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only poorly preserved. If they are recognizable in a beetle 
fossil, the difference between tergites and sternites is dis-
tinct, as the latter have a different shape (evenly tapering 
twords the abdominal apex) and are more heavily scle-

rotized. For this fossil, we can defi nitely say that the pre-
served abdominal sclerites are sternites. The abdominal 
feature is clearly present in the fossil described here and 
tentatively confi rms an assignment of the new species to 

Fig. 7. Metatibia morphological variations of extant and extinct Glaresidae. Relative warps computed from the data set of 60 semi-land-
marks, plotted against one another to indicate positions of the relationships among species relative to one another and to the reference 
confi guration (situated at the origin). B: Metatibia morphological difference of extant and extinct Glaresidae based on CVA. C: Minimum 
spanning tree mapped onto a PCA plot.
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Glaresidae. This is at least tentatively supported by the 
comparison of the head shape between Glaresidae and 
Aphodiinae, which places the fossil species described 
here in the glaresid cluster but the aphodiine outgroup 
taxon clearly outside. 
 Another typical and derived feature of Glareside is 
a deep incision between the clypeus and the genal can-

thus. However, this not only apparently missing in Gla­
resis tridentata, but also in the other described fossils 
and two extant species, Glaresis arenata and Glaresis 
handlirschi. It is conceivable that the absence is a ple-
siomorphic feature in these species, and the presence an 
apomorphy linking the glaresids sharing this conspicu-
ous derived feature. However, presently it cannot be fully 

Fig. 8. Aedeagus morphological variations of extant and extinct Glaresidae. Relative warps computed from the data set of 30 semi-
landmarks, plotted against one another to indicate positions of the relationships among species relative to one another and to the reference 
confi guration (situated at the origin). B: Aedeagus morphological difference of extant and extinct Glaresidae based on CVA. C: Minimum 
spanning tree mapped onto a PCA plot.
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excluded that the apparent absence in the fossils is an 
artifact and that the incision is secondarily missing in the 
two extant species. Besides this, a reliable interpretation 
of the character evolution would require a formal phy-
logenetic analysis with a broad spectrum of characters, 
which would be beyond the scope of this contribution. 
	 Lithoglaresis Nikolajev was erected as a new genus 
based on the thin mesotibiae combined with mesofem-
ora broader than in any other glaresid species (Nikola-
jev 2007, 2009). These features are absent from the new 
species. The diagnosis of Cretoglaresis, another new ge-
nus erected by Nikolajev (2009), includes the shape of 
the meso- and metatibiae, which are much more slender 
than in Glaresis, and the dilated apex of the metatibiae 
(Nikolajev 2007, 2009). No explicit differential diagno-
sis separating Cretoglaresis from Glaresis was provided. 
Only the distal part of the mesotibia is preserved in the 
fossil described here, which is close to Glaresis but differs 
distinctly from the condition in Cretoglaresis (Fig. 7). 
	 We tentatively place our new species in the genus 
Glaresis as its accessible characters are compatible with 
the current concept of this genus based on Principal 
Component Analysis (PCA), Canonical Variate Analysis 
(CVA), Discriminant function analysis (DFA) and Mini-
mum Spanning Tree (MST) approaches, but do not match 
with those described for Nikolajev’s genera (Nikolajev 
2007, 2009). 

	 Presently the classification of Glaresidae with three 
separate genera  –  Glaresis, Lithoglaresis and Cretogla­
resis  –  lacks a phylogenetic basis. As it was pointed out 
in Komarek & Beutel (2006) it is insufficient to erect 
new genera (or other supraspecific taxa) exclusively 
based on autapomorphies, without clarifying the mono-
phyly of the remaining groups. It is conceivable that 
Nikolajev’s genera (Nikolajev 2007, 2009) have evolved 
specialized features, but are in fact deeply nested within 
Glaresis. Autapomorhies of this genus (excl. Lithoglare­
sis and Cretoglaresis) are not available. The relationships 
and taxonomic issues have to be addressed with a phy-
logenetic analysis including a representative sampling 
of extant and extinct terminals and a broad spectrum of 
characters. 
	 The few features of the head analyzed here using 
geometric morphometrics underline the limitation of 
morphological data that can be obtained from most fossil 
beetles. Nevertheless, our results clearly support that the 
new species differs distinctly in its head shape from other 
extinct and extant Glaresidae, especially in the shape of 
the ocular epicanthus and the anterior clypeal margin. Al-
though the fossils are quite distinctly separated from the 
extant species in the plot (Fig. 6), the head morphology 
of the extinct species is within the morphological varia-
tion of Glaresis, which supports the validity of the sug-
gested phylogenetic position of Glaresis orthochilus and 

Table 2. Shape differences between Glaresis tridentata Bai, Beutel & Ren sp. nov. and extinct or extant glaresid groups (permutation 
test=10000).

Head Metatibia Aedeagus

Extinct glaresid Extant glaresid Extinct glaresid Extant glaresid Extinct glaresid Extant glaresid 

Mahalanobis 
distances

18.8003 10.7039 150.0336 101.6593 11.3281 14.6102

P-values 0.0136 < 0.0001 0.3337 0.0042 < 0.0001 0.0275
Procrustes 
distances

0.1240 0.1085 0.1071 0.1800 0.0561 0.0716

P-values 0.0623 0.0471 1.0000 0.0631 1.0000 0.3636

Table 3. Percentage of extinct or extant glaresid groups correctly assigned, compared with Glaresis tridentata Bai, Beutel & Ren sp. nov. 
using the Discriminant Function Analysis (DFA) (permutation test=1000).

Head Metatibia Aedeagus

Extinct 
glaresid 

Extant 
glaresid 

Extinct 
glaresid 

Extant 
glaresid 

Extinct 
glaresid 

Extant 
glaresid 

Correctly assigned 
(discriminant function) 5 113 1 111 – 24

Percentage correctly 
assigned 100% 100% 50% 100% – 100%

Correctly assigned 
(cross-validation) 5 101 2 111 – 23

Percentage correctly 
assigned 100% 89.4% 100% 100% – 95.8%

Procrustes distances 0.12402267 0.10845928 0.10709769 0.18002708 – 0.07163842
Mahalanobis distance 2.5389 10.3606 0.2690 103.3319 – 14.6102
T-square 12.0861 313.6973 0.0483 10582.1400 – 204.9210
P-values 0.8649 1.0000 0.8623 0.7127 – 0.8782
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Glaresis tridentata sp. nov. in this genus. Furthermore, 
the head shape of the two fossil genera represented by 
Cretoglaresis ovalis and Lithoglaresis ponomarenkoi is 
much closer to extant species, such as Glaresis oxiana, 
G. rufa and G. thiniensis, which supports the view that 
the generic status may be phylogenetically unjustified in 
both cases as pointed out above.
	 The metatibial shape of Glaresis tridentata sp. nov. 
is similar to the condition in an extinct species, Glare­
sis orthochilus, but distinctly separated from that of ex-
tant species in the geometric morphometric plot (Fig. 7). 
Unique features are the outer metatibial margin lacking 
any projection and the strongly dilated apex. The other 
three glaresid fossil species, Cretoglaresis nana, Glare­
sis cretacea, and Glaresis orthochilus, are also distinctly 
separated from modern species. The metatibial morpho
logy was used as a major diagnostic character for Cre­
toglaresis, which is compatible with our results. 
	 The geometric morphometric analysis suggests that 
the aedeagi differ greatly between extinct and extant spe-
cies of Glaresidae (Fig. 8). A sharp apex is apparently 
always present in the extinct species. The shape varies 
greatly in the extant species, but the acuminate apical 
region is always lacking. This is difficult to interpret 
phylogenetically. However, in this case artifacts in the 
fossils may play an important role, making a reliable 
evaluation problematic. An important point underlining 
this uncertainty is that it was not possible to distinguish 
the parameres and the phallobase. Additionally, the para-
meres are a movable part of the aedeagus, which could 
cause a considerable error in the geometric morphomet-
ric result. Consequently, characters of the intromittent 
organ should presently not be used in a phylogenetic and 
taxonomic context. Apparently further evidence and im-
proved techniques and methods are needed to solve these 
problems. 
	 Similar to Glaresis orthochilus, Glaresis tridentata 
sp. nov. is larger than any extant Glaresidae species, with 
ca. 8 mm body length versus 2.5 – 6 mm (Scholtz & Gre-
bennikov 2005). This clearly suggests that ancestral spe-
cies of Glaresidae were larger than today and the small 
size of extant species is a derived condition in this fam-
ily. Our results also confirm that the hypothesized sister 
group of all other extant Scarabaeoidea (Scholtz et al. 
1994; Bai et al. 2010, 2013) was already established dur-
ing the Early Cretaceous.
	 A formal phylogenetic character evaluation including 
all described fossil glaresids would be beyond the scope 
of the present study. Moreover, the scarcity of characters 
observable in the extinct species would likely have a neg-
ative impact on the results, i.e. result in a poorly resolved 
phylogeny. Even though the results presented here do not 
reflect a phylogenetic pattern but phenetic affinities, i.e. 
similarity, they tentatively suggest that all fossil species 
should be contained in one genus Glaresis until there is 
clear evidence for two or more clearly defined monophy-
letic subunits of the family. 
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