
1 Introduction  
 

Anurognathids were a distinctive clade of small, early-
diverging non-pterodactyloid pterosaurs from the Middle 
Jurassic to Early Cretaceous of Eurasia (Lü and Hone, 
2012; Witton, 2013). They are easily distinguished from 
other  pterosaurs  by  a  large  number  of  diagnostic 
characters occurring throughout the skeleton but notably 
include an exceptionally short and broad skull, a wing 
finger capable of flexion at all joints, small, simple and 
peg-like teeth, and a short tail (see Fig. 1). Anurognathids 
have been interpreted as specialised insectivores, catching 
flying invertebrates on the wing in low light conditions 
(Bennett, 2007a). They were likely the only clade of non-
pterodactyloid pterosaurs to have crossed the Jurassic-
Cretaceous  boundary  (Hone  and  Benton,  2007). 
Anurognathids are rare, with less than a dozen specimens 
reported, and most of these having been discovered only in 
the last fifteen years (Bennett, 2007a; Gao et al., 2009; Lü 
and Hone, 2012; Jiang et al., 2015; Lü et al., 2018; Yang 
et al., 2019). 

 
1.1 History 

The first example of an anurognathid was described by 
Döderlein (1923) who named Anurognathus ammoni from 
the  Solnhofen  limestone  of  southern  Germany.  The 
holotype, and for many years the only specimen, is poorly 
preserved with numerous fragmented bones and calcite 
deposits on the joints making interpretation difficult (see 
Fig. 2). Nonetheless, it could clearly be identified as a new 
and unusual small pterosaur with an exceptionally broad 
and short skull  and a short  tail.  The reduced tail  in 
pterosaurs is an important apomorphy of pterodactyloid 
pterosaurs, yet despite this, Anurognathus was correctly 

assigned  to  the  órhamphorhynchoidsô  (i.e.  non-
pterodactyloid pterosaurs) by Döderlein (1923). 

The  second  anurognathid  specimen  became  the 
holotype of Batrachognathus which was discovered in the 
Jurassic Karatau beds of Kazakhstan in 1933, but only 
described fifteen years later (Ryabinin, 1948). Although 
preserved in far better condition than the holotype of 
Anurognathus,  the  specimen  was  incomplete,  lacking 
much of the postcranial skeleton. A second specimen of 
Batrachognathus was subsequently discovered, preserved 
in association with the holotype of the scaphognathine 
pterosaur Sordes which is on the same slab. However, this 
is yet to be described (see Unwin and Bakhurina, 2000). It 
was suggested by Ryabinin (1948) that Batrachognathus 
was closely related to Anurognathus and should perhaps 
be  included  in  a  new  subfamily  to  represent  this, 
apparently  unaware  that  Nopsca  (1928)  had  already 
erected the Anurognathinae for Anurognathus within the 
then family ranked Rhamphorhynchoidea. 

Due to the relatively poor preservation of Anurognathus 
and  the  incompleteness  and  inaccessibility  to  many 
scientists of Batrachognathus (the specimens were housed 
in the PIN in Moscow), the anurognathids (such as they 
were) became a footnote in pterosaur research which itself 
was largely neglected for the much of the Twentieth 
Century (Wellnhofer, 2008). They were certainly non-
pterodactyloids (Wellnhofer, 1975) and, based on their 
skull shape, perhaps had affinities with dimorphodontids 
(Wellnhofer, 1978) while the broad skull, peg-like teeth, 
and small size led to the assumption that they were aerial 
insectivores (Wellnhofer, 1975). 

Happily, a flurry of discoveries in the 1990s and early 
21st century have dramatically increased our knowledge of 
the  anurognathids.  Firstly,  Dendrorhynchoides was 
discovered in the now famously productive óJeholô beds of 
China (Ji and Ji, 1998) with a second specimen described 
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some years later (Lü and Hone, 2012). Dendrorhynchoides 
(Ji  and  Ji,  1998)  was  originally  named  as 
óDendrorhynchusô but as this name was preoccupied by a 
ribbon worm, and the pterosaur was given a replacement 
name by Ji et al. (1999). Initially Dendrorhynchoides was 
described as being most similar to Rhamphorhynchus in 
the proportions of the limbs (Ji et al., 1999), but this 
hypothesis  was  rapidly  abandoned  and 
Dendrorhynchoides was placed within the Anurognathidae 
with which it shares numerous apomorphies (Unwin et al., 
2000). The second specimen of Dendrorhynchoides (Hone 
and  Lü,  2010)  was  diagnosed  as  a  new species  D. 
mutoudengensis (Lü and Hone, 2012).  

Two specimens of Jeholopterus were described in 2002 
(Wang et al., 2002; Ji and Yuan, 2002) with each being 
largely  complete  and  with  extensive  soft  tissue 
preservation  ï perhaps  the  best  preserved  of  all 
anurognathids (Fig. 3). Both came from the Daohugou 
beds of what was then considered the Jehol Group in 
China and thus apparently marked the first record of a non
-pterodactyloid in the Cretaceous (though these beds are 
now considered Jurassic in age ï see Sullivan et al., 2014). 
Dalla Vecchia (2002) noted problems with the diagnosis 
of Wang et al. (2002) for Jeholopterus and suggested that 
the  referral  to  the  Anurognathidae  was  questionable. 
However, this is a problem of non-specific characters (e.g. 
óbody sizeô) being used which could be referred to other 
taxa (including other anurognathids), rather than an issue 
of incorrect assignment as made clear both by the large 
number of apomorphies Jeholopterus shares with other 
anurognathids (see below) and the position recovered in 
phylogenetic analyses (e.g. see Kellner, 2003). 

A largely complete, but poorly preserved, specimen has 
been described from North Korea (Gao et al., 2009), but 
little information is currently available about its anatomy 
or likely affinities, and a fragmentary specimen with a 
relatively long tail was identified by Jiang et al., (2015). 
Bennett  (2007a)  mentioned  a  possible  anurognathid 
sacrum  heralding  from  the  Late  Jurassic  Morrison 
Formation of North America, that was originally assigned 

to Mesadactylus (Jensen and Padian, 1989) but this has yet 
to be described, and the presence of a supraneural plate on 
this suggests it may belong to a pterodactyloid (Sprague 
and McLain, 2018). A partial forelimb of a ?juvenile 
pterosaur from the Middle Jurassic Bakhar Formation of 
Mongolia  has  been  identified  as  an  anurognathid 
(Bakhurina  and  Unwin,  1995).  However,  as  little 
information is available,  it  is  impossible to comment 
further on the specimenôs morphology or affinities (it has 
yet to be confirmed that it is indeed an anurognathid) and 
thus is not considered any further here. 

Most recently, Vesperopterylus (Lü et al., 2018) has 
been  named  and  briefly  described.  This  unusual 
anurognathid had a relatively small skull and apparently 
also a reversed first toe giving it some grasping ability. 
Finally,  one  more  anurognathid  has  appeared  in  the 
literature (Yang et al., 2019) which is undescribed but 
shows some unusual proportions but preserves extensive 
soft  tissues.  Thus  even  among  the  relatively  low 
morphological diversity of the anurognathids seen to date, 
there are still novelties being discovered.  

These newer specimens are in general nearly complete, 
mostly articulated and have some preserved soft tissues 
and add much needed information on these animals. Key 
among them is the second specimen of Anurognathus 
(Bennett,  2003,  2007a)  in  Germany  [Note:  as  this 
specimen lacks a catalogue number, it is referred to as óthe 
new specimenô throughout following Bennett, 2007a] 
which is perhaps the best preserved anurognathid known 
to  date (Fig.  2b).  Collectively,  these specimens have 
provided important insights into anurognathid anatomy 
and  have  greatly  advanced  our  knowledge  and 
understanding of the clade. Other specimens, which likely 
include new taxa (Hone, pers. obs.), are also in scientific 
collections and await description. 

Historically, the anurognathids have been difficult to 
place  within  pterosaur  phylogeny.  In  his  original 
description,  Döderlein  (1923)  correctly  identified 
Anurognathus as  a  órhamphorhynchoidô (i.e. non-
pterodactyloid) despite the poor condition of the material 
and the obvious pterodactyloid character of a short tail. A 
subfamily, Anurognathinae, was erected for the taxon by 
Nopsca (1928) and this was later elevated to family level 
status (Kuhn, 1937). Kuhn (1961) later suggested a link 
between  anurognathids  and  the  dimorphodontids  and 
rhamphorhynchines,  with  Wellnhofer  (1978)  also 
suggesting possible ties to the dimorphodontids.  Both 
Wellnhofer (1978) and Kuhn (1961) noted the large skull 
that is common to both groups. Based on the short tail and 
tall skull, Young (1964) ascribed Anurognathus to the 
pterodactyloids,  despite  also  noting  it  might  be  a 
descendent of Dimorphodon, but this was later reversed by 
Wellnhofer (1975). Ji and Ji (1998) incorrectly assigned 
Dendrorhynchoides to the Rhamphorhynchinae by due to 
the putative presence of a long tail (see below) and thus 
suggested a possible link between this group and the 
anurognathids (rapidly corrected by Unwin et al., 2000). 
But it was the application of cladistic analyses to the 
Pterosauria that produced the first systematic appraisals of 
anurognathid relationships. 

In  2003  two  landmark  studies  were  published  by 

 

Fig. 1. Line drawing of the skeleton of the anurognathid, 

Anurognathus ammoni based on the new specimen, illus-

trated here with three wing phalanges (which may not be 

correct, see text for details). Scale bar is 30 mm. Image by 

Mark Witton used with permission.  
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Kellner  (2003)  and  Unwin  (2003a)  evaluating  the 
systematic  relationships  of  the  Pterosauria.  Despite 
significant differences between the results of  the two 
works,  both  were  congruent  in  many  ways,  and  the 
anurognathids  were  recovered  in  similar  phylogenetic 
positions by these authors. In both, the anurognathids are 
recovered in an early branching position either as the 
earliest-diverging clade within Pterosauria (Kellner, 2003) 
or  branching  off  after  only  Preondactylus and  the 
Dimorphodontidae (Unwin, 2003a). Most other analyses 
(both before and after those of 2003) consistently reflected 
these  positions  with  anurognathids  either  as  the  first 
branching clade in the pterosaurian tree (Kellner, 1996; Lü 

and Ji, 2006; Bennett, 2007a; Wang et al., 2008; Lü et al., 
2018) or in an early branching position (Unwin, 1995, 
2003b; Viscardi et al., 1999; Lü et al., 2010) with only one 
or  two  taxa  in  earlier  branching  positions.  Recently, 
Vidovic and Martill (2018) recovered the anurognathids as 
a clade within a Scaphognathinae (and therefore suggested 
they should be renamed the Anurognathinae) based on the 
curvature of the skull and teeth, and shape of the pubis, 
and this hypothesis should not be overlooked. Similarly, 
Britt  et  al.  (2018)  recovered  the  poorly  described 
óDimorphodonô weintraubi as  the  sister  taxon  to  the 
anurognathids  and  this  clade  was recovered  sister  to 
Breviquartossa  within  Novialoidea,  placing  óD.ô 

Fig. 2. (a) The holotype of Anurognathus (BSPG 1922.1.42), the only anurognathid preserved in lateral 
view, and (b) the much better preserved ónewô specimen in dorsal view, taken under UV light. Scale bars 
both 20 mm. The image of the new specimen by Helmut Tischlinger, used with permission.  

Fig. 3. The two well-preserved anurognathid specimens given as Jeholopterus.  
(a) the holotype (a digital composite of the plate and counterplate as a single image ï IVPP V 12705) and (b) the referred 

smaller specimen (CGAS IG I 02 81). Scale bars both 20 mm.  

 


