on de Icnolog�ıa, Laboratorio de
Paleobiolog�ıa, Universidad del Mar, campus Puerto
Escondido, under the acronym UMPLIC-.

Systematic ichnology

Ichnofamily Celliformidae Genise, 2000
Ichnogenus Celliforma Brown, 1934
Celliforma curvata Sarzetti et al. 2014

Material: UMPLIC-002, ¡003, ¡087, ¡088, ¡111,
¡114, and ¡115.
Description: Seven specimens were identified as C.

curvata (Fig. 2). They are internal moulds of vertical cells
showing rounded bottoms and a curved neck. The speci-
mens range from 0.89 cm to 3.11 cm in height, the neck
diameter ranges from 0.29 cm to 1.18 cm, and the maxi-
mum diameter from 0.54 cm to 1.44 cm.

Comments: Curved cells are attributable to Dipha-
glossinae bees (Sarzetti et al. 2013).

Celliforma germanica Brown, 1935

Material: UMPLIC-057 and ¡070.
Description: Height of the specimens ranges from

1.22 cm to 1.28 cm and the maximum diameter from
0.61 cm to 0.72 cm. The specimens show a short neck
(Fig. 1I).

Celliforma rosellii Genise and Bown, 1994

Material: UMPLIC-085.
Description: Internal mould of a stout cell with a

cylindrical shape and rounded bottom and a flat top,
with a rind. Its height is 3.1 cm and its maximum diame-
ter is 1.59 cm (Fig. 1H).

Celliforma ispp.

Material: UMPLIC-031 and ¡082.
Description: Two specimens with a capsule shape are

identified as Celliforma ispp. (Figs. 1J and K) because the
lack of diagnostic features. The height of these specimens
ranges from 1.54 cm to 2.14 cm and the maximum diam-
eter from 0.73 cm to 0.86 cm.

Ichnofamily Pallichnidae Genise 2004
Ichnogenus Fictovichnus Johnston et al. 1996

Fictovichnus gobiensis Johnston, Eberth
and Anderson 1996

Material: UMPLIC-007 to ¡030; UMPLIC-032 to
¡052; UMPLIC-055 and ¡056; UMPLIC-058 to ¡069;
UMPLIC-071 to¡081; UMPLIC-083 and¡084; UMPLIC-
090 to ¡095; UMPLIC-097 to ¡101; UMPLIC-103 to
¡107; UMPLIC-110; UMPLIC-117 to¡119.

Figure 1. Fictovichnus gobiensis (A–G). A, UMPLIC-052. B, UMPIC-008. C, UMPLIC-017. D, UMPLIC-010. E, UMPLIC-18. F, UMPLIC-007. G,
UMPLIC-144. Scale: 2 cm. Celliforma ispp. (H–K). H, Celliforma rosellii (UMPLIC-085). I, Celliforma germanica (UMPLIC-057). J, Celliforma
isp. (UMPLIC-031) and K, Celliforma isp. (UMPLIC-082). Scales: 2 cm, except in J and K that is 1 cm.
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Description: 91 specimens. All are ellipsoid internal casts.
The majority with rounded extremes and smooth surface;
some specimens show pointed extremes (Fig. 1A). The exit
hole appears subequatorial in the majority of the specimens
(Figs. 1B, C and F). They range in length from 1.44 cm to
2.97 cm and inmaximumdiameter from 0.65 cm to 1.34 cm.

Comments: F. gobiensis is interpreted as a coleop-
teran pupation chamber (Johnston et al. 1996; Genise
et al. 2007). Johnston et al. (1996) proposed Scara-
baeidae, Curculionidae and Tenebrionidae as potential
producers. Recently, Alonso-Zarza et al. (2014) modi-
fied the original description from Johnston et al.
(1996) with the purpose to ease the identification for
the ichnospecies.

Discussion

Implications in the Mexican fossil record

Fictovichnus and Celliforma collected from Yolom�ecatl
beds are the oldest insect ichnofossils formally reported
from Mexico. Previous reports of beetle and bee ichnofos-
sils from the Mexican territory are doubtful or incomplete.

Buck, Lawton, and Brock (2010) mentioned the presence
of Ancorichnus, a horizontal burrow with distinct walls and
discrete backfilledmenisci, from the Paleogene Carroza For-
mation, in La Popa Basin, northeastern Mexico. They men-
tioned that Ancorichnus could be interpreted as the result of
a beetle burrowing in upper vadose zone while feeding on
organic debris. However, these meniscate burrows can be
produced by different organisms in paleosols and Ancorich-
nus is almost exclusive of marine environments (Smith et al.
2008; Bradshaw 2010; Desay and Saklani 2014). Conse-
quently, Ancorichnus cannot be considered an indisputable
evidence for the presence of beetles in the Carroza
Formation.

The only brief report of beetle ichnofossils in Mexico
are represented by specimens from Pliocene beds of
Jalisco. Mor�on (2004) named these samples as dung bee-
tle “bolas-nido.” Considering the original photos, we
identified them as Coprinisphaera isp.

RegardingCelliforma, a dubious record of this ichnogenus
was reported byGardner (1945) inmarine Cenozoic deposits
of the Gulf of Mexico region. The original figure does not
support key features such as spiral closure and shape.

Specimens of Fictovichnus and Celliforma from
Yolom�ecatl beds represent the oldest ichnofossils attribut-
able to beetles and bees inMexico, from the late Eocene.

Body fossils of beetles and bees are present in younger
formations. The oldest record of beetles in Mexico is repre-
sented by remains of an incomplete and unidentified beetle
specimen from the Oligocene Coatzingo Formation of Pue-
bla, central Mexico (Cifuentes-Ruiz et al. 2007). Fictovich-
nus specimens from Oaxaca are at least 1.0 Ma older than
the body fossil remains of Puebla. Other well-identified and
younger beetle specimens (e.g. Erwin 1971; Sol�orzano-
Kraemer 2006) were collected from the early Miocene La
Quinta Formation (Calvillo-Canadell et al. 2010).

Specimens of Celliforma from Yolom�ecatl are important
because of the lack of records of bee body fossils in Mexico
during the Paleogene. The previously known Mexican bee
fossil record is younger. It is represented by the Simojovel
amber specimens, fromChiapas, southernMexico, collected
from the early Miocene La Quinta Formation (e.g. Engel
2014). The Oaxacan reported Celliforma isp. specimens are
at least 10 Ma older. The records of C. curvata from
Yolom�ecatl represent the earliest evidence ofDiphaglossinae
(Colletidae) in Mexico. That subfamily is still present along
Mexican territory (e.g. Ayala and Engel 2014). Diphaglossi-
nae were widespread from early Eocene to middle Miocene,
ranging from southern Utah to extra-Andean Patagonia at
42�S (Sarzetti et al. 2013). The specimens of C. curvata in
Yolom�ecatl are in concordance with these previous records.

Paleoenvironmental implications

The Yolom�ecatl assemblage can be included in the Celli-
forma Ichnofacies, which is represented by associations
of insect trace fossils produced by beetles, bees and
wasps, such as Celliforma, Fictovichnus and Rebuffoich-
nus ichnospecies (Genise et al. 2010). The Celliforma
Ichnofacies is typical of carbonate-rich paleosols from
semiarid to subhumid environments and reflects palus-
trine, scrubland or dry woodland conditions (Genise
et al. 2010). According to the scale of field acid reaction
to approximate carbonate content (Retallack 1988), the
paleosols of Yolom�ecatl are very strongly calcareous.

Isotopic values of pedogenic carbonates (range of¡8.0%
to ¡8.9% d C13PDB) from four of the ichnofossiliferous

Figure 2. Celliforma curvata. A, UMPLIC-088. B, UMPLIC-087.
Scale: 2 cm. C, Specimen in situ, diameter of the coin is 2.2 cm.
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paleosol horizons indicate open shrubland or woodland
vegetation (Wynn 2000; Sikes and Ashley 2007). Several
mammalian species of the Iniyoo Local Fauna provide fur-
ther clues about environmental conditions in Yolom�ecatl
deposits: cursoriality inMiohippus is evidence for open veg-
etation (Retallack 2004), Trigonias has been reported close
to river habitats (Clark, Beerbower, and Kietze 1967), but
recently, Zanazzi and Kohn (2008) suggested that this genus
inhabited open plains; Merycoidodon has been reported in
riparian forests to open plains (Lander 1998) andwoodlands
(Zanazzi and Kohn 2008) and Poebrotherium inhabited
open plains (Janis 1982; Zanazzi and Kohn 2008).

Isotopic values suggest a type of vegetation consisting
of small- to medium-height wooded vegetation (Wynn
2000); mammalian species and ichnofossil association
additionally suggest the presence of open habitats with
poor or scanty herbaceous coverage.

Conclusions

1) F. gobiensis, C. rosellii, C. germanica, C. curvata
and C. ispp. are present in the Late Eocene beds of
the Yolom�ecatl Formation, in southern Mexico.

2) These records represent the oldest evidence of bees
and beetles for Mexico and the first mention of the
C. Ichnofacies.

3) Vegetation type inferred from ichnofossils, along
with isotopic values of pedogenic carbonates of the
study area and the mammalian fauna suggest
scrubland/woodland paleoenvironments.
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