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Environmental Heterogeneity: Temporal and Spatial Massimo Pigliucci, University of Tennessee, Knoxville, Tennessee, USA



One of the fundamental problems for ecologists and evolutionary biologists is to understand the characteristics of natural environments and how they change. This cannot be decoupled from the study of the ecology and evolution of living organisms, since one of the main reasons for the existence of the bewildering variety of life forms on Earth is precisely the fact that environments themselves are varied. There are two fundamentally distinct types of environmental heterogeneity, each comprising two parallel subcategories. Environments can vary across space or in time. Spatial variation can be ﬁne-grained or coarse-grained, while temporal variation can occur within or between generations.



Types of Environmental Heterogeneity Fine-grained spatial environmental variation occurs when an organism experiences more than one set of conditions because, for example, it moves around at a rate – or covering distances – such that it crosses diﬀerent patches of a given territory. Coarse-grained variation, on the other hand, is found in situations in which the organism, even if mobile, experiences fairly homogeneous conditions. Obviously, ﬁne- versus coarse-grained environments are a matter of the perception of a given organism, and the same environment can appear ﬁne-grained to one species and coarse-grained to another. For example, a hawk is characterized by a far greater mobility than a turtle (i.e. the hawk can cover much larger distances per unit time than the turtle), so at least some characteristics of the environment are bound to appear ﬁne-grained to the former and coarse-grained to the latter. A second important point to consider is that the very word ‘environment’ is ambiguous. Which characteristics of the environment is one considering? On the one hand, the features of the physical and biotic environment that are relevant to the hawk may only partially, or not at all, be relevant to the turtle. Therefore, the two organisms will
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Environments experienced by living organisms can be heterogeneous in a variety of ways. Variation in time and in space have distinct consequences for the fitness of plants and animals, and elicit different types of evolutionary responses through natural selection.
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have a diﬀerent perception of what constitutes their environment. Consequently, natural selection will aﬀect the organisms in response to partially diﬀerent sets of environmental conditions. On the other hand, even for the same organism, some of the features of its environment may vary in a coarse-grained and others in a ﬁne-grained fashion. For example, the presence of water for an aquatic animal may be coarse-grained, since the animal never lives outside the body of water, no matter how mobile it is. But temperature zones within that body of water can be perceived as ﬁne-grained if the animal is mobile enough to cross thermal boundaries easily (for example by rapid changes in buoyancy). A third point concerning spatial variation is that the ﬁne- versus coarse-grained dichotomy represents a simpliﬁcation of the actual conditions in nature. One can easily envision situations in which the mobility of an organism is such as potentially to bring it into contact with a diﬀerent patch of resources, but not frequently enough to make a diﬀerence. Since mobility can vary along a continuum, ﬁne-grained or coarse-grained environments are better thought of as extremes of a continuum. The temporal equivalent of ﬁne versus coarse grains is the distinction between within- and between-generation variation. Within-generation variation refers to those aspects of the environment that can change appreciably (from the standpoint of the organism) within a lifetime. On the other hand, some characteristics of the environment, though subject to variation in time, follow cycles or trends that are longer than the lifespan of a given type of organism. It is easy to draw a parallel between temporal and spatial variation when they are deﬁned in this manner. A ﬁne spatial scale corresponds directly to withingeneration variation, because in both cases the organism experiences more than one environment. Similarly, coarse spatial grains are functionally equivalent to acrossgeneration variability, since in both cases the organism perceives only one patch during its lifetime. As a consequence of this parallelism, many of the points discussed above in the context of spatial variation apply ipso facto to temporal variation.
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Simple Population Genetic Models Hard versus soft selection A great deal of theoretical modelling has been done to study what happens to natural populations when the environment varies. Dempster (1955) and Levene (1953) independently proposed the simplest and most well-known models in the mid-1950s. Although these models were designed to address spatial heterogeneity, some of their features have been extended to temporal heterogeneity as well. These models still represent the obligatory introduction to the theory of environmental heterogeneity, as ecologists currently understand it. The Dempster and Levene models are very similar in structure. Yet, they diﬀer from each other in key assumptions, and therefore in both the situations to which they can be applied, and the outcomes that they predict. The common structure of the two models is shown in Figure 1. The idea is that a random-mating population splits to colonize two diﬀerent environmental patches. The models consider a phenotype determined by a single locus with two alleles (A and a), but this is not an essential feature, since the results can be extended to multiallele situations as well. Each of the three possible genotypes (AA, Aa and aa) is characterized by a diﬀerent ﬁtness (U, V and W, respectively). The important thing to keep in mind is that the ﬁtnesses of each genotype are diﬀerent between the two patches, to reﬂect distinct selective requirements to live in either patch (indicated by the subscripts). The last
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step in the model indicates that the gene pool of the new generation is made of gametes of individuals that were living in both patches. There are some key distinctions between Dempster’s and Levene’s attempts. In Dempster’s model, ﬁxed proportions of zygotes from the random-mating population settle in either patch. Also, the ﬁtnesses referred to in this model are absolute ﬁtnesses, i.e. they relate to the survival probability of individuals of each genotype in each environment. This means that ﬁtnesses are constants ﬁxed for a given environment, but independent of gene frequencies. This situation is termed hard selection. In contrast, Levene’s model assumes that the zygotes enter the patches with no ﬁxed proportions, but only ﬁxed proportions from either patch contribute to the next generation’s gene pool. Therefore, in this second model what is important is relative ﬁtness (i.e. how organisms perform relative to their neighbours, not in absolute terms). These ﬁtnesses are frequency dependent, because the ﬁtness of a genotype is not only a function of the patch in which it happens to be living, but also of how many other individuals of the same and diﬀerent genotypes are in that patch. The resulting scenario takes the name of soft selection. The consequences of the two sets of assumptions are profound, especially in regard to the fundamental question of how genetic variation is maintained in natural populations (a precondition for any evolutionary change to occur). Under the Dempster model, the only condition that allows a stable genetic polymorphism to be maintained occurs when the heterozygote is ﬁtter than either homozygote (a condition known as heterosis). This condition can be satisﬁed even if heterosis does not occur within either patch, as long as the heterozygote’s ﬁtness is superior when averaged across patches. The Levene model, however, does not allow heterosis to maintain genetic variation. It turns out that there is a narrow set of ﬁtnesses that allow soft selection to maintain a genetic polymorphism, but it is not clear how commonly such conditions actually occur in natural populations. As we shall see below, there are two modiﬁcations of the Levene model that increase the likelihood of genetic variance persisting in a population: habitat selection and multiple-niche polymorphism.



More complex models Random-mating population Figure 1 The common structure of Dempster’s and Levene’s models. A random-mating population is split into two patches, where each genotype (one locus, two alleles) is characterized by a distinct fitness (different between the two patches). A new random-mating population is then generated and the process starts all over again. The major difference between the two submodels is that Dempster’s uses absolute fitness (hard selection), while Levene’s uses relative fitness (soft selection) (not shown – see text for discussion).
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Both the Dempster and the Levene models are very simpliﬁed representations of the genetic and environmental complexity that is actually found in nature. Population genetics theory has progressed to consider more realistic, but mathematically much more cumbersome, situations. The simplest extrapolation of these models deals with the case of multiple alleles at a single locus. When multiple alleles can combine in a diploid genotype, heterosis can occur because of the properties of the many possible
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heterozygotes. However, theory shows that it is increasingly diﬃcult to maintain genetic variation due to heterosis when the number of alleles in the system increases substantially. That is because all of the possible heterozygotes have to be ﬁtter than all of the homozygotes. The question of whether this is the case is a matter of empirical evidence, but the condition is mathematically very stringent. Furthermore, there are some types of heterozygote advantage that do not imply a stable polymorphism in the population. Eventually, population genetics theory has to concede to quantitative genetics, a branch of mathematical biology capable of dealing with the eﬀects of many alleles at many loci simultaneously. However, there is a price to be paid for the ability of quantitative genetics to generalize its results to a variety of realistic situations (Pigliucci and Schlichting, 1997). The simpler models of population genetics can be (mostly) solved analytically, that is one can ﬁnd general properties of the systems under study that are valid under all circumstances that do not conﬂict with the model’s assumptions. In quantitative genetics, on the other hand, the treatment of the system is of a statistical nature, and all conclusions become probabilistic by deﬁnition. Furthermore, quantitative genetics has to make a series of simplifying assumptions about the nature and action of the genes that control a given characteristic. To what extent such assumptions are realistic is a current topic of intense research and discussion.



Evolutionary Outcomes of Environmental Heterogeneity One of the most important theoretical tenets of population genetics is the so-called ‘fundamental theorem of natural selection’, elaborated by Fisher during the ﬁrst decades of the twentieth century (Fisher, 1930). In nonmathematical terms, the theorem states that the rate of increase of mean ﬁtness in a population is equal to the genetic variance in ﬁtness of that population. In other words, selection will increase ﬁtness whenever there is genetic variation for characters related to ﬁtness, and at a rate proportional to the amount of such variation available. When Fisher proposed his fundamental theorem he was looking for nothing less than the biological equivalent of the basic laws of physics, such as the principles of thermodynamics. It turns out that his result is in fact much more modest than what he was hoping for. The ‘fundamental’ theorem only applies to one-locus viability selection models, and its predictions do not always hold even for one-locus fecundity selection models, not to mention for multiple loci. Another assumption embedded in Fisher’s theorem, however, is that the environment (the ‘adaptive landscape’, to use a metaphor introduced by Fisher’s rival, Sewall Wright, 1931) is actually constant. But environments are



always variable, and this variability can take many forms, both in space and in time. In the following, some of the most likely outcomes of evolution in response to environmental heterogeneity will be discussed brieﬂy, especially in the context of the problem of how genetic variation is maintained under natural conditions.



Specialists versus generalists Classical evolutionary ecology has recognized two distinct strategies of adapting to the environment: specialists and generalists. A specialist is an organism that is very capable of exploiting a limited set of environmental circumstances, while a generalist can live on a wider range of conditions. The implicit trade-oﬀ is that the specialist is much less capable than the generalist of thriving in conditions that are outside a fairly limited range, while the generalist is not as good as the specialist in the latter’s particular niche (generalists are often termed ‘Jack-of-all-trades-master-ofnone’). The expectation from theory (as well as common sense) is that specialists will evolve under either of two circumstances. In one case, there may be a high cost (metabolic or otherwise) associated with being a generalist. The actual distribution of resources in the environment might not justify such a cost. In the second case, it could be that the available resources are so diﬀerent in nature that it is impossible for selection to produce a single phenotype suﬃciently adapted to all conditions. For example, many phytophagous (plant-eating) insects have to deal with a variety of defence mechanisms evolved by plants. Some of these mechanisms may include morphological changes, such as the appearance of trichomes (leaf hairs) or spines. Others may be more subtle, such as the production of secondary metabolites that act as poisons to deter the insect. If an insect feeds on a variety of plants that happen to be phylogenetically closely related, and if these plants produce similar chemical defences, the insect may be able to evolve as a generalist capable of exploiting the whole range of resources. But if the plants had time to evolve radically distinct chemicals, the metabolism of a single species of insects may not be ﬂexible enough to sequester or eliminate all of the diﬀerent poisons. In the latter case, evolution is more likely to produce a series of specialist insects, each matching a restricted subset of the available plants. More recent literature has equated specialization with the concept of ‘ecotype’ (which is deﬁned as a genetically distinct group of organisms well adapted to speciﬁc environmental conditions, such as alpine environments; Turesson, 1922), and generalism with the idea of phenotypic plasticity. As discussed below, although there are similarities among these concepts, such a straightforward translation between the evolutionary (generalist–specialist) and the ecological (ecotype plasticity) terminology is 3
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not warranted. The theoretical relationship between generalist–specialist strategies and phenotypic plasticity has been discussed by van Tienderen (1997). It is also well to keep in mind that the generalist–specialist dichotomy is actually a continuum of situations, with organisms that can display a range of degrees of specialization, deﬁned by the breadth of their fundamental and realized niches.



Multiple niche polymorphism If the environment is heterogeneous over a fairly large spatial scale, so that it is perceived as essentially coarsegrained by a given species, selection may produce a series of locally adapted forms. This leads to what is termed a polytypic species, that is the evolution of genetically distinct populations, each well suited to a fairly speciﬁc realized niche within the fundamental niche of the species as a whole. For example, some species of plants include populations that are particularly resistant to the presence of heavy metals in the soil. Predictably, heavy metaltolerant populations are only found at locations where heavy metals occur. A polytypic species can be thought of as one way in which natural selection can maintain genetic variation within species. However, this is a rather borderline situation. First, not much genetic variation would be expected to be present within each population of a polytypic species, because those individuals would have to be well adapted to whatever environmental grain they happened to colonize. Second, in order to maintain the polytypic status, there would have to be little gene ﬂow among individuals belonging to diﬀerent subpopulations, because otherwise the ensuing genetic recombination would break down whatever adaptive complexes of genes allow each race to survive in its own environment. But if that is the case, then the local races would be expected gradually to diﬀerentiate genetically, until eventually they would originate a series of specialist species, no longer interbreeding among themselves. This is a likely scenario given the circumstances under discussion, but it would only temporarily maintain genetic variation within a species. Therefore, the circumstances leading to the existence of polytypic species does not constitute a viable explanation for the presence of high levels of genetic variation in natural populations.



Habitat selection Another possible response to spatial environmental heterogeneity is what has come to be termed ‘habitat selection’. The idea is that mobile organisms (i.e. most animals) are capable of exploring their surroundings, often moving between diﬀerent patches of resources. If that is the case, then an organism that happens to land on an 4



unfavourable patch could simply relocate somewhere else and not suﬀer the consequences of adverse selection. For example, larvae of many marine invertebrates are characterized by a free-ﬂoating stage early in their life cycle. They then settle onto a particular spot where they develop into adult forms. However, some of these organisms are capable of leaving that spot if it is unfavourable to their requirements, and settle at a brief distance away, in a potentially more suitable environment. Habitat selection plays an important part in our understanding of the evolution of animal behaviour. A form of habitat selection can occur in plants as well, although through a quite distinct mechanism. Because of generally limited dispersal, most of the oﬀspring of a given mother plant will land in an environment very similar to the one experienced by the parent. Since presumably the parent was well adapted to that patch (enough at least to reach sexual maturity and to produce viable oﬀspring), the next generation will also be equipped with a suitable genetic make-up. This form of habitat ‘selection’ can explain a peculiar phenomenon among plants known as ‘outbreeding depression’. It takes its name from the more widespread and relatively well understood inbreeding depression. Inbreeding depression is the case in which new generations are produced out of breeding among close relatives (or, in the extreme case, by self-fertilization). This homogenizes the genome, reducing the degree of heterozygosity at all loci. As a result, many recessive deleterious mutations that were previously undetectable by natural selection manifest themselves on the phenotype, reducing the overall ﬁtness of the population. The counterpart of inbreeding depression is that outbreeding (i.e. crossing with individuals that are not close relatives) is beneﬁcial because it brings new genes into the population and avoids high levels of homozygosity. In the case of plants, outbreeding occurs with individuals that are not too close in space to each other, because plants are not mobile and clusters of individuals in the same place tend to be close relatives. But genes imported from too far away, that is from diﬀerent environmental patches, will not be adapted to the local environmental conditions. This causes a reduction in ﬁtness in the population associated with outbreeding.



Phenotypic plasticity Phenotypic plasticity is deﬁned as the property of a given genotype to produce diﬀerent phenotypes in response to distinct environmental conditions (Bradshaw, 1965). At face value, plasticity may seem the ideal solution to the problem of environmental heterogeneity: all that is needed is to select for a genotype that produces the best phenotype tailored to each of the environmental patches to which the organism may be exposed during its lifetime. In a sense, this would be a generalist that is as good as any specialist in any
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particular set of conditions. Such a phenomenon of nature has been termed a ‘Darwinian monster’. If this outcome of evolution were possible, there would be very few species of organisms, because the same species could adapt to a multitude of environments. Obviously, this has not happened, even though plasticity is a widespread phenomenon in all kingdoms. The reasons for the lack of Darwinian monsters are probably the same reasons that explain why specialists evolved in the ﬁrst place. To be a Darwinian monster is either too costly, or genetically impossible given the panoply of environments to which the organism should be adapted. This parallelism between plasticity and generalism has led to the conclusion that the two terms are synonyms. Similarly, an ecotype has been equated to a specialist. While the latter comparison may hold up to scrutiny, the ﬁrst one does not. At least, one needs to specify what kind of plasticity is being considered. Ecological geneticists have long concluded that there is no such thing as a plastic or nonplastic organism, but that diﬀerent degrees of plasticity can be characteristic of diﬀerent traits of the organism’s phenotype. Even the same trait can display distinct patterns of response to the environment (i.e. diﬀerent plasticities) depending on what environment it is being exposed to. For example, a plant can ﬂower earlier in the season in response to poor light availability (e.g. because of a canopy of other plants), but ﬂower later than normal if weather conditions have been favourable throughout the year. Likewise, the size and shape of insect wings are aﬀected in a diﬀerent manner by temperature and crowding. So, is there any relationship between being plastic and being a generalist? It depends. If one is considering phenotypic plasticity for ﬁtness characters, then a generalist is by deﬁnition nonplastic. Plasticity for ﬁtness means that the genotype performs very well under a speciﬁc set of conditions, but does poorly under others, i.e. it is a specialist. On the other hand, Sultan (1987) has pointed out that a consistent level of ﬁtness across environments may be achievable because of plasticity in other traits. For example, many plants can live on land and partly submerged, and manage to produce oﬀspring regardless of the environmental conditions. One of the strategies they use is to produce diﬀerent kinds of leaves above and below water (heterophylly), with each kind more suitable to continue photosynthesis in one of the two environments. Similarly, some amphibians can live all their life in ponds as aquatic animals. However, if conditions become crowded, or the pond is about to evaporate owing to high temperatures, they go through a metamorphosis that allows them to become entirely terrestrial animals (Whiteman, 1994). In either case, it is the plasticity of some traits (leaf or body shape) that allows the organism to maintain a consistent level of ﬁtness across environments.



Consequences for the problem of genetic diversity The consequences that the evolutionary outcomes induced by environmental heterogeneity can have for the maintenance of genetic variation in natural populations have already been discussed. Along the specialist–generalist continuum, one might hypothesize that a specialist can be genetically ﬁxed, while a higher level of heterozygosity brings more ﬂexibility to the genotypic repertoire, and therefore can aﬀord a more generalist phenotype. While this has been repeatedly suggested in the literature, the evidence linking average genetic variation across the genome and niche breadth is shaky at best (Mitton and Grant, 1984). As has been pointed out, multiple niche polymorphisms actually yield polytypic species, and therefore represent at best a transient mode of maintaining genetic variation in nature. A similar reasoning applies to habitat selection, since in the long run there is the possibility of obtaining a series of genotypes adapted to speciﬁc environmental grains and always occurring there. From a theoretical standpoint, however, both multiple niche polymorphisms and habitat selection are variations on the Levene model, and relax its strict limits for conditions maintaining genetic variation. The role of phenotypic plasticity in this respect is still under intense investigation. The simple hypothesis that plasticity is inversely related to heterozygosity has been discarded on empirical grounds, therefore precluding a simple relationship between plasticity and genetic variation. Some authors have suggested that plasticity may ‘slow down’ natural selection, because the environmentally induced variation in the phenotype protects the genotype from direct screening. However, this idea, too, is based on a misconception of what plasticity actually is. Phenotypic plasticity is a genetic phenomenon, not just a result of environmental noise. Plastic responses can be diﬀerent among diﬀerent genotypes, so natural selection can act on plasticity itself, rather than on the expression of a trait in a particular environment.



Empirical Evidence In order to be predictive, a science needs to be quantitative. It is no surprise then that a great deal of eﬀort has been put by ecologists into measuring environmental conditions, both biotic and abiotic. The aim is to derive generalizations about the relationships between organisms and the environment in which they live. All this eﬀort notwithstanding, our comprehension of the complexities of ﬁeld ecology is still frustratingly limited. In what follows two aspects of this ongoing eﬀort that have provided particularly insightful results will be discussed: measurements of 5
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the degree of environmental heterogeneity with direct and indirect methods, and measurements of the observable patterns of natural selection in the ﬁeld.



Measuring environmental heterogeneity There are two fundamentally distinct approaches to estimating environmental heterogeneity under ﬁeld conditions: what Bell and Lechowicz (1991) call the direct and indirect methods. The indirect method consists of quantifying a series of parameters describing the biotic and abiotic conditions of the environment. For example, one could measure the abundance of species surrounding the focus species, or quantify the amount of light reaching the soil, or track the ﬂuctuations in temperature throughout the day or seasonally. The direct method uses the organism itself as an indicator of environmental quality. The idea is that the higher the ﬁtness (however measured) of an organism, the better is the quality of the environment for that organism at that location. If one uses genotypic replicates of the same individuals to control for genetic eﬀects (for example full siblings in animals, or clones in plants), it is possible to assess how the same genotype perceives the environment in diﬀerent spots. When both approaches have been carried out, the emerging picture is that environments are complex and highly heterogeneous at all spatial scales examined. Of course, the further apart two sites are, the more distinct environmentally they appear, but the startling ﬁnding has been that similarity of adjacent environments can be very low. This has fundamental consequences for the ﬁtness of organisms, since it translates into a high degree of diﬃculty in predicting in which environment the next generation will develop. In fact, Bell and Lechowicz have demonstrated environmental heterogeneity at scales comparable to plant’s dispersal radii and to the typical size of their genetic neighbourhoods.



Measuring selection at different scales A diﬀerent direct approach to measuring environmental heterogeneity is the estimation of selective pressures. Such estimates do not give us any information on what is actually changing in the environment in order to cause variation in ﬁtness in the organisms. However, the researcher does get valuable data on the evolutionarily relevant subset of environmental variability, the one that directly aﬀects the survival or reproductive capabilities of organisms. This result can then guide research into speciﬁc environmental inﬂuences on ﬁtness variation. Stratton (1995) has coupled estimates of variance in plant ﬁtness in the ﬁeld with more classical measurements of the physical environment. He and his collaborators have shown that selection can vary signiﬁcantly over scales as small as 20 cm, while selective pressures were similar 6



among sites located more distantly from each other. This implies that the relevant scale of ecological experiments might be much smaller than we once thought: instead of comparing organisms living kilometres apart, we might gain better insights into the dynamics of natural populations by focusing on the diﬀerences between adjacent sites, at scales comparable to the genetic neighbourhood of an organism. It seems that all ecology is indeed local. Stratton was less successful in pinning down the physical causes of such environmental heterogeneity: only a small percentage of the variance in ﬁtness over the experimental plots was explained by physical measurements of nutrient availability. This once more reinforces the notion that while it is trivial to conclude that the environment varies dramatically, it is extremely arduous to actually pinpoint the most important causes of such widespread variation.
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quantitative genetics, a branch of mathematical biology capable of dealing with the effects ... (generalists are often termed 'Jack-of-all-trades-master-of- none'). 






 Download PDF 



















 249KB Sizes
 1 Downloads
 275 Views








 Report























Recommend Documents







[image: alt]





Environmental Heterogeneity: Temporal and Spatial 

and Spatial. Massimo Pigliucci,University of Tennessee, Knoxville, Tennessee, USA ..... soil, or track the fluctuations in temperature throughout ... Princeton, NJ:.














[image: alt]





Non-linear ecological processes, fires, environmental heterogeneity ... 

Data analysis. We tested data for normality; data were then log-transformed. as needed, prior to analysis. If no transformation yielded normal. data, we used ...














[image: alt]





Temporal-Spatial Sequencing in Prosodic ... 

Waseda University/MIT and California State University, Fullerton. 1. .... words on a reading list, and therefore she could not use contextual clues to arrive at a ...














[image: alt]





Temporal and spatial variability of sedimentary organic ... 

Temporal and spatial changes in sedimentary organic matter have been studied in several ..... data for the two beaches of the temporal study (BarranËœa and.














[image: alt]





A proof theoretic view of spatial and temporal ... 

Apr 25, 2016 - the meta theory and tools developed for linear logic to specify and verify bio- chemical systems ...... [Fn14]PM (fibroblast growth factor inducible immediate early response protein 14) but also to the receptor [TNFRSF25]PM (tumor necr














[image: alt]





Spatial-Temporal Optimisation for Adaptive ... 

spatial-temporal, multi-objective optimisation for sustainable forest management in dynamic .... our RL optimisation tool has to meet new challenges. First of all ...














[image: alt]





Modelling Spatial and Temporal Forest Cover Change ... 

Oct 1, 2008 - E-mail: [email protected] ... presented a technical challenge. .... support system with appropriate fuzzy membership functions into single ...














[image: alt]





Spatial and temporal variability of seawater properties ... 

open, sandy coastal area known for the occurrence of patches of fairly large amounts of muddy sediments ... winds from NE and from SW account for, respectively, $22% and ..... exhibits an alternating pattern of offshore (positive) and onshore.














[image: alt]





Improved Spatial and Temporal Mobility Metrics for ... 

to the application layer. Analytic modeling and simulation are amongst the most used methods for evaluating MANET protocols. The former has limitations due to ...














[image: alt]





Spatial and Temporal Utility Modeling to Increase Transit Ridership 

Jun 20, 2005 - We are grateful to UCSB Transportation and Parking Services, ... There are, however, some areas that are served with good access to the ...... the provider's standpoint also need to be addressed. .... To reach undergraduates en masse b














[image: alt]





Species richness, environmental heterogeneity ... - Wiley Online Library 

University of Crete, Irakleio, Greece and. 3Department of Ecology and Evolutionary. Biology, University of Arizona, 1041 East. Lowell Street, USA. *Correspondence: K. A. Triantis, Natural. History Museum of Crete, University of Crete,. PO Box 2208, 7














[image: alt]





Spatial and temporal deforestation dynamics in ... - Springer Link 

Spatial and temporal deforestation dynamics in protected and unprotected dry forests: a case study from Myanmar. (Burma). Melissa Songer Ã† Myint Aung Ã† Briony Senior Ã† Ruth DeFries Ã†. Peter Leimgruber. Received: 4 January 2008 / Accepted: 18 Sept














[image: alt]





Temporal and spatial variations in maximum river ... 

discharge signal through the river system. Human influen- .... To define consistent records of spring maximum discharge ..... filling (Figure 5). Changes in other ...














[image: alt]





Spatial and temporal variations in eye-fixation-related ... 

recovery of the lambda response generated by changes between periods of brightness ... pauses by averaging data starting with the ..... Amsterdam: Elsevier.














[image: alt]





Spatial and temporal variations in streambed hydraulic conductivity ... 

We used these data to assess changes in streambed hydraulic conductivity with time, as a function ... as sediment was deposited on the streambed during low flow conditions. ... orheic exchange, a process that influences the quantity and qual-.














[image: alt]





Improved Spatial and Temporal Mobility Metrics for ... 

To support the growth and development of mobile ad hoc networks .... where PC(i, j, t) is the pause correlation between nodes ..... 365â€“389, April 2009. 195.














[image: alt]





How do trees affect spatio-temporal heterogeneity of ... 

nutrients and shade on tree-grass interactions in East-African savan- nas. J. Veg. Sci. 12: 579â€“588. Ludwig F., de Kroon H., Berendse F., and Prins H.H.T., 2004.














[image: alt]





How do trees affect spatio-temporal heterogeneity of ... 

Statistical Analysis. The data collected presented both spatial and temporal correlation so, to accurately test for differences between sample points, and since.














[image: alt]





No Mangos in the Tundra: Spatial Heterogeneity in ... 

the conceptual desirability of technology heterogeneity across countries to reflect the ...... Center for Global Development Working Papers #171. ..... education,.














[image: alt]





Soil spatial heterogeneity in Mediterranean ecosystems 

e semi-deciduas de VerÃ£o). Os resultados obtidos mostram que a disponibilidade de azoto mineral (nitrato e amÃ³nio) e a concentraÃ§Ã£o de matÃ©ria orgÃ¢nica variaram consideravelmente ao longo da Ã¡rea de amostragem, mesmo na proximidade dos indivÃ














[image: alt]





Small-scale spatial heterogeneity of arbuscular ... 

minimize spatial variation through statistical analysis and ... Due to this sampling and analytical ..... Mantel's correlograms were used with the data broken into.


























×
Report Environmental Heterogeneity: Temporal and Spatial





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















