
 

Motion and muscles don't always work in
lockstep, researchers find in surprising new
study

March 14 2014, by Iqbal Pittalwala

  
 

  

The UC Riverside study was performed on wild green anole lizards, one of
which is seen in this photo. Credit: Kathleen Foster, UC Riverside

(Phys.org) —Animals "do the locomotion" every day, whether it's
walking down the hall to get some coffee or darting up a tree to avoid a
predator. And until now, scientists believed the inner workings of
movement were pretty much the same—the nerves send a message to the
muscles and there is motion.
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But in a first-of-its-kind study on wild green anole lizards, biologists at
the University of California, Riverside have discovered that the link
between muscle function and movement is a lot more complicated than
anyone realized.

"We were trying to understand how animals move in trees; how muscle,
in general, deals with something as complex as climbing a tree, with its
horizontal and vertical inclines, the tiny little branches and the upright
trunks," said Kathleen Foster, a Ph.D. student in Evolution, Ecology and
Organismal Biology, who performed the study. "We were expecting to
find that as the movements were changing, the muscles would be
generating those changes; we'd just show that and move on. Instead, we
saw there isn't always this tight relationship between activity in the
muscles and the movement we're seeing. Now we have new questions
about how animals work."

"No one has ever looked at this before," said Timothy Higham, an
assistant professor of biology and Foster's graduate adviser. "A lot of
people study anoles and a lot of people remove muscles and study them
in a lab, as opposed to measuring the muscles in the animal as it's
moving. Our work brings the lab into the forest, and it can help us
answer questions about how these animals are doing what they're doing
and why they're so diverse."

Foster and Higham's findings were published March 12 in the British
biology journal, Proceedings of the Royal Society B, a journal from the
same publisher that featured papers by Isaac Newton and Charles
Darwin.

In their study, "Context-dependent changes in motor control and
kinematics during locomotion: modulation and decoupling," Foster
surgically inserted electrodes into the forelimbs and hind limbs of seven
male green anole lizards. She then tracked the lizard movements on a flat
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and 90-degree incline and a broad and narrow perch, using high-speed
video to record movements and electromyography to monitor electrical
activity in the muscles.

"We expected to see a one-to-one correlation between the muscle
activity and movements because motion is generally driven by muscles,"
Higham said, "but as we changed the structure of their habitat and they
changed their motions, we were surprised to find very few
accompanying changes in muscle activity."

For instance, the researchers found that while the lizard movements
changed considerably when they were running along narrow perches
(compared to broad perches), there were few significant changes in
muscle activity. And when the lizards were running up an incline, they
noted more changes in muscle activity than movement.

"This generally means we can't understand what the muscles are doing
just by what we see," Higham said. "We also found that variability in
muscle activity differed between the treatments, raising another
question: Does variability in muscle activity reflect a preferred way of
moving or just reflect what they've always done? This has unearthed a
lot of questions about ecology, evolution, how parts of animals evolve
and how they respond to their environment."

Though these 2-inch-long green anoles weigh just 5 grams—about the
same as a U.S. nickel—their muscles work the same way as every other
vertebrate.

"This means what we learn from studying their muscle function could
well apply to a variety of fields," Foster said.

The study's findings also raise new questions in ecomorphology—how
habitat and environment affect an organism's anatomy. The study found
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that muscle activity in the green anoles was most consistent on broad,
vertical surfaces, such as tree trunks, "suggesting that, despite being
classified as a trunk-crown ecomorph, this species may prefer trunks,"
Foster said.

The study has implications also for people who design artificial limbs or
robots.

"Clearly, locomotion is not as simple as we thought it was," Foster said.
"This decoupling—big changes in movement without corresponding
changes in muscle activity—suggests there are other important factors
going on and we need to better understand them if we want to reproduce
these movements in prosthetics or robotics."

  More information: "Context-dependent changes in motor control and
kinematics during locomotion: modulation and decoupling." Proc. R.
Soc. B May 7, 2014 281 1782 20133331; DOI: 10.1098/rspb.2013.3331
1471-2954
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