Jensen 4

Laura Jensen

Professor Ralph Taggart

ISB200H

April 30, 2007
Theories of Vestigial Structure Formation

Nearly all life forms hold one thing in common: vestigial structures. Vestigial structures include the rudimentary wings of some insects and birds, the traces of hind limbs in snakes and whales, the eyes of cave-dwelling animals who live in constant darkness, and in humans, the wisdom teeth and the appendix. Far from unique phenomena, vestigial structures start out as useful structures, but become useless as the environment changes or the organism evolves. Considering that vestigial structures are common to many life forms there must be some common driving mechanism by which useful, functioning organs devolve into nonfunctional vestigial organs. Natural selection has explained how useful adaptations evolve, but as purely vestigial organs are defined by their useless nature, natural selection clearly does not explain the degeneration of the once useful structures into vestigial organs. Theories attempting to explain vestigialization include disuse, direct selection, indirect selection, neutral genetic mutation, and molecular noise suppression. To discover which theory is the most probable each must be examined thoroughly.

The theory of disuse was the first argument to appear. Charles Darwin, in The Origin of Species, attributed the formation of vestigial structures to disuse, saying, “We learn from domestic productions that the disuse of parts leads to their reduced size; and the result is inherited” (127). Although Darwin has been heralded for his theories on natural selection, his explanations concerning vestigial structures were lacking. Firstly, Darwin’s acceptance of a Lamarkian mechanism (Bowler 168), which held that traits gained during life affect offspring, was hardly in concert with his theories on natural selection. Secondly, Lamark’s work has been discredited over time as we have learned that body modifications obtained during the life cycle are not passed on to offspring since they do not alter the genes. Structures in the body cannot simply devolve because they are no longer used. There must be some driving force to change the genes. With the Lamarkian-like theory of disuse discredited “there is no biological mechanism to ensure that loss of use would itself cause the loss of the organ.” (Bergman and Howe 15). The theory of disuse may be acceptable in layman’s terms, but it does not withstand skeptical scrutiny.


To provide a mechanism for the disuse theory, direct selection against vestigial structures has been suggested; however these theories tend to misrepresent vestigial organs and do not explain why vestigial structures retain an atrophied form rather than disappearing completely. The formation of vestigial organs by direct selection would begin with the organ becoming harmful to the organism in some way. Those organisms with a larger version the harmful organ would be less fit than those with a lesser version of it and so those with a lesser version would be more likely to survive and reproduce. Thus, the organ would reduce in size and function over generations. Darwin was the first to relate direct selection to vestigial structures. However, even though it is in line with his theories concerning natural selection, he did not name it as the driving force in their creation. In originally describing vestigial organs, Darwin concluded that if an organ became injurious to the organism in question then the organ could lose its original function while maintaining a new or secondary use (128). It seems that, addressing vestigial structures from this viewpoint, Darwin was attempting to relate his theories on natural selection to vestigial structures. It is likely that Darwin did not accept this mechanism, though, because he realized its flaw: truly useless organs, which must neither help nor harm the organism, are no longer affected by natural selection in terms of being directly selected against (Darwin 128). This is why he only connected natural selection to vestigial structures as a way for changes to occur in the structures uses, but not as a way for them to lose usefulness and form entirely. Natural selection cannot act on an organ which is completely non-functional because, neither aiding nor hindering the organism, the organ does not affect the organism’s fitness. Direct selection theories do not explain vestigialization so much as they explain natural selection. “If the reduction of a character is obviously adaptive, then vestigialization is of interest only as another example of evolution through natural selection” (Fong et al. 264). Even if direct selection did not misrepresent vestigial structures, the problem of why vestigial structures are not completely wiped out as they are selected against would remain.

Besides direct selection, natural selection also plays into another theory of vestigial organ formation: indirect selection. Indirect selection theories, unlike direct selection theories, do not require that the organ be harmful, only that it is useless. Flightlessness in endemic birds illustrates the theory of indirect selection well. “The argument is that, in the absence of predators, there is relaxed selection to maintain flight for predator avoidance, and that reduction of wings along with pectoral muscle mass results in energy conservation” (Fong et al. 252).The absence of predators to endemic birds first creates a change in the birds’ environment. This change renders the wings useless, or at least less useful. Then, natural selection, favoring those organisms which are the most fit, allows the most energy efficient organisms to survive and reproduce. Reductions in body mass would make the birds more energy efficient since there would be less mass overall to maintain. Therefore, the selection for energy efficiency indirectly causes reduction of the wings, which are not under pressure to be maintained, as the reduction of nonessential structures makes the bird more energy efficient. 

Indirect selection as the driving mechanism for vestigial organ formation can also be seen in the rudimentary wings of insects. Much like with flightlessness in birds, the indirect selection for flightlessness occurs as an energy conserving mechanism as direct selection occurs for another trait. “The hypothesis is that fecundity selection is constrained by selection to maintain flight but can proceed when selection for flight is relaxed and thus flightlessness is indirectly adaptive” (Fong et al. 257). Selection for increased fecundity, the ability to produce offspring, would be a positive adaptation for any organism. So, the metabolic needs of the insects can remain stable as energy once used for the wings is diverted to reproduction, and the wings of the insects reduce in size over generations in favor of the improved fecundity. This correlation between wing size and fecundity is easily observed in crickets: “Cut off the wings of a young cricket, and she will lay more eggs” (Jones 305). While those with their wings cut off during their lifetime will not pass on decreased wing size and improved fecundity, those born with improved reproductive fitness will produce the most offspring and will pass on not only their improved fecundity, but also the smaller wing size that allows their improved reproductive capabilities.

Indirect selection holds that a reduction in a useless trait corresponds with an increase in or the formation of a useful adaptation. In flightless birds this means the reduction of wings in favor of energy efficiency. This theory, concerning flightlessness in birds, does contain flaws, though: “the critical and unproven assumption is that lowered metabolic rate results in increased fitness…” (Fong et al. 252). A trait must be advantageous to be selected for. If the traits that are supposedly being selected for, and inadvertently creating a reduction in useless traits, are not known to be advantageous, then it cannot be assumed that they are being selected for in the first place. This means the reduction of useless structures on the basis of indirect selection is called into question, since the premise of the argument, that a favorable trait is being selected for, is also in question. Theoretically, indirect selection seems plausible, but the premise of the theory must first be addressed and tested before the theory as a whole can be accepted. Also with indirect selection, like with direct selection, is the problem that vestigial structures persist in their rudimentary forms rather than disappear entirely. It seems that vestigial structures should disappear entirely if the energy being used to maintain them is being diverted to another trait. Indirect selection does not always prove that the trait being selected for is truly fitness improving and it does not explain why some energy continues to maintain the vestigial structure rather than all energy going towards the useful adaptation.

Perhaps, however, it does not need to be proven that other traits are being selected for or against as with indirect or direct selection theories. It may be that all that is needed is the relaxation of stabilizing selection and an updated and improved version of the disuse theory. As scientific understanding of genetic principles increases the genetics behind vestigial structures are becoming clearer. According to neutral genetic drift theories, “structures lose complexity due to the accumulation through genetic drift of selectively neutral mutations” (Fong et al. 251). When an organ becomes useless, removing stabilizing selection as a factor affecting it, random mutations can compound within the population, essentially allowing the trait to “drift” rather than be directed, as long as those changes do not affect the organism’s fitness. It is possible that the reduction of vestigial structures could be the result of this build-up of random genetic mutation because all that is needed for it to occur is something that all vestigial structures have in common: uselessness. This, unlike direct or indirect selection, could also explain why the structure does not disappear entirely because there is no force acting on it that would call for its disappearance.

In cave-dwelling organisms neutral genetic drift would begin with the change in environment: from an environment with light, allowing sight, to an environment without light, not allowing sight. This would remove the stabilizing selection that once governed the now cave-dwelling organisms’ eyes and eyesight and the eyes of the organisms could mutate in ways neutral to the organisms’ fitness. According to David Culver, “Most mutations affecting a complex system such as an eye are likely to be degenerative” (qtd. in Fong et al. 255). Because eyes are so complicated it is not likely that random mutations would create an improvement in eyesight in a dark cave where eyesight is useless. Instead, without the force of stabilizing selection acting to support them, the organ would atrophy as degenerative mutations accumulated because neutral organ mutation would have no effect on fitness. While the possibility of the vestigial organ becoming larger through random mutation cannot be ruled out, “It is reasonable that mutations causing hypertrophy will be selected against and that those causing atrophy will not be”(Regal 124). Therefore, neutral genetic drift and random mutation become probable mechanisms for the degeneration of useless structures.

Although neutral genetic drift solves some of the problems of the direct and indirect selection theories, by explaining how a vestigial structure can remain despite its uselessness, this theory has problems of its own. Paramount among them is time. Concerning cave-dwelling organisms, some populations with vestigial eyes have only been isolated for less than 10,000 generations. Opponents of the neutral genetic drift theory believe that there has not been sufficient time for mutations to cause vestigialization to the degree which it is found in these populations (Fong et al. 255).

Another recent theory that considers vestigial structures at the genetic level is molecular noise suppression. Phillip Regal describes it as “the noise squelch theory of streamlining evolution” (127). Streamlining evolution refers to Regal’s view that reduction of useless characteristics is not a regression, but an ongoing part of evolution (123). The phrase noise squelch refers to the elimination of genetic material concerning vestigial structures. The theory claims that because of pleiotropy, one gene’s ability to phenotypically affect many parts of the body, the useless genetic material of vestigial structures may act as noise, interrupting the genetic system. Natural selection, it continues, would favor a reduction of noise, through the turning off of the useless sections of code, and consequently, the formation of the vestigial structure (Regal 127-128). Similar to energy efficiency, the molecular noise suppression theory considers indirect selection as the vestigialization mechanism. Those with less noise in their genetic system are more successful at passing on their genes without errors in the transfer, and to have less noise in the system, the genes of the vestigial structure must be turned off or destroyed in some way. Thus, selection for the suppression of noise in the system indirectly selects for the reduction of vestigial structures.

Because the noise suppression theory, in a way, combines indirect selection with the genetic drift theory, its problems are also a combination of its parent theories’ problems. Based on the indirect selection theory, it seems that, given sufficient time, the turning off the useless genes should lead to a complete loss of the vestigial structures. However, this does not appear to always be the case, as with the eyes of some cave-dwellers who retain the genes and occasionally express the genes for lens proteins (Fong et al. 262) “With evolutionary times for eye degradation to occur of 25 millions years for the mole rat and 45 million years for the mole…Their continued expression is an enigma” (Fong et al. 262). If reality followed the noise suppression theory, then the eyes of cave dwellers would eventually be filtered out of the system entirely, but this is simply not the case. Beyond that, as to the formation of reduced structure, if the genes of vestigial structures, which have supposedly been turned off, can still be expressed millions of years later in the eyes of moles, then a genetic mechanism for vestigialization cannot be the main mechanism. It cannot be the main mechanism because there are vestigial structures in modern humans, who have not existed for such a length of time as moles. While genetic theories could possibly lend specific mechanisms to the more generalized earlier theories there has not currently been enough study to draw firm conclusions (Fong et al. 263)

While the majority of vestigialization theories are presented from an evolutionist viewpoint and with the belief that vestigial structures are degenerative, it should be noted that other perspectives have existed and still do exist. Duke Argyll, favoring an intelligent design viewpoint and writing shortly after Darwin’s publication of The Origin of Species, purposed that vestigial organs could be organs forming, rather than organs degenerating (Bowler 206). Today, this theory like Darwin’s Lamarckian disuse theory, is simply not an option. Most obviously, the assumption that a designer is intervening is not acceptable in today’s scientific community. Removing a designer from the theory would be to assume that the forces of evolution can predict the future needs of the organism and would go beyond reasonable assumption. More specifically, the commonalties between the vestigial structures of related animals, such as those between the wisdom teeth of humans and the grinding teeth of apes, point towards common ancestors between species who had a useful version of the vestigial structure, meaning the structure must have reduced rather than formed.

Yet another perspective concerning vestigial structures is that they simply do not exist and that, although they appear useless, in truth they each has a function which we are simply not aware of. Supporters of this viewpoint, Jerry Bergman and George Howe spend over half of their book, Vestigial Organs are Fully Functional, outlining functions of organs believed to be vestigial including the pelvic bones of whales, the tonsils of humans, and the eyes of cave-dwelling animals. Bergman and Howe claim that the pelvic bones of the whale “support the internal organs and also serve as points of attachment for several muscles” (71). In regards to humans’ tonsils, Bergman and Howe point out that the tonsils have been discovered to be part of the lymphic system, meaning they help protect the body from illness (39). It seems that the eyes of cave-dwelling organisms would be completely useless, considering that the environment is in constant darkness, but Bergman and Howe claim that it is possible that the eyes could be functional and they atrophy only because they are deprived of light during pivotal formation stages (81). Considering the difficulties of proving an organ useless, Bergman and Howe are justified in their skepticism of vestigial structures; but to make the generalization that vestigial structures do not exist may be premature. Supposed vestigial structures should instead be considered on a case by case basis.

Until all supposed vestigial structures have been proven to have function, speculation as to their formation mechanisms can continue. Now, faced with so many theories concerning the formation of vestigial structures, each having their own merits and problems, the question remains of which is the most likely. The first and possibly most useful step in discovering this is discovering those theories which do not work. Most early theories, including the Larmarkian disuse theory and the view of vestigial organs as organs in formation rather than degradation, have been discredited since their conception. Direct selection against vestigial structures cannot be the formation mechanism because it holds that vestigial structures are harmful and truly vestigial structures are neither harmful nor advantageous. Therefore, direct selection theories more accurately describe natural selection than vestigialization.

Excluding those discredited within the scientific community, the remaining theories are indirect selection, neutral genetic drift, and the noise suppression theory. Considered individually, each theory poses problems, such as why do the vestigial structures not disappear entirely and has there been sufficient time for the mechanisms of the theory to work or what would be sufficient time. Fong et al., addressing these issues, came to a probable solution: “Although neutral mutation is probably an important force in eye pigment loss, it is not the only factor. In particular, energy economy and pleiotropy can be invoked to couple the reduction in eyes and pigment with the increase in extra-optic sensory structures” (255). Regal came to similar conclusions; even while advancing his own noise suppression theories, he clarified that “Regressive evolution may not have a single cause and I do not wish to argue that pleiotropy, mutation pressure, genetic drift, etc. have produced no examples. Each alone though does not account for the general phenomenon…These might operate alone, or possibly in concert” (124). A combination of several theories and mechanisms seems a probable explanation largely because of it could solve one aspect of the time problem. If several mechanisms, such as energy conservation and neutral genetic drift, acted simultaneously, then it is possible that the time necessary to create a vestigial organ would be reduced compared to the time of formation with only one mechanism operating. This quickened rate could account for the vestigial structures found in recently isolated population such as some cave-dwelling animals who have only been isolated for about 10,000 generations.

There is still one problem sitting squarely in the way: Why do vestigial structures not disappear entirely? Only the neutral genetic drift theory holds any sort of answer to this question, by drawing on a kind of stabilizing selection to ensure vestigial structures remain useless while randomly mutating in fitness neutral ways. Therefore, while several theories may operate in concert, neutral genetic drift must play a significant part in the process. Perhaps efficient energy economy, increased fecundity, and noise suppression are indirect consequences of vestigialization through neutral genetic drift rather than vestigial structures being consequences of the former. Or perhaps neutral genetic drift is the main mechanism and energy economy is a type of catalyst. It seems that, while further specific study is needed, an adequate explanation will only be reached through a combination of theories.
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