
 

Gecko study offers evidence that small
morphological changes can lead to large
changes in function

September 29 2016, by Iqbal Pittalwala
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G. humeralis in Trinidad. Credit: Timothy Higham, UC Riverside

How do key innovations in the animal kingdom arise? To explore this
question, gecko expert Timothy Higham, an associate professor of
biology at the University of California, Riverside, led a team of
evolutionary biologists to study Gonatodes, a genus of dwarf geckos. In
the process, the researchers found a gecko, Gonatodes humeralis, that
they posit offers a "snapshot" into the evolution of adhesion in geckos.

"The gecko adhesive apparatus, one of the most spectacular innovations
displayed by vertebrates, has been intensively studied for the last 16
years and is of considerable interest to nanotechnologists and 
biomimeticists," Higham said. "But almost nothing is known about the
origin of this adhesive capability. G. humeralis, found in South America,
shows how the adhesive capabilities of geckos may have come about.
Our integrative analysis of this gecko shows that unexpectedly it has
microscopic hairs, called setae, underneath its toes, which allow it to do
something dramatically different than all other geckos in the Gonatodes
genus: cling to smooth surfaces such as leaves. It does this without all of
the complex structure of the toes that typify the geckos that we are more
familiar with. In the lab, this gecko can climb smooth vertical surfaces
using its incipient adhesive system."

Higham explained that the setae interact with surfaces through attractive
van der Waals forces. The relatively simple expression of setae on the
digits of G. humeralis thus provide an enormous advantage in sectors of
the habitat typified by smooth, low-friction, inclined surfaces, such as
leaves and slippery stems, allowing G. humeralis to avoid predators by
occupying habitat that other members of the genus cannot. While it can
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securely attach to vertical bamboo shoots, for example, other species in
the Gonatodes genus generally scale rough tree trunks, rocks, fallen palm
trees and move on the ground – areas where their predators abound.

"The relatively simple adhesive system of the G. humeralis is indicative
that slight modifications in form can dramatically influence functional
outcomes and the ecological niches that can be exploited," Higham said.
"This ostensibly padless gecko offers us a snapshot – a crucial
intermediate stage – of the evolution of the adhesion apparatus. It's
telling us, 'Look, this is how pad-bearing geckos started to acquire
adhesion.'"

Further, the findings indicate that the origin of adhesion in geckos was
gradual and led to major shifts in ecology and function. They suggest,
too, that subtle morphological changes are able to trigger rapid evolution.
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G. humeralis in French Guiana. Credit: Timothy Higham, UC Riverside

Study results appear Sept. 29 in the Biological Journal of the Linnean
Society.

The setae of G. humeralis are short and simple compared to those of pad-
bearing geckos, such as tokay geckos. The setae are located adjacent to
friction-enhancing "spinules" – small projections, which play no role in
adhesion, that are found underneath the feet of many lizards and geckos.
The authors argue that the setae of G. humeralis result from a
transformation of the spinules.

"Until now, we had not seen a gecko showing the beginnings of the
adhesive system," Higham said. "In all the innovations seen in the animal
kingdom, we rarely get to see their beginnings. Our findings serve as
good evidence against intelligent design ideas. Evolution takes place in
incremental steps, as the 'snapshot' we report on shows. Complexity does
not start with complexity. Small modifications can, however, lead to
complexity. Key innovations can come about in small incremental steps
and lead to feedback processes that result in the more complex
renditions of such systems. Our research offers more experimental
evidence to show this is true."

Higham and his colleagues found G. humeralis specimens in Trinidad
and French Guiana. They first used scanning electron microscopy to
examine the microanatomy underneath the geckos' toes and
morphometrics to compare them to close relatives. After these initial
observations, the team studied this species and others in the laboratory
using a combination of high-speed video to measure locomotion and
force transducers to quantify clinging ability, finding that only G.
humeralis could generate clinging force and climb vertical smooth
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acrylic.

"Our work would interest researchers in nanotechnology and biomimicry
because it explores the question: 'What are the minimum structural
modifications to enable adhesion?' Gecko-inspired robots tend to have
fully developed adhesion systems. But is that necessary? Our work
suggests that not much is needed to get a good adhesion system going,
and may therefore help simplify how we approach biomimicry and how
we recreate adhesion in the lab."

  More information: Timothy E. Higham et al. On the origin of
frictional adhesion in geckos: small morphological changes lead to a
major biomechanical transition in the genus, Biological Journal of the
Linnean Society (2016). DOI: 10.1111/bij.12897
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