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A Criterion for Demonstrating Natural Selection in the Wild Gregory Huang August 8th 2006 Evolution and Design



As the focus of this paper is the scientific evidence for natural selection in the wild, I open with an excerpt from Michael Behe’s 1996 book, Darwin’s Black Box. He quotes microbiologist James Shapiro from the University of Chicago: “There are no detailed Darwinian accounts for evolution in nature, only a variety of wishful speculations.” Behe, professor of biochemistry at Lehigh University, adds: “Call them wishful speculation or plausible scenarios—both just mean a lack of real answers” (Behe 271). Both men are active in laboratories; they design experiments, collect data, and generate conclusions from that data. So, as scientists, I take their accusations to mean there is a lack of empirical evidence for natural selection in the wild. Evolutionary biologists Peter and B. Rosemary Grant seem to agree, at least in part. “A substantial body of theoretical work deals with the maintenance and significance of such genetic variation. Field studies of the subject have been largely neglected, yet such studies that employ a theoretical framework can be immensely valuable” (Grant et al. xvii). They suggest that the lack of data is a result of a lack of robust study in the field. Why? Fred Cooke, Robert Rockwell, and David Lank, in their book The Snow Geese of La Pérouse Bay, explain: As field workers showed that the simplifying assumptions of population genetic models rendered them inapplicable in the real world, theoretical population geneticists modeled more realistic ecological situations…as these models become more realistic, testing their applicability to specific organisms becomes more difficult, … [however] such work is necessary if we are to claim to have a science of microevolutionary biology in the wild (262).



Note the closing thought from both teams of scientists; despite inherent difficulties in the manner or type of experimentation, field studies of natural selection in wild populations is necessary and valuable. Moreover, both the Grants and Cooke et al. present their work as rigorous studies of natural selection and microevolutionary change. So, it seems there is a counter-claim to Shapiro and Behe. There is empirical evidence to support the theoretical framework of evolution by natural selection. Is it acceptable evidence? Do



these field studies present data that allow for robust statements about how evolution should proceed under particular conditions? In the following, we analyze two studies in detail—first, the study by Peter and B. Rosemary Grant on the large cactus finch (Geospiza conirostris), and second, the study mentioned above by Cooke et al. on the Lesser Snow Goose (Anser caerulescens caerulescens) of La Pérouse Bay, Canada. To determine whether these studies are indeed rigorous in demonstrating natural selection in wild populations, we will use a subset of the ten methods Jonathan Endler discussed in his 1986 book Natural Selection in the Wild (NSW)—specifically, method vi: perturbations of natural populations, method vii: genetic demography or cohort analysis, and method viii: comparisons among age classes or life-history stages (Endler 172-3). For ease, I have renumbered Endler’s methods viviii as (1)-(3), respectively. By Endler’s Criterion Before we apply the ‘criterion’ Endler uses in his book to dismiss or affirm robust natural selection studies, we should make clear first, how each method tests for the effects of selection, and second, what sorts of conclusions the data allow. Robert Skipper, philosophy of biology professor at the University of Cincinnati, singles out these three methods as the only ones directly demonstrating natural selection in wild populations. Endler himself, in the last chapter of Adaptive Genetic Variation in the Wild, agrees (Mousseau et al. 253). Thus, for this paper, we will consider studies that combine two or three of these detection methods as providing robust evidence for the evolution of wild populations by natural selection. Much of the following on each of the three methods is informed either by Skipper’s writing or Endler’s descriptions in NSW. The first method in the criterion is (1) perturbations of natural populations. A perturbation is a “natural or artificial change in the population or environment that causes trait distributions to deviate from equilibrium. The null hypothesis is that the population will not change after the perturbation, except by genetic drift” (172). In other words, if experimental data reject the null hypothesis, then the population’s trait frequency distribution has shifted more than we can attribute to drift alone. Later in the paper, we will see another advantage to using this method of study—allowing scientists to



determine if the effect of the perturbation was a shift in a consistent direction. In turn, this kind of data may help generate better predictions about the future direction of evolutionary change after certain environmental stresses. The Grants, as we will see, repeatedly use this method of study in their work with conirostris. The second method for demonstrating natural selection in the wild is (2) genetic demography or cohort analysis. Skipper describes this method as a collecting of “detailed information on the complete demography of the population with respect to discrete trait values or phenotype classes … These data provide the resources for measures on survivorship, fertility, fecundity, mating ability, heritability, etc.” In this case, the null hypothesis states that any differences between a cohort’s trait frequency distribution and the population demography occur by chance. The alternative hypothesis attributes these differences to the selection of particular trait values, existent in the population (Hendry 2005). Both the Grants and Cooke et al. use this method to show the selection for specific traits values in their model organisms. Cooke et al. in particular favored this method to fit logistical constraints at La Pérouse Bay. Finally, the last method is (3) comparisons among age classes or life-history stages. Endler writes that this method is likely the most difficult to control, as it does not distinguish between sexual and natural selection (173). Simply, scientists must sample from all age classes or life-history stages at the same time and at same place, with repeated samplings at each sampling location. Then, comparisons are made among the trait frequency distributions of different classes. The null hypothesis attributes any deviations to chance, the alternative hypothesis to selection. Skipper writes: “The alternative is that selection results in significant differences among some age classes; selection is greatest between the age classes with the greatest differences.” Note that in each of the three methods, genetic drift or chance is the null hypothesis causal mechanism for any observed changes in frequency distributions. This is not to say that selection and drift are the only mechanisms of evolutionary change. Endler writes at length at the beginning of NSW that introgression and mutation are also mechanisms for change (4). However, for relatively small, isolated field studies over a short ecological time, gene flow and mutation can be controlled for or set aside. For example, on the low, flat island of Genovesa in the Galapagos archipelago, the Grants



write that, “morphological variation is not likely to be influenced by gene flow from other populations of the same species, rather it should be governed by factors intrinsic to the island” (Grant et al. 279). We return to this assertion later. Endler also points out that selection and drift interact; their discrete effects on trait frequencies vary with effective population size (Endler 4-5, Reisman et al.). There confounding factors are ultimately the reason for developing a working criterion. Scientists cannot simply observe changes in trait frequencies, and then infer selection. They must rigorously demonstrate natural selection over random drift. With this criterion, we look to our two model studies.



The Large Cactus Finch of the Galapagos In their 1989 book Evolutionary Dynamics of a Natural Population, Peter and B. Rosemary Grant describe their eleven year study into the “causes and significance of several morphological variations in a population of the large cactus finch, Geospiza conirostris at Genovesa” (2). In their words: Our principal concern is with the unusually large variation in bill size and shape, because these are the traits identified as having been important in the evolution and speciation of the whole group of Darwin’s Finches, and because by studying variation we can more fully understand the process of evolutionary change (279). It is important to note that Darwin’s Finches (Geospiza spp.) are unique in that they are the only known group of closely related birds that has remained isolated in the location, in which it first evolved. The choice of this and any model organism for evolutionary study is critical. Remember that in order to satisfy our criterion methods, it is essential for studies to limit, if not eliminate, gene flow and introgression as a confounding mechanism. The choice of working with conirostris on the island of Genovesa was advantageous for a number of reasons—one of which is that the remoteness of the island



itself limits gene flow, as mentioned above. Secondly, the conirostris population on the island is small and highly variable in bill dimensions; this allows for a team to collect trait frequency data from the whole population and every offspring generation, from hatching through to adulthood. Next, because the island has never faced human settlement, nor the introduction of animals or plants, the island, “possesses a full complement of naturally occurring species” (279). The importance of this aspect is twofold. It is important in order to be confident and justified in ruling out a significant amount of introgression. It is also important because the data collected would then be viable for interpreting selection under natural conditions, rather than just demonstrating it (12). That is, perturbations preceding the study resulted from, as cited above, factors intrinsic to the island—resource availability, natural predation, climate change etc. Lastly, given the duration of the study at Genovesa, the last advantage stems from the intrinsic factor of climate change: We had the good fortune to witness extremely wet conditions (1983 and 1987) and extremely dry conditions (1985 and 1988) after having become acquainted with ‘normal’ processes in the population. (14-5) These contrasting climactic conditions will be a key factor in our discussion of the data. In order to obtain this data, the Grants used a capture-recapture method, with mist nets set up along the southern breeding grounds. Each captured bird was labeled on the leg with a numbered, metal band and three, colored bands—the vertical order of the colors corresponded to a particular nesting region on the island (11-2). Offspring were banded as nestlings but measured as adults (69). Furthermore, “plumage and beak color were recorded, the birds were weighed, and measurement of wing length, tarsus length, beak length (upper mandible), total beak depth, and beak width (upper and lower mandibles separately) were taken at each capture or banding” (12). A large proportion from each breeding region was recaptured in the mist nets at various ages after fledging, and all the measurements were made upon capture (13). These samplings were repeated throughout the breeding season and at four regular intervals during the dry season. Their investigation lasted a total of eleven years from 1977 to 1988.



Because the Grants decided to work with the conirostris population on Genovesa, all three of the criterion methods were viable methods of investigation. The duration of the field study, along with high climactic variability, allowed the Grants to test the effects of natural perturbations on the local finch population (1). Comparisons between population demography and cohort trait distributions (2) were possible due to the isolation and small size of the conirostris population, as well as the ability of the Grants to sample trait values across the entire island. And last, the ability to repeat successive measurements of trait values over the life-history of every individual—from nesting to fledgling to breeding adults—allowed for the comparisons between age classes (3). So, given that these conditions were met, we now turn to the data collected and the conclusions drawn from it. Again, the question at hand is this: does this study present data that allow for a robust demonstration of the evolution of conirostris by natural selection? The following is by no means a thorough synthesis of the data collected by the Grants; I include only what is directly pertinent to the conclusions drawn by the team at the close of their book. Returning for a moment to an earlier statement, the contrasting climatic conditions are indeed the primary perturbation for the Genovesa conirostris. Specifically, the varying factor is rainfall. The Grants record that sporadic and occasionally heavy rain falls in the first four months of the year, causing predominantly deciduous vegetation to produce leaves, flowers, fruits, and seeds (30-4). Arthropod populations, together with local flora and seeds, make up 80% of conirostris diet. These populations respond dramatically to first rainfall, more than doubling in effective size (114, 280). For the rest of the year, the dry season, there is almost no plant production. Many birds die of starvation. Superimposed on this seasonal pattern of production is an annual variation…In El Niño years the wet season is prolonged, [as long as] eight months in 1983 ... Plants, arthropods, and finches reproduced continuously throughout this period. In 1985…no rain fell and no production or reproduction occurred. (280-1)



Survival patterns for finches of all beak sizes and shapes seem to be explicable in terms of population density and food supply—both of which are directly tied to rainfall. For example, the survival rate of the 1976 cohort was unusually high despite droughtconditions in 1977 due to low population density. Males of this cohort survived to be on average three years older than those born in the first five years after the drought. This is either a direct effect of density, through aggressive interactions for example, or an indirect effect through density-related competition for food (83-4). In fact, the data indicated a significant, consistent difference between the survivorship of older males over younger males, following periods of drought (84-5). The null hypothesis was rejected in this case (P 0.1) in the other bill dimensions (213-4). Note that correlations alone do not satisfy the criterion to demonstrate natural selection; they are simply associated observations. The data must show a great enough shift in trait frequency distributions about the given perturbation to reject chance or drift. From data recorded during the dry seasons from 1978-82, the Grants concluded that the selection on the morphological features measured was either weak or absent



among adults. “Birds died presumably…by disease, …by owls, or failed to find enough food and not, apparently, because they had beaks of a particular size or shape” (218). This conclusion, despite strong correlation, was the necessary conclusion from the data. However, in 1983, heavy rains resulted in a sharp decline in the number of Opuntia flowers and fruits in southern breeding grounds, allowing for a natural ‘experiment’ with changing food supply as the new perturbation (219). The data show that most of the dryseason feeding niches (extracting or cracking Opuntia seeds) in the south were drastically reduced, while the southern niche supported by arthropods beneath the bark appears to have been relatively unaffected. Therefore, the effective breeders in that season were mostly arthropod feeders. Both niches in the northern part of the island were not significantly affected. Thus the trait frequency distribution of the population living in the south changed significantly about the perturbation—enough to demonstrate not only correlation but selection as well. Their conclusion fits well with both criterion methods (1) and (2). These are just two examples of conclusions from the Grants’ study that satisfy Endler’s criterion of evolutionary field study. Thus, they are scientifically robust statements about microevolution by natural selection. Next we look to the study by Fred Cooke, Robert Rockwell, and David Lank on the Lesser Snow Goose of La Pérouse Bay. We will apply this same criterion for rigorous field study, and look to the conclusions they draw from the data. The Snow Geese of La Pérouse Bay The book, The Snow Geese of La Pérouse Bay: Natural Selection in the Wild, was published in 1995. It is a detailed account of the 25 year study conducted by Cooke et al. between 1968 and 1993. At the outset, their aim was to examine the process of natural selection in a wild population of birds, because “only by detailed examination of a group of interbreeding organisms throughout its natural habitat can we hope to discover the range of selective pressures under which they live” (1). Their model population was a breeding colony of Lesser Snow Geese (Anser caerulescens caerulescens) along the shores of La Pérouse Bay in northern Manitoba, Canada (2). The Lesser Snow Goose is



an artic-nesting, migratory goose, which despite its conspicuous plumage and large size, is a difficult species to study in the wild. On this, Cooke et al. write: The large bird…is justifiably wary of humans, relatively difficult to capture at most times of the year, breeds in remote areas, migrates twice yearly between arctic and south temperate latitudes, and intermingles on the wintering ground with birds breeding in colonies thousands of kilometers distant. (2) Moreover, it is an iteroparous bird with relatively low fecundity—a challenge for scientists eager to follow fitness and survivorship through generations. Why then choose this bird to be a model organism to study natural selection? So it goes, the reason the goose population is such a ‘troublesome’ candidate for field study is the reason Cooke et al. chose it. “Many plants, invertebrates, or even higher fecundity vertebrates…offer tremendous advantages for studying evolutionary processes…There is a danger, however, in building the empirical study of natural selection and microevolutionary biology entirely on data from such organisms” (262) The team goes further to say, “as far as possible, we should determine whether or not different processes are more or less important in organisms with a variety of life histories” (262-3). With that said, a rigorous set of controls must be in place to satisfy our criterion methods. As mentioned above, for a study to be confident in concluding that natural selection is a mechanism for observed evolutionary change, it is essential to limit, if not eliminate, gene flow and introgression as a confounding mechanism. If not, the data limits the set of conclusions that can be drawn from it. Clearly, the data is not void— indeed it would be valuable in assessing, for example, how the interaction between selection and gene flow is expressed by changes in a population’s genetic structure. However, it still does not allow for a robust demonstration of natural selection in the wild. To measure fitness over many generations, Cooke et al. were faced with a difficult task. In their own words: To completely measure fitness for a segment of the population would require knowledge of gamete production, zygote production, survival of those zygotes…to reproductive maturity, mating and



mate acquisition ability, and breeding propensity…a practical impossibility. (9-10) To evaluate fitness, they followed the example of geneticist Timothy Prout and estimated fitness by partitioning it into two measurable components: viability and fecundity (65). Viability for a given individual was its probability of survival from the present to the next opportunity for reproduction. Fecundity of the same individual was its reproductive success. That is, it is a measure of both its contribution to the next generation, and ultimately, the recruitment of its offspring into the breeding population. To obtain these measures, Cooke et al. also used a capture-recapture method of dividing the shoreline of La Pérouse Bay into regions or cohorts, banding goslings in every generation, and recording phenotypic or trait value measures at each of the biannual recaptures. Recapture measures included recording each individual’s weight, plumage color, and wing span (159-60). Data was also collected by ‘walking the shore’—visual inspection of the nests during breeding season. These teams recorded data on egg-laying date, egg size, and clutch size (156). Sampling continued from the start of the first breeding season in 1968 and ended after the last fledging in 1993. In total, the investigation spanned a 25 year period. The following is a brief dissection of two of the conclusions drawn from their investigation. In tabulating breeding attempts by total clutch size, Cooke et al. assessed the data on subsequent fitness components to detect selection among age and phenotypic classes. This type of analysis is a combination of criterion methods (2) and (3). Mean clutch size declined about 3-4% between the years 1973 and 1984; the trait value distribution showing consistent directional movement towards smaller clutch sizes. However, they concluded from that relative fitness data that birds laying the most eggs recruit on average more offspring into the breeding population (266). Specifically, fecundity, as measured by clutch size, was correlated to high annual survivability for both male and female parents (178); so, in terms of fitness components, one would expect mean clutch size to increase over time, even with low heritability. In their final synthesis, Cooke et al. present several resolutions to this paradox; all of them related to what they



call an ‘incorrect assumption’ that the environment remains constant (180, 267). Their example is this: If the environment degrades such that there is less forage available, then arriving females may simply not have sufficient nutrients to produce the clutch size for which they are genetically predisposed…hence, clutch size may not increase. (267) In this case, the observed mean clutch size would decrease, even though the ‘standard response to selection’ would be an expected increase in mean clutch size over time. This sort of resolution it is neither supported by the data, nor helpful in attributing any of the change in clutch size to natural selection. Nevertheless, it is important that we understand the gravity of the ‘incorrect assumption.’ When natural selection is being examined in field situations, where adequate controls for environmental conditions are nearly impossible due to their inherent natural fluctuations, the direct as well as the selective effects of the environment need to be considered (268). In the end, Cooke et al. closed their discussion on clutch size with a commendation for future researchers: If selection at other colonies favored birds that produced mid-sized or smaller clutches…a balance between gene flow and local selection might maintain an average clutch size lower than the most productive at La Pérouse Bay…Without a detailed study from another Snow Goose colony, it is difficult to evaluate this hypothesis thoroughly. (185) I would add that such a study must first rigorously show that ‘local selection’ results in, and is consistent with, the observed trend towards smaller or mid-sized clutches. Only then would an analysis of the interaction of gene flow and diverging local selection pressures be thorough by scientific standards. The conditions for detecting natural selection were met, in this case, but failed to reject chance or drift. Our second example looks at a much more conspicuous trait, plumage color. In Snow Geese, this is a polymorphic trait, controlled by two alleles at a single autosomal locus. The blue allele (B) is incompletely dominant to the white (b) allele (160). Early



pedigree tests accumulated evidence to support the general—though not reliable— description that darker-bellied blue adults were BB homozygotes, lighter-bellied blue adults were Bb heterozygotes, and all-white adults were bb homozygous (160-1). Analysis of the frequency distributions for the belly color of blue Snow Geese showed an increase in the frequency of the blue morph in several populations over time. This led some to the common belief that the shift in plumage color distribution was the result of directional selection favoring the blue allele (263). Cooke et al. performed a partitioned fitness analysis of the La Pérouse Bay population from 1969 to 1992. Their data failed to detect any directional selection, despite large samples (163). In fact, there were no apparent differences among color genotypes for either component of fitness. Still, they did confirm a continuing increase in the relative frequency of blue phase birds (56). This discrepancy led the team to look again towards the effect of introgression from neighboring breeding colonies. Note that because gene flow was not controlled for in the fitness analysis above, their conclusion that there is a lack of directional selection is only an inference. In this case, conditions for detecting natural selection were not met. In any case, the inference let the team to make the hypothesis that introgression is the reason for the observed relative increase of the blue morph frequency. Using capture-recapture methods, in joint partnership with teams working at Southhampton Island and Boas River, Cooke et al. determined that immigration rates of blue phase birds from the Boas River colony exceeded the combined emigration rates to both surrounding colonies (172). Genetic dissection analysis showed a significantly higher frequency of BB homozygous genotypes (31.7%) for immigrants than native residents (28%); thus, the team concluded that gene flow, rather than local selection, accounts for the observed changes in plumage allele frequencies (172-3). In the end, not only was gene flow not adequately controlled for—a near impossibility given that most introgression occurs at wintering locations (191)—the data suggests that gene flow is the primary cause for the observed relative increase in blue morph frequency. This is an important point: the process that led to examining the effects of gene flow was one that failed to meet the rigorous standards for detecting natural selection. However, it was still a scientifically, productive process in that directed



the team towards further investigation. The argument at hand is only that the data on plumage color is not a robust example of natural selection in the wild. Consider the differences between the kind of conclusions one can draw from studies like the Grants’ with conirostris, and those from studies like the one conducted at La Pérouse Bay. Both the Grants and Cooke et al. were able to detect shifts in trait frequency or phenotypic class distributions, and both were able to make statements to the apparent direction of these shifts. With conirostris, the loss of the Opuntia as a dryseason food source in 1983 resulted in a clear directional shift towards smaller, longer beaks—beaks specialized in acquiring food by extracting larvae from rotting cactus pods, and ripping bark to reveal hidden arthropods. Cooke et al. were able to see the same directional distribution shifts with Lesser Snow Geese; population demography from 1969 to 1992 shows the increase in the frequency of the blue morph. These statements are descriptive statements from recorded data. Note, also, that there is no difference in statement made from data measuring individual fitness. Both the Grants and Cooke et al were able to make statements evaluating the fitness of certain individual trait values or phenotype classes; indeed they were able to correlate certain traits with others with fecundity and viability data. The difference lies in the robustness of their conclusions on natural selection. While the Grants, satisfying the conditions for all three of our criterion detection methods, were able to make scientifically robust statements that attribute observed changes in frequency distributions to either selection or chance. Cooke et al., in most of their examples, could not. They could—and they did so—infer what trait values a given environment might select, by comparing fitness components for existing trait values. However, such statements would only be robust, if selection were the dominant mechanism responsible for present and past microevolution in the test population. In other words, without knowing if and to what extent a population is actually undergoing selection, we cannot make robust causal statements about observed shifts in trait frequency distributions. Such statements are, at best, inferences that lead to the generation of new hypotheses and future investigation; at worst, they are nothing more than what Behe and Shapiro charged at the start: speculation. To close our discussion, I will mention that our criterion for detecting natural selection in the wild is not wildly applied in modern evolutionary study. In most cases,



environmental and logistical factors prevent studies from adequately satisfying the prerequisite conditions. Professor of ecology and evolutionary biology at the UC-Santa Cruz Barry Sinervo explains the emerging trend: While Endler and his treatise on the Natural Selection in the Wild (1986) considered natural selection a process inseparable from the genetic transmission of successful traits…in recent years, other researchers have suggested that it might [be] informative to measure selection on phenotype independent of the genetic transmission of the trait. Similar to the approach by Cooke et al. in studying plumage color, data on fitness components are measured with respect to a given behavioral or morphological trait and analyzed in the context of heritability estimates, obtained by either pedigree analysis or laboratory crosses. The result is an inference upon which alternative hypotheses are propped. Sinervo writes that, “despite the limitations of combining laboratory and field studies, [this combination] allows a biologist to predict the evolutionary trajectory that a population might experience in the future if the intensity of selection and the heritability remain constant.” Or, in other words, while these statements are not robust statements about natural selection in the wild, but they do generate questions for further study. In is incumbent, however, that these new questions will also require rigorous, scientific testing in order to make robust conclusions from the data. If not, we have not science, but speculation built upon speculation.
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