HABITUAL UPRIGHT BIPEDALISM: What is it and Why did it evolve?
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Introduction

Bipedalism, or the ability to walk on two legs, is one of the things that separates humans from apes. Walking on two legs isn't a characteristic exclusive to humans: birds do it, so do kangaroos, and even our closest cousins, the apes, as well as most of the other primates, do it occasionally. 

However, habitually walking on two legs, rather than the four the apes use most of the time, gave many advantages to our hominid ancestors. The increased efficiency and agility of bipedal motion allowed for walking greater distances in search of food. Greater agility and added height also increased the chances of avoiding predators. Walking on two legs also freed our ancestors' hands to be used for other things, such as carrying food and babies. These advantageous adaptations were then passed down as early hominids evolved into humans.

Humans must do three things to maintain balance when one leg is off the ground:

· Keep the head positioned in the midline of the body

· Keep upper-body weight over the pelvis.

· Keep the leg stable to support the weight of the body.

While you read about the features that help humans balance as they walk, look at the illustrations on Plate 36 (you received this Plate at the last class and were instructed to color it).

How Does Bipedalism Work?

Five major skeletal areas are involved in hominid locomotion: (1) Spine; (2) Pelvis; (3) Femur; (4) Knees; and (5) Feet.

· Spine: The human spine has several curves to maintain balance. Of these, the lumbar curve lower back) is of special importance. The human lumbar region is very flexible, allowing humans to not only bend forward at the hips, but also to bend sideways and backwards. Because apes have no lumbar curve to pull the upper body back over their pelvis, their weight pulls them forward. Humans, however, have an additional lumbar curve that positions the body inward, over the pelvis which positions the weight of the human trunk forward over the hips. Hence, the legs can more easily be straightened. The center of gravity is lowered, increasing efficiency and stability.

· Pelvis: The pelvis of an ape is narrow and flat compared to that of a human and the iliac blades of the pelvis are not twisted, as they are in humans where the blades are rotated inward to support the internal organs while humans are upright. Since the gluteal muscles of the buttocks are positioned differently, they do not allow an ape to easily balance on one foot while walking bipedally. However, because human iliac blades are twisted they have evolved additional pelvic muscles that act as horizontal stabilizers and assist in achieving a smooth, non-swaying gait. The curved, bowl-like pelvis of humans allows them to balance the weight of the trunk effectively over the hips. 

· Femur: In apes, the femur is straight instead of angling inwards, as in humans. Apes rotate their pelvis toward the side every time they take a step. In humans, on the other hand, the femur angles inward so that the weight of the body is supported at the midline of the body. This makes walking more efficient because humans don’t rotate the body side to side with every step. The human femur is also long, increasing stride length for more efficient walking.

· Knees: The knee joint is made up of several bones: the femur, the tibia, and the patella. Apes have a more mobile knee than humans that helps them in climbing. The top of the ape tibia is more concave to increase the knee’s rotation. This roundness can be seen on the bottom of the femur as well. Humans require a stable knee during walking. The top of the tibia is flatter in humans to reduce the knee’s rotation. This flatness can be seen on the bottom of the femur as well. Humans' knees are close together while standing because their upper leg bones (femurs) angle inwards. Such an angle allows the weight of the upper body to be better centered over the feet and increases balance. Apes need to support less weight over their knees than humans do because they do not walk on two legs as frequently. Hence, human knees joint is necessarily more robust.

· Feet: Apes have flat feet with divergent, opposable big toes (similar to human thumbs). These feet are great for climbing trees and ambling along for short distances, but not so good for walking upright over long distances. The arches in human feet act like a sturdy pair of shoes, absorbing shock and decreasing the incidence of fatigue. The foot has a single transverse arch, distributing body weight over the sole of the foot. In humans, the big toes is enlarged and lines up with other toes, adding balance. The human foot has two arches: the transverse arch distributes body weight over the sole of the foot during standing and walking. The longitudinal arch (heel-to-toe) distributes body weight, absorbs shock, and pushes weight forward.

One additional feature of the human skeleton that relates to habitual bipedal locomotion is the position of the foramen magnum (the hole through which the spinal cord exits the skull). In apes the foramen magnum is angled backward rather than beneath the skull (braincase), as in humans. In humans the foramen magnum is located beneath the skull to balance the head and hold it upright.

So now you know HOW bipedalism works, but WHY do humans walk on two legs in the first place? Especially since the last common ancestor of chimps and humans was NOT a biped but a quadruped. For years, scientists and armchair philosophers have pondered this question. We have four limbs, and our ape friends seem to get along well on all fours (by doing what's called knucklewalking), so what makes walking on two legs better? Or, if it's not better, why do we do it at all?

Scientists know that bipedalism was one of the first features to develop in early hominids -- early human ancestors that had already diverged from apes. And a variety of theories attempt to explain why, yet some of the theories seem to contradict one another. A study published in the July 2007 issue of Proceedings of the National Academy of Sciences attempts to provide a definitive answer. It claims that human bipedalism boils down to one thing: energy.

The study, performed by three researchers from the University of Arizona, the University of California, Davis, and Washington University in St. Louis, examined differences in upright walking between four adult humans and five adult chimpanzees. Chimpanzees were used because they're the closest modern-day relative to humans. (Four to seven million years ago, humans and chimpanzees diverged from a common ancestor. They then developed independently.)

Researchers taught the five adult chimpanzees to walk on treadmills. They walked upright on their hind legs and knucklewalked on all fours. The chimps wore masks that tracked how much oxygen they used. The researchers also measured how much pressure was exerted on the treadmill. This revealed which muscles the animals were using. The same measurements were taken for the four adult humans.

The walking tests showed that the chimps, as a group, averaged the same energy expenditure walking on all fours as they did walking on two legs. As a group, the humans used 75 percent less energy walking upright than the chimps used walking on all fours. Essentially, walking upright seemed to be beneficial because it saved energy.

But what appeared even more interesting was that the amount of energy expended by the chimps varied between them. One chimp used less energy on two legs than on all fours. Another used the same in both walking positions, and the other three used more energy when walking on two legs. The variations were traced to how the chimps walked and differences in body structures. One of the scientists expressed excitement at this variation, saying that it reflected an essential part of evolution [source: Discovery News].

Analysis of videotapes of the walking chimps showed that chimps generally use large hip muscles and take short steps when walking upright. Humans tend to use smaller muscles, like those in their lower legs, and to take longer steps. This leads to improved energy efficiency. Not coincidentally, the chimps that took longer upright strides than their peers consumed less energy.

The experiment's results illustrate how energy expenditure contributed to human evolution. Early humans who adapted to expend less energy walking upright are represented in the fossil record. Fossils show that some ancient humans developed longer legs, different hip structures or thicker leg bones, consistent with modern-day humans. These adaptations made upright walking easier and lessened the amount of energy required to walk upright.

Scientists claim that walking on two legs was one of the keys to humans' development from ancient ape-like ancestors. Walking on two legs saved energy and allowed the arms to be used for activities like hunting, crafting simple tools and interacting with objects. Charles Darwin proposed long ago that having two limbs free to use tools constituted a key element of advanced intelligence

Prior to the chimp-treadmill study, which was the first study examining upright walking in adult chimpanzees, scientists debated a variety of explanations for why humans walk upright. Many of these explanations invoked the idea of energy conservation in one way or another.

One theory proposed that walking on two legs freed the arms, which could then be used to collect food to bring to the family unit. If a primate walked on all fours, he couldn't carry much food back to the family without embarking on multiple hunting or foraging expeditions. It required less energy to provide for a family if the male could walk upright and return to his mate and young with enough food for all of them. The female could then stay with the young and take care of them, ensuring their health and protection from predators.

A second theory proposed that hominids started walking upright when traveling through water. Chimps do this today, rising up on their hind legs to wade through a pool or creek.

Still another theory proposed that our ancient ancestors rose up on their hind legs in order to cool themselves. By standing upright, they exposed less of their bodies to the sun.

Changing habitats and ecological conditions can have a dramatic effect on animal behavior, sometimes forcing species to adapt, flee or die. Some researchers believe that several million years ago, a warming climate and declining forest habitats meant that our forebears had to undergo longer journeys to find food. Walking on two legs made these journeys less taxing. A related possibility is that the changing climate forced primates to become primarily ground-dwellers, rather than living in trees and forest canopies. Food sources became more plentiful on the ground, where primates would have had an advantage by walking on two legs.

The final theory asserts that our ancestors never had to leave the trees to learn to walk on two legs. Instead, they learned while still living above ground. Orangutans provide a modern-day analog, as they often stand on two legs on tree branches and grab onto other branches with their front limbs in order to stay balanced.

	The treadmill study may provide the best case for explaining why humans evolved to walk upright. But a fascinating story from 2004 shows that nature continually surprises and confounds even the most experienced researchers. That year, a five-year old black macaque named Natasha (shown at right), living in a zoo in Israel, almost died from a bad case of the stomach flu. After regaining her health, Natasha inexplicably began walking upright all the time -- and with remarkably good posture. While monkeys often walk upright for short periods, they never do so consistently and straight-backed like a human. Three other monkeys living with Natasha had the stomach flu, but none of them displayed her post-illness behavior. The veterinarian treating her said that brain damage might be the cause but that he had never heard of a monkey walking only upright before.
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David Raichlen, an anthropologist at the University of Arizona, is conducting research on the evolution of bipedalism in humans. And, through the use of modern technology, he hopes to gain a better understanding of the role that this trait has played in the ongoing development of the human. View a short view of his research at Bipedalism: Tracking its evolution in humans <http://tv.azpm.org/kuat/segments/2008/6/10/kuat-bipedalism/.> And in 2007 Dr. Raichlen and his colleagues published the results of their studies in the Proceedings of the National Academy of Sciences of the United States. Here is the abstract of that paper:

Bipedal walking is evident in the earliest hominins, but why our unique two-legged gait evolved remains unknown. Here, we analyze walking energetics and biomechanics for adult chimpanzees and humans to investigate the long-standing hypothesis that bipedalism reduced the energy cost of walking compared with our ape-like ancestors. Consistent with previous work on juvenile chimpanzees, we find that bipedal and quadrupedal walking costs are not significantly different in our sample of adult chimpanzees. However, a more detailed analysis reveals significant differences in bipedal and quadrupedal cost in most individuals, which are masked when subjects are examined as a group. Furthermore, human walking is ≈75% less costly than both quadrupedal and bipedal walking in chimpanzees. Variation in cost between bipedal and quadrupedal walking, as well as between chimpanzees and humans, is well explained by biomechanical differences in anatomy and gait, with the decreased cost of human walking attributable to our more extended hip and a longer hindlimb. Analyses of these features in early fossil hominins, coupled with analyses of bipedal walking in chimpanzees, indicate that bipedalism in early, ape-like hominins could indeed have been less costly than quadrupedal knucklewalking.

Another video to watch, Walking Tall, is available at PBS <http://www.pbs.org/wgbh/evolution/library/07/1/l_071_02.html>, compares a hominid skeleton with that of a chimp. As the website puts it:

The transition to upright walking that happened in the earliest stages of hominid evolution demanded a significant range of adaptations of the skeleton and muscles. But it was not quite as dramatic a transformation as it might at first appear. Almost all primates can sit upright, many can stand upright, and a few can even walk upright (although not for long, nor very efficiently). In other words, there has been a pattern in primate evolution of an upright body position -- whether clinging vertically to a tree trunk, leaping like a lemur, or swinging through the branches like an ape. The transition to bipedalism in hominids could build on this evolutionary pattern; it didn't require the direct transformation of a true quadruped like a horse into a committed biped.

There are important differences between the human skeleton and stride and that of our closest cousins, the chimpanzees, however. On the ground, chimpanzees use a characteristic gait called knuckle-walking, and although they can walk on two legs for short distances, their gait is not much like ours. Perhaps the most important difference is that chimps cannot extend their knees and lock their legs straight as humans can. Instead, they have to use muscle power to support their body weight when standing or walking upright, a much more tiring situation.

In humans, the thigh bone slopes inward from the hip to the knee, placing our feet under our center of gravity. We also have well-developed muscles (called gluteal abductors) on the side of our hips that contract to prevent our bodies toppling to one side when all our weight is on one foot in mid-stride. Chimps have thigh bones that do not slope inward to the knee like ours, so they stand and walk with their feet wide apart. Their gluteal abductors are also much weaker than ours, so they have to rock their whole body from side to side during each step, in order to move their center of gravity over whichever leg is bearing their weight.

Human bodies have a number of other adaptations to walking upright, as well. Our foot is specialized as a weight-bearing platform, with an arch that acts as a shock absorber. Our spines have a characteristic double curve, which brings our head and torso into a vertical line above our feet. The surfaces of the joints in our legs and between our vertebrae are enlarged, which is an advantage for bearing weight. And the hole through which the spinal cord enters the skull, called the foramen magnum, is near the center of the cranium in humans, allowing our heads to balance easily atop our spines rather than toward the back of the cranium as in chimps.

But we are by no means perfectly adapted to bipedal locomotion. Our spines are a heritage from distant ancestors who carried themselves horizontally, in water and on land. In those ancient creatures, as in modern quadrupeds, the spine functioned more like a flexible suspension bridge, supporting the body's organs -- a role to which it is structurally well suited. The human spine has been transformed into a weight bearing column, putting it under unprecedented stresses and dooming us to the likelihood of back injuries and pain.

As remarkable as our adaptations for bipedalism are, they are, like all evolutionary transformations, a compromise with history.
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