
Additional file S1. Additional information on fossil taxa and justifications on ages of geological 
formations and amber deposits. 
 

• †Elaterophanes vetustus (Brodie 1845) /  
Elateroidea, Elateridae 

 It is a compression fossil represented by two specimens. Its type locality is Apperley 
(Gloucestershire), which is in a Hettangian terrestrial horizon in the United Kingdom. This fossil was 
described in Brodie [1] and was further recombined into Elaterophanes vetustus in Whalley [2]”. For 
this fossil, we used the upper bound (199.0 Myr) of the Hettangian Stage (201.0 - 199.0 Ma; [3]) to set 
a minimum age for the root node. This fossil was clearly assigned to the family Elateridae by Whalley 
[2], who also suggested that it belongs to the tribe Hypnomorphini based on the shape of the femoral 
plates on the hind coxae and of the closure of the prosternal suture.  
 

• †Anhuistoma hyla Lin 1985 /  
Cleroidea, Trogossitidae 

Anhuistoma hyla was described by Lin [4]. Its type specimen is 2p43-H26-243, an exoskeleton 
(missing head), and it is an impression. Its type locality is Pengzhuang village, Hanshan County, 
which is in a Bajocian/Bathonian terrestrial sandstone/mudstone in the Hanshan Formation of 
China. For this fossil, we used the upper bound (166.0 Myr) of the Bathonian Stage (168.0 - 166.0 Ma; 
[3]) to set a minimum age for the crown/stem of Cleroidea. The assignation of Anhuistoma hyla to 
Cleroidea (and more specifically to the family Trogossitidae) was confirmed in the review of Schmied 
et al. [5].  
 

• †Eumolpites jurassicus Martynov 1926 /  
Chrysomeloidea, familia incerta 

 Eumolpites jurassicus was described by Martynov [6]. It is an impression. Its type locality is 
Karatau (PIN collection 2452), which is in a Callovian/Oxfordian lacustrine siltstone in the 
Karabastau Formation of Kazakhstan. The geologic age of the Formation is still disputed, with 
estimates ranging from the Callovian to Oxfordian/Kimmeridgian Stages [7]. To avoid any potential 
biases we chose to use as a minimum age constraint the youngest age estimate (Kimmeridgian Stage) 
for this geological formation, which is based on paleoenvironmental [8] and floral assemblage [9] 
analyses. The same conservative choice was made in the study of Hunt et al. [10] and in several 
paleontological studies (e.g. [11,12]). As a result, for this fossil, we used the upper age (152.0 Myr) of 
the Kimmeridgian Stage (157.0 - 152.0 Ma; [3]) to set a minimum age for the crown/stem of 
Chrysomeloidea. According to Martynov, Eumolpites jurassicus is related to extant members of the 
subfamily Eumolpinae [6]. However, this precise assignment is possibly doubtful [13], in a way 
similar to those of other fossil chrysomelids from the same geological formation [13,14], which 
present cerambycid-like feature such as long antennae. Here we only consider this fossil as the earliest 
representative of the chrysomeloid lineage. By doing so, we also follow the views of Santiago-Blay 
[13] that considers that older reports of chrysomelid beetles are questionable.  
 

• †Belonotaris punctatissimus Arnoldi 1977 /  
Curculionoidea, Nemonychidae 

Belonotaris punctatissimus was described by Arnoldi [15]. Its type specimen is PIN 2452/422, 
an exoskeleton, and it is a compression fossil. Its type locality is Karatau, which is in a lacustrine 
siltstone in the Karabastau Formation of Kazakhstan”. For this fossil, we used the upper age (152.0 
Myr) of the Kimmeridgian Stage (157.0 - 152.0 Ma; [3]) to set a minimum age for the crown/stem of 
Curculionoidea. The placement of this fossil in Curculionoidea (and more specifically to the family 



Nemonychidae) was confirmed in the recent review on Mesozoic Curculionoidea by Legalov [16]. 
Numerous fossils of Curculionoidea are known from the same geological formation [16-18]. 

 
• †Wuhua jurassica Wang and Zhang 2011 /  

Tenebrionoidea, familia incerta 
Wuhua jurassica was described by Wang and Zang [19]. Its type specimen is NIGP 149548, 

an exoskeleton (nearly complete beetle), and it is a compression fossil. Its type locality is Daohugou, 
which is in a Callovian/Oxfordian lacustrine - extensive shale in the Jiulongshan Formation of China. 
It is the type species of Wuhua”. As underlined by Wang and Zang [19], its tarsal formula 5-5-4 
(heteromerous tarsi) undoubtedly places it in Tenebrionoidea. However, because of it is unusual 
combination of morphological characters it is not possible to place it in any existing family [19]. For 
this fossil, we used the upper age (157.0 Myr) of the Oxfordian Stage (164.0 - 157.0 Ma;3) to set a 
minimum age for the crown/stem of Tenebrionoidea. 

 
• Undescribed Pyrochroidae in Kirejtshuk et al. (2010b) /  

Tenebrionoidea, Pyrochroidae 
Unequivocal and diverse undescribed fossils from the family Pyrochroidae are represented in 

the Liaoning (Yixian) Formation [20]. The age of the Yixian Formation formerly was a contentious 
issue, with estimates ranging from the Late Jurassic to the Early Cretaceous [21,22]. This formation is 
constituted of lacustrine sediments intercalated with volcanoclastics [20]. Radiometric analyses 

[23,24] using 
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Ar provided estimates of 124.6 ± 0.1 Myr and 125.0. ± 0.18 Myr from three 

different tuff layers (in the ‘Jianshangou beds’), which are in agreement with a 
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of 125.2 ± 0.9 Myr for the same beds. An older age (
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Ar dating of 139.4 ± 0.19 Myr) was also 
inferred when analysing the basalt capping in the lowermost ‘Lujiatun beds’, thus suggesting a 
Hauterivian age for the base of the Yixian Formation [25]. Here we used the boundary between the 
Barremian and the Aptian Stages to set a minimum age of 126.0 Myr for the crown/stem of the 
Pyrochroidae. 

 
• †Praemordella martynovi Scegoleva-Barovskaja 1929 /  

Tenebrionoidea, Mordellidae 
Praemordella martynovi is considered as the earliest known occurrence of mordellids [26]. It 

is a nearly complete impression fossil with a distinctive mordellid wedge-shaped body and a terminal 
distinctive pygidium [26]. Its type locality is Karatau, which is in lacustrine siltstone within the 
Karabastau Formation of Kazakhstan”. For this fossil, we used the upper age (152.0 Myr) of the 
Kimmeridgian Stage (157.0 - 152.0 Ma; [3]) to set a minimum age for the crown/stem of Mordellidae. 
The same fossil calibration was used in the study of Hunt et al. [10]. 

 
• †Camelomorpha longicervix Kirejtshuk, Azar and Telnov 2008 / Tenebrionoidea, 

Anthicidae 
Camelomorpha longicervix was described by Kirejtshuk et al. [27]. Its type specimen is 

MNHN Azar 846, an exoskeleton, and it is an inclusion in amber. Its type locality is Mdeyrij-
Hammana, Casa Baabda (Azar collection), which is an Aptian terrestrial amber in Lebanon. It is the 
type species of Camelomorpha”. Though the ages of Lebanese amber may range from the Late 
Jurassic to the Albian Stage, the fossiliferous outcrops are approximately of the same age and are 
mainly late Barremian to early Aptian Stages [28-29]. For this site, we specified a minimum age of 
120.0 Myr (see also [30]) that is slightly more conservative than the estimates of 125.5 - 122.5 Ma 
provided by the Paleobiology Database. This value was used to set a minimum age for the crown/stem 



of Anthicidae. Because of the excellent state of preservation of the specimen, its description is 
extremely complete and detailed [31] and its assignment is secure.  

 
• Undescribed Aderidae in Kirejtshuk and Azar (2008) and Kirejtshuk et al. (2009) /  

Tenebrionoidea, Aderidae 
Unequivocal fossils from the family Aderidae are well represented in the Lower Cretaceous 

Lebanese amber27. Most of the material comes from the Mdeyrij-Hammana deposit [31]; therefore we 
used the value that was defined previously (120.0 Myr) to set a minimum age for the crown/stem of 
Aderidae.   

 
• †Jurallecula grossa Medvedev 1969 /  

Tenebrionoidea, Tenebrionidae 
From the Paleobiology Database (paleodb.org): “Jurallecula grossa was named by Medvedev 

[32]. Its type specimen is PIN 2239/1064, an exoskeleton (complete beetle), and it is an impression. Its 
type locality is the Mikhailovka locality (PIN collection 2239), which is in the large siltstone in the 
Karabastau Formation of Kazakhstan. It is the type species of Jurallecula”. For this fossil, we used the 
upper age (152.0 Myr) of the Kimmeridgian Stage (157.0 - 152.0 Ma; [32]) to set a minimum age for 
the crown/stem of Tenebrionidae. Based on the connation of the basal abdominal ventrites and 
heteromerous tarsi, this fossil can be clearly assigned to the family Tenebrionidae [33]. Though this 
fossil was tentatively assigned to the subfamily Alleculinae by Medvedev [32], it is not possible to 
place it in any existing alleculine tribes [34]. The presence of pectinate claws also only partially point 
toward Alleculinae, as several alleculine species do not possess this character [33]. In addition, the 
presence of pectinate claws is a potentially homoplasious character, as they are present in several other 
tenebrionoid groups, including the enigmatic Wuhua jurassica. Therefore we cannot exclude the 
hypothesis that this fossil is a representative of an extinct lineage of tenebrionid beetles, with a unique 
combination of characters. In a conservative way we only assigned it to the crown/stem of 
Tenebrionidae. 

 
• Undescribed Alleculinae in Kirejtshuk et al. (2010b) /  

Tenebrionoidea, Tenebrionidae 
Unequivocal and diverse undescribed fossils from the subfamily Alleculinae are well 

represented from the Yixian Formation of Liaoning Province, northeastern China [20]. All these 
fossils originate from the Yixian Formation [20]; therefore we used the value that was defined 
previously for this Formation (upper age of the Barremian Stage, 131.0 - 126.0 Ma; [3]) to set a 
minimum age of 126 Myr for the crown/stem of Alleculinae. 

 
• †Bolitophagus sp. / †Isomira avula Seidlitz 1898 / †Pentaphyllus cioides Kirejtshuk et 

al. 2008 / †Tribolium sp. / †Uloma sp. /  
Tenebrionoidea, Tenebrionidae 

All these fossils are well-preserved specimens that have been found in Eocene Baltic amber 
[34-36]. Both stratigraphic [37,38]; and K-Ar radiometric studies [39] correlate and indicate that 
Baltic amber is of middle Lutetian Age, about 44.0 Ma [40]. A recent review made by Wolfe et al. 
[41] also supports this minimum age for the Baltic amber. Therefore we used this value to a minimum 
age of 44.0 Myr for the crown/stem of all these genera. 

 
• †Platydema antiquorum Wickham 1912 /  

Tenebrionoidea, Tenebrionidae 



Platydema antiquorum was described by Wickham [42]. It is a compression fossil. Its type 
locality is Florissant, Station 17, which is in a lacustrine shale assigned to a Chadronian land-mammal 
Age in the Florissant formation of Colorado. This species is one of the two Platydema species that 
have been described from the latest Eocene Florissant Formation of Colorado [42,43]. Based on 
stratigraphic [44] and K-Ar radiometric studies [45], the age of this Formation is estimated to be 
Priabonian (37.8 - 33.9 Ma; [3]). Therefore we use the upper bound of this Stage to set a minimum age 
of 33.9 Myr for the crown/stem of this genus. In addition to their general shape, the assignment of 
these fossils to the genus Platydema is supported by the diaperine shape of the palpus (with a terminal 
subtriangular joint) and by the distinct scutellar striae.  

 
• †Lorelus angulatus Doyen and Poinar 1994 /  

Tenebrionoidea, Tenebrionidae 
This species is one of the four Lorelus species that have been described in the study of Doyen 

and Poinar [46]. All these fossils are well-preserved specimens that have been found in likely early 
Miocene Dominican amber [34,46]. While age estimates based on foraminifera counts range from 
15.0 to 20.0 Myr [47], older estimates based on coccoliths range between 30.0 to 45.0 Myr [48]. In a 
conservative way we used the upper boundary of 15.0 Myr to set a minimum age for the crown/stem 
of the genus Lorelus. Such a conservative choice limits the risk of overestimation of node ages and 
was made in previous studies relying on Dominican amber fossil calibrations (e.g. [49]).  

 
• †Gonocephalum pristinum Heyden and Heyden 1866 /  

Tenebrionoidea, Tenebrionidae 
This fossil species was found in the Late Miocene locality of Öhningen along the German-

Swiss border [34]. It is a compression fossil. In a conservative way we used the upper boundary of the 
Miocene 5.3 Myr to set a minimum age for the crown/stem of the genus Gonocephalum.  
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