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A B S T R A C T   

Meiatermes cretacicus n. sp., an alate termite from the Early Cretaceous Crato Formation, Araripe Basin, north
eastern Brazil. The new taxon is similar in many characteristics to other termites from the Araripe Basin, and 
primitive termites from Spanish amber. The rounded head and pronotum, Y-shaped line, veins Sc, R, Rs and M 
more heavily sclerotized than CuA, multiple Rs branches, and CuA well-developed are features shared with the 
basal-most termites belonging to the Meiatermes-grade. The Mesozoic record of the Araripe Basin includes six 
species of termites. Therefore, each discovery of a fossil termite is of high interest, giving new insight into their 
early evolutionary history and diversity during the Cretaceous of the South America.   

1. Introduction 

Termites are members of a monophyletic lineage within the order 
Blattaria (Inward et al., 2007; Engel et al., 2009; Krishna et al., 2013). 
All the species of the Infraorder Isoptera are highly eusocial (Krishna 
et al., 2013), living in colonies in which the roles of the individuals are 
defined by a system of castes that include workers, soldiers, and winged 
reproductives. Termites are ecologically significant recyclers of organic 
matter in temperate and tropical ecosystems (Grimaldi and Engel, 
2005), where they are particularly abundant in terms of biomass 
(Eggleton et al., 1996). In these environments, termites play an essential 
ecological role in the decomposition of extremely abundant, but highly 
resistant lignocellulose (DeSouza et al., 2009). The success of termites is 
in part due to their ability to digest poor nutritional lignocellulose but 
also by the ability to influence their habitat, modifying soil chemical and 
plant growth rates (Jouquet et al., 2006; Bourguignon et al., 2017; 
Engel, 2019), often causing damage to human structures (Su and 
Scheffrahn, 2000). 

Termite evolution is one of the most fascinating subjects in ento
mology, and has attracted the attention of recent studies (Inward et al., 
2007; Engel et al., 2009; Buček et al., 2019). The precise timing of the 
appearance of termites is not well understood, although fossil records do 
provide a glimpse into their subsequent diversification in the Creta
ceous. Vrsansky et al. (2017) provided the appearance time at around 

127 Ma (Early Cretaceous). The first undisputed termites evolved from 
cockroaches, probably derived from Liberiblattinidae (Vršanský, 2002, 
2010; Inward et al., 2007; Engel et al., 2009, 2016; Lo et al., 2000; 
Vršanský et al., 2019a,b; Li et al., 2020; Sendi et al., 2020) and euso
ciality was already present in the Early Cretaceous (Thorne et al., 2000; 
Engel et al., 2016). 

The first Cretaceous termite was described in Labrador’s Late 
Cretaceous (Emerson, 1967). This was followed by the description of 
four more species from Europe (Jarzembowski, 1981; Lacasa-Ruiz and 
Martínez-Delclòs, 1986; Schlüter, 1989) and Asia (Ponomarenko, 1988). 
Later, seven species were described from the Early Cretaceous of China 
(Ren, 1995) and one in North America (Krishna and Grimaldi, 2000). 
After the 2000s, the Cretaceous termite record increased considerably, 
mainly due to discoveries in the amber-bearing deposits of Myanmar, for 
which 15 species are known (Krishna and Grimaldi, 2003; Engel et al., 
2007, 2016; Poinar, 2009; Engel, 2019; Zhao et al., 2019, 2020a; 
Vršanský et al., 2019). Also, two new species have been described in 
Lebanese amber (Engel et al., 2007, 2011); four species in Spanish 
amber, (Engel and Delclòs, 2010; Sánchez-Gárcia et al., 2020); three 
species in French amber (Engel et al., 2011; Engel, 2014); and three 
species as fossil compressions in Russia and Mongolia (Engel et al., 2007; 
Vršanský and Aristov, 2014). 

Fossils belonging to basal lineages provide direct evidence for un
derstanding the early evolution and biogeographic patterns of termites. 
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For this reason, Crato termites are very valuable, being one of the 
Mesozoic Gondwanan records of the Isoptera, and one of the oldest in 
the world. The Crato Formation is considered one of the most important 
world Konservat-Lagerstätten (Martill et al., 2007). The fossil insects of 
this locality are preserved as three-dimensional, mineralized replicas 
with details visible at the micrometer scale. Several recent studies have 
demonstrated that Crato insects have been preserved by iron oxides after 
framboidal pyrite (Delgado et al., 2014; Osés et al., 2016). 

Here, we report a new record of the extinct genus Meiatermes: 
M. cretacicus n. sp. from Crato Formation, Early Cretaceous (Aptian) of 
Brazil, which is of significance for the paleodiversity and paleobiogeo
graphical distribution of primitive termites in the Neotropical region. 

2. Material and methods 

The fossils examined in the present work were gathered from the 
collections of the Centro de Ciências Naturais e Humanas, Universidade 
Federal do ABC, Santo André, Brazil (CCNH 73 a/b; CCNH 74; CCNH 75; 
CCNH 76; CCNH 77; CCNH 78; CCNH 79; CCNH 80; CCNH 81; CCNH 82; 
CCNH 87; CCNH 88; CCNH 89; CCNH 90; CCNH 91; CCNH 92; CCNH 93 
and CCNH 94, see supplementary material) and Laboratório de Pale
ontologia, Universidade Federal do Ceará, Fortaleza, Brazil (LP/UFC 
CRT 552, LP/UFC CRT 546, LP/UFC CRT 604 and LP/UFC CRT 605, see 
supplementary material). The specimens were collected from the Três 
irmãos quarry in Nova Olinda, Ceará, northeastern Brazil. Fossils were 
prepared using a fine needle to remove overlying pieces of the carbo
natic matrix. All measurements were made using an ocular micrometer 
and are given in millimeters. All photographs were taken with a Nikon 
D7100 digital camera. Illustrations were prepared with the aid of a 
camera lucida attached to an Olympus C011 microscope. Simplified 
drawings were prepared using Adobe Photoshop and designated 

according to the system Comstock-Needham (1898). 

3. Geological setting 

The Araripe Basin belongs to the Araripe–Potiguar Depression 
(Mabesoone et al., 1994), located in NE Brazil, at the central part of the 
Borborema Province (Fig. 1). The pre-Mesozoic basement of this region 
consists of Precambrian metasedimentary rocks and migmatite terrains. 
This basement was affected by extensive Jurassic–Cretaceous rifting 
processes related to the split between South America and Africa during 
the break-up of Gondwana (Mabesoone, 1994; Ponte and Ponte Filho, 
1996). Pre-rift and syn-rift stages took place during Jurassic to Early 
Cretaceous deposition of alluvial and fluvial-lacustrine successions 
(Brejo Santo, Missão Velha, and Abaiara Formations). After a significant 
erosive episode, the Aptian post-rift I sequence (Assine, 2007) corre
sponds to the Santana Group, which, according to most current in
terpretations, consist of fluvial, lacustrine, and transitional marine 
depositions (Barbalha, Crato, Ipubi, and Romualdo Formations, 
respectively). 

Among all the other lithostratigraphic units, the Crato Formation 
stands out for its fossil fauna and flora, remarkable either in therms of 
preservation and abundance. The Crato fossil beds represent one of the 
most productive fossil sites of Gondwana. The Crato Formation consists 
of micritic laminated limestone layers several meters thick inter-bedded 
with shales and sandstones, whose origin is attributed to trans
gressive–regressive events associated with a lacustrine system (Neu
mann 1999; Neumann et al., 2003). The high-fidelity preservation of the 
Crato fossils suggests that the depositional environment was restricted 
and deficient in oxygen avoiding the rapid degradation of the organism 
tissues (Osés et al., 2016, 2017). According to Martill and Heimhofer 
(2007), the Crato Formation can be divided into four different members, 

Fig. 1. Simplified map showing the location of the Crato Formation. A. The map of the South American continent shows the position of some states in northeastern 
Brazil. B. Araripe Basin position on northeastern Brazil. C. Generalized map of the Araripe Basin. 
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from bottom to top: the Nova Olinda, Caldas, Jamacaru, and Casa de 
Pedra Members. The Nova Olinda Member represents the lowermost 
limestone bed and hosts the Crato Fossil Lagerstätte (Heimhofer et al., 
2010). According to Neumann et al. (2003), these limestones can be 
distinguished between two types of carbonate facies: clay–carbonate 
rhythmites, represented by fine limestones with variable detrital com
ponents; and laminated limestone, which represents the very regular 
limestone banding. 

4. Results 

Systematic paleontology. 
Infraorder Isoptera Brullé, 1832 
Clade Euisoptera Engel et al., 2009 
‘Meiatermes Grade’ (sensu Engel et al., 2007). 
Genus Meiatermes Lacasa-Ruiz et Martínez-Delclòs (1986). 
Type species: Meiatermes bertrani Lacasa-Ruiz et Martínez-Delclòs 

(1986). 
Meiatermes cretacicus n. sp. (Figs. 2–5) Figure 2 – 2-column. 

4.1. Derivation of name 

The specific name refers to the Cretaceous period, the time interval 
when the fossil species lived, Cretaceous of the Araripe Basin. 

4.2. Material 

Holotype: Imago, indeterminate (Figs. 2 and 3), specimen CCNH 73 
a/b, preserved in dorsal view on two yellow limestone slabs with 
extended wings, legs, and antenna not preserved. Further specimens are 
alate with at least one extended wing (visible veins) and poorly pre
served body portions. Most of the studied specimens lack enough diag
nostic features, we are unable to accurately find out their taxonomic 
position. CCNH 76, CCNH 77, and CCNH 78 tentatively belong to 
Meiatermes sp., based on their body proportions and venation pattern. 

4.3. Type locality and horizon 

Chapada do Araripe, vicinity of Nova Olinda, southern Ceará, 
northeastern Brazil. Laminated limestones, Lower Cretaceous, Group 
Santana, Upper Aptian, Crato Formation (Assine et al., 2014), Nova 
Olinda Member (Martill, 2007). 

4.4. Diagnosis 

Small body-size termite. Head rounded, lateral borders slightly 

rounded, and Y-shaped line present. Pronotum slightly broader than 
head, anterior border concave, lateral borders broadly rounded, and 
posterior border slightly straight. Forewing veins Sc, R, Rs, and M more 
heavily pigmented than CuA. Rs extensively branched and encompass
ing majority of the posterior wing margin. M branching near wing 
midlength with only two branches. CuA well-developed, with modest 
posterior branches terminating on inner margin of the wing. Cerci short 
and three-segmented. 

4.5. Description 

Imago. Total body length without wings 7.0 mm, width without Fig. 2. Photomicrograph of Meiatermes cretacicus n. sp. (CCNH 73a).  

Fig. 3. Photomicrograph of Meiatermes cretacicus n. sp. (CCNH 73 b).  

Fig. 4. Camera lucida drawings of Meiatermes cretacicus n. sp. (CCNH 73a). A. 
Holotype specimen. B. Venation of the left forewing. C. Drawing of cercus. 
Abbreviations: Sc (subcosta); R1 (radius); Rs (radial sector); M (media); CuA 
(cubitus anterior); CuP (cubitus posterior). 
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wings 2.7 mm. Head longer than wide, length of head about 1.9 mm, 
width 1.7 mm. Head rounded and robust, posterior border gently 
rounded. Compound eye semicircular, occupying about a half of the 
lateral edge of the head. Ocelli and fontanelle not visible, or absent. Y- 
shaped coronal ecdysial cleavage line poorly preserved. Pronotum large, 
flat, and slightly broader than head, anterior border concave, lateral 
borders gently convex. Length of forewing 8 mm, veins with re
ticulations throughout, basal suture weakly convex, Sc, R, and Rs more 
strongly pigmented than the remainder of veins. Sc simple, terminating 
on costal margin near one-third. R1 simple terminating on costal margin 
anteriorly to the wing half. Rs elongate, with at least six and numerous 
sub-branches, radial field terminating on costal margin and greatly 
expanded apically. M branching anteriorly to the wing midlength and 
two primary branches, with two secondary branches, terminating 
slightly posterior to wing apex. CuA branching across its length. CuP 
weakly convex. Hindwing without basal suture, Rs elongate, with 
numerous branches and sub-branches, M elongate, branching just 
beyond wing midlength. Abdomen relatively cylindrical, styli not pre
sent. Cercus very short, three-segmented, cercal articles displaying 
approximately the same length. 

4.6. Remarks 

Meiatermes cretacicus n. sp. is placed in the genus Meiatermes Ruiz et 
Martínez-Delclòs (1986) based on overall body-size, head rounded, 
compound eye semicircular with a moderate size, pronotum slightly 
wider than the head, venation pattern of the forewing and cerci three- 
segmented. 

Krishna (1990) was the first to propose the presence of the genus 
Meiatermes in the Crato Formation, when he described Meiatermes ara
ripena. Fontes and Vulcano (1998, 2004) transferred the species to 
Cretatermes Emerson (1986). Later, Martins-Neto et al. (2006) created a 
new genus, Nordestinatermes, to place this species. After a thorough re
view, Grimaldi et al. (2008) returned araripena to Meiatermes. Grimaldi 
et al. (2008) arguing that prior proposals of new species, or even new 
subfamilies, have been made by different authors (e.g. Martins-Neto 
et al., 2006) based on trivial or plastic characters. Based on body size, 
wing length, pronotal shape, venation pattern and the number of tar
someres, Grimaldi et al. (2008) considered the species Caatingatermes 
megacephalus Martins-Neto et al. (2006); Araripetermes nativa Martins-
Neto et al. (2006) (nomen incorrectum, recte: nativus) and Nordestina
termes obesa Martins-Neto et al. (2006) (nomen incorrectum, recte: obesus) 
as nomina dubia, most likely synonyms of Meiatermes araripena. In this 
context, we followed Grimaldi et al. (2008) who accepted that only two 
species of Meitermes (M. araripena and M. hariolus) occur in the Araripe 
Basin. 

Meiatermes cretacicus n. sp. exhibits approximately the same pro
portions as the other termites described for the Crato Formation, except 
Cratomastotermitidae. Features such as wing venation, pronotal shape, 
wing length, and body proportions make the new taxon similar to 
M. araripena, M. bertrani and M. hariolus. Despite such similarities, 
M. cretacicus differs from these species by several characters. Within 
Meiatermes, M. cretacicus n. sp. can be distinguished from M. araripena 
Krishna (1990) by the body length smaller, pronotal hind margin 
without a median concavity and cerci short, trimerous, with approxi
mately the same length. It also differs from M. bertrani by Sc terminating 
on costal margin near one-third of the wing length (most of the repre
sentatives of M. bertrani closer to one-half the wing length), R1simple 
without branches and radial field with consistent width. While 
M. cretacicus n. sp. has three cercal articles, M. hariolus has five. 

5. Discussion 

The taxonomy of the Crato termites has been the subject of many 
problems, most of these mistakes being resolved in a comprehensive 
review by Grimaldi et al. (2008). The following six species are consid
ered valid for the Crato Formation: Cratokalotermes santanensis Bechly 
(2007), Cratomastotermes wolfschwenningeri Bechly (2007), Cretarhino
termes novaolindense Bechly (2007), Mariconitermes talicei Fontes et 
Vulcano (1998), Meiatermes araripena Krishna (1990) and Meiatermes 
hariolus Grimaldi et al. (2008). 

The other taxa (5 species) are considered invalid species because 
they are based on non-robust characters (Grimaldi et al., 2008). These 
are: Araripetermes nativa Martins-Neto et al., (2006) (nomen incorrectum, 
recte: nativus), Caatingatermes megacephalus Martins-Neto et al., (2006), 
Cretatermes pereirai Fontes et Vulcano (1998) and Nordestinatermes obesa 
Martins-Neto et al. (2006) (nomen incorrectum, recte: obesus). 

Crato termites are one of the oldest in the world – being only younger 
than the termites from the Lebanese amber (Barremian), Baissa and 
Chernovskie Kopi localities (Engel et al., 2007; Vršanský and Aristov, 
2014) and Weald Formation from the Hauterivian of the United 
Kingdom (Jarzembowski, 1981; Engel et al., 2007, 2011). Baissatermes 
lapideus, Mastotermes nepropadyom and Santonitermes transbaikalicus 
from Baissa and Chernovskie Kopi localities, respectively, were thought 
to be Jurassic in age, but recent works have shown that they are 
younger, from the Early Cretaceous, still older than the Isoptera repre
sentatives of the Crato Formation (Engel et al., 2007; Vršanský and 
Aristov, 2014; Wolfe et al., 2016). Although phylogenetic studies sug
gest the origin of the termites in the Late-Middle Jurassic or earlier 
(Engel et al., 2009; 2016; Ware et al., 2010; Buček et al., 2019; Zhao 
et al., 2019), it is in the Cretaceous when they appear in the fossil record, 
already showing substantial diversity. The high diversity of termites can 
be confirmed in the Hukawng Valley in the amber mines in Kachin state, 
Cenomanian of the Myanmar (Zhao et al., 2020a, 2020b). 

All Crato species are large-bodied termites and present pronotum 
that are as wide or wider than the head, except Cratokalotermes santa
nensis. Broader pronotum and larger body are features that strongly 
place them within lower termite taxa. Cratomastotermes wolf
schwenningeri has one of the largest pronota among all termites. The 
large size, well-developed pronotal lobes, wing venation, and the broad 
hind wings with anal fan strongly suggest affinities with Mastotermiti
dae. However, phylogenetic analyses have supported Cratomastotermes 
as more basal and one of the first branches in the termite lineage (Engel 
et al., 2007, 2016). Even though it is the most primitive of the Crato 
termites, Cratomastotermes is still a monotypic genus and is extremely 
scarce. On the other hand, Meiatermes is distinctly more abundant in 
number of individuals than all the other Crato termite genera and shows 
substantial morphological plasticity (mainly M. araripena). M. araripena 
displays a very large intraspecific variation in wing venation. For 
example, R2 can be present or absent; Rs with one or two inferior 
branches or sometimes none; M branching near, occasionally, beyond 
wing midlength with one or two primary branches and sometimes with 

Fig. 5. Camera lucida drawings of Meiatermes cretacicus n. sp. (CCNH 73 b).  
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secondary branches; and CuA with numerous branches, sometimes with 
secondary branches. A striking feature of M. cretacicus forewing is the 
presence of vein deformities. These deformities in the veins indicate the 
occurrence of significant mass mutations, which apparently appear in 
response to environmental stress (Vršanský, 2005; Vršanský et al., 
2017). 

Regarding the wings, Crato termites share specific traits with other 
basal termites such as dense reticulate pattern present between the 
veins; multiple Rs branches with a comparatively extensive field (except 
for C. novaolindense); M having at least two branches (Fig. 6). These 
features are plesiomorphic in Isoptera (Engel et al., 2007, 2016; Gri
maldi et al., 2008). They were derived most basally along with crato
mastotermites, mastotermites and pabuonqed (Vršanský et al., 2019a, 
2019b). The presense of other primitive termites discovered in Burmese, 
Lebanese and Spanish ambers (Engel and Delclòs, 2010; Engel et al., 
2011; Sánchez-García et al., 2020; Zhao et al., 2020a, 2020b ) and 
Transbaikalia (Engel et al., 2007), suggests that there was a well 
diversified and widely distributed grade of basal termites during the 

Cretaceous. 

6. Conclusion 

A new species of Meiatermes cretacicus n. sp., is described for the 
Crato Formation, Araripe Basin, Aptian of Brazil. Its discovery is 
important as it improves our knowledge on the diversity of primitive 
termites in the Early Cretaceous of Gondwana. The new taxon shares 
features with the basal-most termites belonging to the Meiatermes-grade. 
The presence of several different primitive termites in amber-bearing 
deposits (Albian and Cenomanian) of Europe and Asia has shown that 
Isoptera was rather diverse and abundant during the Cretaceous, shortly 
after they diverged from their roach relatives in the Late-Middle 
Jurassic/Early Cretaceous. The taxonomy of Crato termites has always 
been the subject of debate, more studies and new specimens will 
hopefully provide a more complete understanding of their taxonomy, 
relationships to other isopteran lineages, and paleoecology. 

Fig. 6. Forewing venation patterns (without reticulated veins) of the termites from the Cretaceous Crato Formation. Redrawn from Grimaldi et al. (2008).  
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Brasil). Ph.D. thesis. Universitat de Barcelona. 

Neumann, V.H., Borrego, A.G., Cabrera, L., Dino, R., 2003. Organic matter composition 
and distribution through the Aptian-Albian lacustrine sequences of the Araripe 
Basin, northeastern Brazil. Int. J. Coal Geol. 54, 21–40. 

Osés, G.L., Petri, S., Becker-Kerber, B., Romero, G.R., Rizzutto, M.A., Rodrigues, F., 
Galante, D., Silva, T.F., Curado, J.F., Rangel, E.C., Ribeiro, R.P., Pacheco, M.L., 2016. 
Deciphering the preservation of fossil insects: a case study from the Crato Member, 
Early Cretaceous of Brazil. PeerJ 4, 1e28. 

Poinar, G.O., 2009. Description of an Early Cretaceous termite (Isoptera: kalotermitidae) 
and its associated intestinal Protozoa, with comments on their coevolution. Parasites 
Vectors 2, 12. 

Ponomarenko, A.G., 1988. New mesozoic insects. Transactions of the Joint Soviet- 
Mongolian Paleontological Expedition 33, 71–80. 

Ponte, F.C., Ponte Filho, F.C., 1996. Evolução tectônica e classificação da Bacia do 
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