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chapter 5

discovered in the fossil record (see Padian and Rayner 
1993 for a review). Much research has been conducted 
into these structures because of their complex anat-
omy (fig. 5.14), functionality, and frequently contro-
versial preservation states. It is now generally agreed 
that pterosaurs bore three sets of membranes: one be-
tween the wrist and shoulder (the propatagium); the 
main flight membrane between the arm, wing finger, 
body, and hindlimb (brachiopatagium); and another 
between their legs (uropatagium).4 Agreement among 
many pterosaur workers on this issue ends there, how-
ever, with the shape, distribution, and histology of 
these membranes all hotly debated in recent years.

4 Tail vanes, which could be considered a fourth type of mem-
brane, are also known in some species of long- tailed pterosaur. It is 
generally assumed that all long- tailed forms had these structures, 
though direct evidence for them has only been found in one group, 
the Rhamphorhynchidae. We will discuss them more specifically in 
chapter 13.
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Fig. 5.14. Pterosaur wing membrane distribution and histology. A, generalized cross section of a pterosaur wing; B, wing mem-
brane distribution in Rhamphorhynchus muensteri (note the extensive uropatagium supported by the long fifth toe); C, wing 
membrane distribution in Pteranodon (note the vestigial, split uropatagia); D, detailed membrane histology. Abbreviations de-
note wing membrane divisions. Pro, propatagium; Brachio, brachiopatagium; Uro, uropatagium. A, based in part on Tischlinger 
and Frey 2010; aktinofibril distribution of B and C largely based on Bennett 2000; D, based on Frey, Tischlinger, et al. (2003).

membrane histology

The complexity of pterosaur wing membranes only 
became apparent recently as specimens preserving de-
tailed membrane tissues, as well as the technology to 
view them, have only become available within the last 
few decades. At one time, the best insight into wing 
membrane histology was a controversial piece of pos-
sible wing tissue from Brazil, thought to reveal a thin 
epidermis, a mysterious spongy layer, stiffening fibers 
(see below), and a layer of muscle compressed into 
a millimeter or so of membrane tissue (Martill and 
Unwin 1989; Martill et al. 1990; Frey, Tischlinger, et 
al. 2003). Recent studies of the same specimen have 
argued that it does not contain tissues seen in other 
pterosaur wing fossils and may be better interpreted as 
a piece of skin from the body (Kellner 1996b; Bennett 
2000; Hing 2011). Thankfully, other incontrovertible 
and exquisitely preserved wings have since provided 
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