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Summary 1. Functional variability (FV) of populations can be decomposed into three main features: the individual variability of multiple traits, the strength of correlations between those traits and the main direction of these correlations, the latter two being known as ‘phenotypic integration’. Evolutionary biology has long recognized that FV in natural populations is key to determining potential evolutionary responses, but this topic has been little studied in functional ecology. 2. Here, we focus on the arctico-alpine perennial plant species Polygonum viviparum L.. We used a comprehensive sampling of seven functional traits in 29 wild populations covering the whole environmental niche of the species. The niche of the species was captured by a temperature gradient, which separated alpine stressful habitats from species-rich, competitive subalpine ones. We sought to assess the relative roles of abiotic stress and biotic interactions in shaping different aspects of functional variation within and among populations, that is, the multi-trait variability, the strength of correlations between traits and the main directions of functional trade-offs. 3. Populations with the highest extent of functional variability were found in the warm end of the gradient, whereas populations exhibiting the strongest degree of phenotypic integration were located in sites with intermediate temperatures. This could reveal both the importance of environmental filtering and population demography in structuring FV. Interestingly, we found that the main axes of multivariate functional variation were radically different within and across population. 4. Although the proximate causes of FV structure remain uncertain, our study presents a robust methodology for the quantitative study of functional variability in connection with species’ niches. It also opens up new perspectives for the conceptual merging of intraspecific functional patterns with community ecology. Key-words: alpine plants, ecological niche, functional traits, intraspecific variation, lines of least resistance, phenotypic integration, variance-covariance matrix



Introduction Intraspecific phenotypic variability has recently emerged as an important topic in the field of plant community ecology (Violle et al. 2012). Several studies have shown that, contrary to previous expectations, plant functional traits that vary between species across environmental gradients and are related to community assembly could also be highly variable within species and even within populations (Ship*Correspondence author. E-mail: [email protected]



ley & Almeida-Cortez 2003; Albert et al. 2010b). Accounting for this variability has proven to be crucial in answering various questions in plant ecology (see Jung et al. 2010 for community assembly; de Bello et al. 2011 for diversity measures; De Frenne et al. 2011 for functional strategies). To date, the study of intraspecific phenotypic variability in community ecology has remained mainly univariate (i.e. traits were studied separately, Violle et al. 2012 but see Reich et al. 2003; Albert et al. 2010a), although it is the entire trait syndrome that influences individual’s fitness and can be linked with species’
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Functional variability in wild populations environmental niches (Reich et al. 2003; Wilson & Nussey 2010). This lack of knowledge of the multivariate structure of functional traits at intraspecific level is particularly embarrassing. Indeed, there has been wide recognition in the field of evolutionary quantitative genetics that the variability of single traits as well as the correlations between them at the population level can be key in driving local adaptation, shaping the boundaries of species’ niches and determining their evolutionary potential (Kirkpatrick & Barton 1997; Gomulkiewicz & Houle 2009; Lavergne et al. 2010). In this paper, we use the term ‘functional variability’ (hereafter FV) to jointly refer to the amount of variance in multiple functionally related traits (i.e. single-trait variances) and to the pattern of covariation between these traits, this later characteristic being known as ‘phenotypic integration’ (Pigliucci 2003). The functional variability of a population can be summarized by its phenotypic variancecovariance matrix and visualized as an ellipsoid in a multidimensional trait space (Fig. 1). This ellipsoid has three main features: (i) the extent of functional variability (hereafter FV extent), which represents the overall amount of phenotypic variability, is the volume of the ellipsoid; (ii) the shape of functional variability (hereafter FV shape), measured as whether the ellipsoid is closer to a sphere or to a segment, which describes the strength of the correlations between the different traits (i.e. the intensity of phenotypic integration) and (iii) the direction of functional variability (hereafter FV direction), which represents the main direction of variation in the multi-trait phenotypic space, is the main direction of the ellipsoid. Based on this methodology, studying the link between multi-trait intraspecific FV and the ecological niche can be broken down into three main questions. First, concerning FV extent, it is crucial to understand how it varies within the niche from its core to its edge. Several hypotheses exist regarding the mechanisms driving FV extent. On the one hand, stressful abiotic environments should reduce intraspecific FV due to strong directional selective pressures resulting in the environmental filtering of adapted phenotypes (Keddy 1992; see Arnold et al. 2008 for the effect of selection on genetic
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variability). This kind of strong environmental filtering is frequently observed at the interspecific level in extremely arid or cold environments where functional diversity at the community level is reduced (Cowling et al. 1994; de Bello, Leps & Sebastia 2006). On the other hand, strong biotic interactions in species-rich communities could result in larger intraspecific FV. Indeed, in such diverse communities, many different kinds of competitors with varying ecological strategies and different functional traits are likely to be encountered by different individuals of a same species. This should drive divergent selection and character displacement in different directions for different individuals in order to reduce competition for resources with individuals from other species (Brown & Wilson 1956), thus resulting in a wider spectrum of functional strategies in the local population (Reich et al. 2003). In any case, the effect of biotic interactions should be more important for traits that are related to coexistence mechanisms than for traits involved in the tolerance to abiotic conditions. Secondly, it is important to understand what are the drivers of FV shape, and in particular in which part of the environmental niche the most integrated phenotypes are found. Theory predicts that correlational selection should be the main driver of strongly integrated phenotypes (Arnold et al. 2008), even though other genetic mechanisms could also increase trait correlations (Armbruster & Schwaegerle 1996). At the intraspecific level, phenotypic integration in plants has mainly been studied on floral morphology, with the recognition that strong selective pressures imposed by pollinators are responsible for the high degree of integration in floral structures (Berg 1960; Ordano et al. 2008; Armbruster et al. 2009). Concerning vegetative traits, it has been observed that plant species living in harsh environments often exhibit suites of functional traits that are strongly correlated (Chapin, Autumn & Pugnaire 1993). Several experimental studies have supported this view at the intraspecific level. For example, Gianoli (2004) showed that traits related to resource acquisition and growth in Convolvulus arvensis are more tightly correlated when environmental stress increases, which might be due to stronger energetic trade-offs between



Fig. 1. Graphical representation of the functional variability of a population as an ellipsoid. Each of the three characteristics of FV translates into different kinds of ellipsoids, as exemplified by the pictures. Statistical measures of each characteristic are presented. P is the variance-covariance matrix of the selected traits. P′ is their correlation matrix. © 2013 The Authors. Functional Ecology © 2013 British Ecological Society, Functional Ecology, 27, 382–391



384 F. C. Boucher et al. several physiological functions (see also Schlichting 1989). According to these observations, we would expect that the most integrated populations be found at the niche edges, and particularly where abiotic conditions are limiting. However, Tonsor & Scheiner (2007) have found an opposite result in Arabidopsis thaliana, where the overall degree of phenotypic integration does not change with CO2 availability. Thirdly, examining FV direction provides interesting insights into the main drivers of functional trade-offs and the main axes of multivariate phenotypic variation at the population level. On the one hand, environmental factors could impose certain energetic constraints and thus settle trade-offs between several traits, resulting in natural selection shaping the main direction of phenotypic variation (Schluter 1996; Webb et al. 2010). This has been exemplified at interspecific level by the leaf economics spectrum, a single axis of variation that captures most of the variance in key foliar traits over thousands of plants from all around the world (Wright et al. 2004). However, if selection is the main driver of FV direction, there are no reasons why two populations that face different environments could not have different main axes of phenotypic variation. On the other hand, genetic factors like pleiotropic effects, random drift, asymmetric gene flow between source and sink populations or linkage disequilibrium between traits can increase correlations between certain pairs of traits and thus set the main directions of FV (Armbruster & Schwaegerle 1996; Gomulkiewicz & Houle 2009). In the case of extremely strong genetic control on FV direction, these directions should be the same among populations and within different populations (Sokal 1978; Armbruster & Schwaegerle 1996). In this paper, we examine how these three different aspects of FV vary across the environmental niche of the widely distributed arctico-alpine plant species Polygonum viviparum L. Using robust statistical techniques borrowed from quantitative genetics, we studied the multivariate functional variability of different populations in natural conditions along an environmental gradient typical of alpine landscapes (i.e. temperature). We specifically ask the following questions: 1. How does the extent of intraspecific FV vary across spatial scales, that is, what is the importance of intrapopulation trait variability compared to interpopulation trait variability? 2. Does the extent of intraspecific FV increase from the warm to the cold edge of the species’ niche due to the shift from environments dominated by competition to environments dominated by environmental filtering? 3. Is phenotypic integration higher at the edges of the niche due to more stressful conditions that impose stronger energetic trade-offs? 4. Do different populations share the same FV direction? And how does these directions relate to the environmental gradients and to the main direction of FV at the interpopulation level?



Material and methods STUDY SPECIES AND SITE



We chose Polygonum viviparum L. as a model species because of its large environmental niche. This herbaceous perennial occurs in all arctico-alpine regions of the northern Hemisphere. In the Alps, it can be found from the montane belt (starting around 1000 m of altitude), where plant biomass is high and competition for light and nutrients severe, to the upper alpine level (ending at c.a. 3000 m a.s.l.), where the environment is harsher and physiological limitations are stronger (K€ orner 1999, see Appendix S2). It has a preference for relatively moist habitats. The species has the specificity of bearing both flowers and bulbils (clonal reproductive organs) on the flowering spike. We studied the species in the central French Alps Guisane Valley (Fig. S1, Supporting information) where it occurs in a variety of ecological contexts (from forests dominated by Larix decidua Mill. to alpine screes). To maximize the environmental differences between sites (Albert et al. 2010c), we stratified the sampling design following two independent gradients known to have high impact on the physiology of alpine plants (K€ orner 1999): mean annual temperature and solar radiation in June. These two variables were selected from a set of climatic variables interpolated at 50-m resolution Aurelhy model, (Benichou & Le Breton 1987) extracted from all known occurrence points for P. viviparum in the Guisane valley (data collected by the National Botanical Alpine Conservatory, http://www.cbn-alpin.fr/). The selection was made by choosing two orthogonal gradients that strongly correlated with the two first axes of the principal component analysis conducted on this set of variables (results not shown). Temperature was the main environmental gradient and the primary determinant for P. viviparum’s environmental niche in our study area (Thuiller et al. 2010; Boulangeat, Gravel & Thuiller 2012). This climatic variable acts on plant physiology and phenology, with colder sites being subject to more frequent frost events even during the summer and experiencing a shorter growing season. Temperature also plays an indirect biotic role in conjunction with soil by discriminating between warm productive species-rich habitats and cold unproductive species-poor habitats (K€ orner 1999). Using botanical surveys to estimate species richness per site as well as a spectral measure of overall biomass per area (NDVI, see Appendix S2), we confirmed that mean annual temperature was indeed positively correlated to both species richness (R2 = 0!10, P = 6e–5) and biomass per area (R2 = 0!28, P = 0!0005). This led us to interpret the temperature gradient as a climatic gradient influencing plant physiology and phenology but also as a gradient discriminating between sites mainly dominated by biotic vs. abiotic constraints. Such a contrast between the limiting role of abiotic stress at the cold end of the distribution and the primary importance of biotic interactions at the warm end of the distribution has recently been confirmed for several alpine plant species, including P. viviparum (Boulangeat, Gravel & Thuiller 2012). In contrast, even if it is usually an important gradient for alpine vegetation and although we explicitly sampled along it, solar radiation did not explain any FV characteristic at the population level: its influence is therefore not discussed in the following of this article. FIELD TRAIT MEASUREMENTS



We sampled 29 populations at altitudes ranging from 1500 m to 2950 m, covering a large proportion of the climatic space occupied by the species in the study area [99% of the temperature gradient and 53% of the radiation gradient, Fig. S1 (Supporting information)]. Measurements were made at each population’s
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flowering peak in order to sample each population at the same phenological stage (July 2010). In each population (10910 m), three subpopulations of 191 m were selected to represent contrasted microenvironmental conditions, using the same methodology as Albert et al.’s (2010b). In each subpopulation, the following functional traits were measured on five randomly selected individuals: maximum vegetative height (Hmax, top of plant photosynthetic tissue); total length of the inflorescence (Hinflo); ratio of sexual reproduction (SEX, ratio of the length of flowers divided by the total length of the spike); leaf dry matter content (LDMC, the ratio of leaf dry mass over fresh mass); specific leaf area (SLA, the ratio of leaf surface over fresh mass); leaf nitrogen content (LNC, the percentage of nitrogen in the dry mass of the leaf) and carbon-to-nitrogen ratio (C:N, the ratio of carbon over nitrogen in the leaf dry mass). These traits relate to various aspects of plant functional strategy (Westoby, Falster & Moles 2002), like resource acquisition and growth rate (LDMC, SLA, LNC, C:N), ability for light competition (Hmax) and reproductive effort (Hinflo and SEX). Foliar traits are known to be physiologically correlated due to leaf economics constraints (Wright et al. 2004) and are thus suited to studying phenotypic integration. However, energetic trade-offs could also arise at the whole plant level due to resource allocation conflicts between growth, longevity and reproduction (Chapin, Autumn & Pugnaire 1993; Enquist et al. 1999; see Diggle 1997 for allocation in P. viviparum); our decision to include Hmax, Hinflo and SEX was intended to include this higher-level trade-off.



The direction of phenotypic integration was compared between populations by determining the axis of maximum phenotypic variation, Pmax (first eigenvector of P, also known as ‘the line of least resistance’, Schluter 1996), for each population. For each couple of populations, one minus the correlation between their Pmax was used to measure the functional distance between them, producing a matrix of functional distances between populations (P-dist). To test whether and how environmental or genetic constraints drive FV direction, we compared P-dist to different environmental distance matrices (Euclidean distance on the climatic plane defined by temperature and radiation and Euclidean distance on the temperature gradient only) and geographical distances using Mantel tests. As the influence of gene flow between populations was expected to mainly play a role at small geographical scales (of the same order of magnitude as the species’ dispersal distance), we also used Mantel correlograms to unravel these small-scale dependencies. We conducted the same analysis on FV direction using Random Skewers (Cheverud 1996) to measure functional distances between populations. Although Random Skewers were originally designed to compare the responses of different populations to putative selection events, they can also be used to compare all kinds of variance-covariance matrices (e.g. Kolbe et al. 2011) and have advantages over Pmax methods in that they compare the properties of entire matrices. This additional procedure was used to back up the results obtained with the Pmax analysis and led to the same conclusions (detailed method, R code and results for Random Skewers are available in Appendix S3).



CHARACTERIZING FUNCTIONAL VARIABILITY IN WILD



ROBUSTNESS OF MATRIX ESTIMATION



POPULATIONS



Overall trait variability To quantify the extent of intraspecific functional variability in the whole data set and understand the structure of intraspecific FV across spatial scales, we first broke down the variability of each trait at different hierarchical levels using mixed effects regression models. To do this, we used intercept models with random effects corresponding to the different levels of hierarchy (i.e. population and subpopulation nested in population). We then extracted the percentage of variance explained by each hierarchical level for each trait. Variance components were estimated using restricted maximum likelihood (REML). To get a finer understanding of trait variation across our study area, we also examined the response of all traits against the temperature gradient, using linear or quadratic models with the same random effects as mentioned previously to account for the hierarchical structure of the data set. P-values for such models were obtained by likelihood ratio tests, using an R function provided by Christopher Moore (http://blog.lib.umn.edu/moor0554/canoemoore/2010/09/lmer_p-values_lrt.html). To quantify FV extent for each population, all traits were transformed to have a mean of zero and a standard deviation of one across the whole sample. Thus, all traits have equal importance in the subsequent analyses. For each population, a variancecovariance matrix for the seven traits was built (P-matrices). Overall trait variability (i.e. FV extent) in a population was measured as the trace of P (i.e. the sum of its diagonal elements), a measure commonly used for genetic variance matrices (Revell 2007).



Phenotypic integration: patterns and causes A matrix of correlations between the seven traits was built for each population (P′-matrices), and the variance of the eigenvalues of P′ was taken as an index of integration (i.e. FV shape, Cheverud, Wagner & Dow 1989), higher values meaning stronger correlations between traits.



Given our sampling implied a low number of measured individuals within each population (i.e. 15), it could impede robust estimation of the P and P′ of each population. We measured the robustness of matrix estimation using a bootstrapping procedure (Cheverud, Wagner & Dow 1989) and found that on average there are 7!1% of chances that differences between two P matrices are not meaningful and 14!3% of chances for P′ matrices (detailed description in Appendix S5). This uncertainty is however counterbalanced by the two main strengths of our approach which are that (i) we studied FV within and among numerous (i.e. 29) populations of the same species, thereby rendering our analyses less sensible to this matrix estimation error, and (ii) followed a stratified hierarchical sampling along in situ and continuous environmental gradients. This should provide a more comprehensive picture of trait variability and integration across the whole niche of the study species than what is generally done under controlled conditions on few discrete environmental conditions.



Results EXTENT OF TRAIT VARIABILITY



Variance decomposition revealed two different cases. In the case of vegetative height (Hmax), most of the variation (73%) was found between populations. Conversely, for all other traits included in our study, around half of the variance occurred between individuals of the same subpopulation (Table 1). Overall, there was little variation between different subpopulations (1–21% depending on the trait). The subsequent analyses carried out at population level were then justified, as FV was rather high within populations. All of the traits we studied except SEX showed a significant relationship with mean annual temperature (see
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386 F. C. Boucher et al. Table 1. Variance decomposition of the different traits. The percentage of variance explained by the different hierarchical levels is shown for each of the seven functional traits. Coefficients of variation are presented in the last row Hierarchical level/Trait Population Subpopulation Individuals Coefficient of variation



Hmax
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Hinflo



LDMC



SLA



C:N



LNC



73 6 21 0!43



17 21 62 1!52



46 8 46 0!34



42 6 51 0!14



56 10 34 0!28



38 1 61 0!26



42 3 55 0!24



Fig. 2). Mean population values of LDMC and LNC decreased with temperature, while SLA, C:N and Hinflo increased with temperature. Hmax showed a quadratic relationship, reaching a maximum value for intermediate temperatures. FV extent (overall trait variability) in each population positively correlated with the mean annual temperature of the site (R2 = 18%, P = 0!012, see Fig. 3). No significant relationship was found with solar radiation. PHENOTYPIC INTEGRATION



The strength of phenotypic integration was in general relatively high for all populations. Indeed, under the assumption of no correlation between the seven traits studied and given that we sampled 15 individuals per population, the expected value for the integration index is 0!4 (Wagner 1984). To evaluate a confidence interval for that value, we
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built a null distribution for the integration index by randomly sampling seven trait values for 15 individuals (Gaussian traits, 100 000 resamples) and computing the integration index. We obtained a 95% quantile of 0!75. Observed values of phenotypic integration across the 29 populations were always significantly stronger than randomly expected (min = 0!77) and were on average rather high (mean = 1!23). This integration showed a triangular relationship with mean annual temperature (Fig. 3). This result was not dependent on the traits included in P (results not shown). Quantile regressions confirmed that the most integrated populations were found at the middle of the temperature gradient, which corresponds to the niche core: the 75% percentile of the distribution of integration values shows a quadratic relationship with temperature (P-value = 0!022). The main directions of phenotypic integration, estimated by Pmax, generally correlated between populations (cor = 0!48 " 28). No general line of least resistance emerged although most of the Pmax were directed towards high variance in LNC. Interestingly, the main direction of phenotypic variation for all 29 populations pooled together is orthogonal to this dominant intrapopulation direction (results from a PCA, see Fig. 4). The differences in the main directions of phenotypic integration between populations were not explained by environmental nor geographical distance, as all the Mantel tests were non-significant (P-values = 0!328; 0!793 and 0!668 for environmental, temperature and geographical distances, respectively). However, FV direction in
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Fig. 2. Response of functional traits to the temperature gradient. Individual trait measures for all traits except SEX are plotted in grey. Black lines show the regression lines (quadratic regression in the case of Hmax). © 2013 The Authors. Functional Ecology © 2013 British Ecological Society, Functional Ecology, 27, 382–391
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Fig. 3. Left panel: Relation between overall trait variability (FV extent) and mean annual temperature. Black dots represent each of the 29 populations sampled. The regression line is drawn in grey (P = 0!012). Overall trait variability increases with temperature. To get an idea of the unit, the extent of FV across the 29 populations equals 7. Right panel: Relationship between the strength of phenotypic integration (FV shape) and mean annual temperature. The parable represents the quadratic regression for the 75% percentile (P = 0!022). The most strongly integrated populations are found on the middle of the gradient. All values are above 0!75 and thus represent significant integration.



populations tended to be positively correlated at short distances [ 























des documents recommandant







[image: alt]





The Sources of Variability in Saccadic Eye 

Aug 15, 2007 - sensory information defining the target of a movement, (2) the central planning of a .... ments had a blocked design. In each block .... ment duration M. Peak velocity vp was defined as the peak value of the norm of the ...... Overall 










 


[image: alt]





The Sources of Variability in Saccadic Eye 

Aug 15, 2007 - actly the same movement several times in succession. From a ... rected based on sensory feedback received during the movement. (Becker, 1989). ..... (1894) further suggest that CVacuity,0 depends on direction. It is smallest.










 


[image: alt]





The sources of variability in the time course of 

Wakamatsu-ku, Kitakyushu 808-0196, Japan b ATR Computational Neuroscience Laboratories, Kyoto, Japan. Abstract. Movement variability plays a vital role in ...










 


[image: alt]





The sources of variability in the time course of 

a. , Mitsuo Kawato b a Department of Brain Science and Engineering, Kyushu Institute of Technology, 2-4 Hibikino,. Wakamatsu-ku, Kitakyushu 808-0196, Japan.










 


[image: alt]





The sources of variability in the time course of 

[2] J. Gordon, M.F. Ghilardi, Ghez, Accuracy of planar reaching movements: I. Independence of direction and extent variability, Experimental Brain Research 99 ...










 


[image: alt]





Unravelling in vitro variables of major importance for the ... .fr 

Nov 16, 2006 - human sera, extraction by weak cation-exchange magnetic beads, and analysis by MALDI-TOF MS we here evaluated pre-analytical variation ...










 


[image: alt]





unravelling the unknown 

Page 4 ... â€œSay you were writing out a copy of Harry Potter by hand. .... best ambassadors, we can see a better tomorrow on the horizon for everyone. Thank you ...










 


[image: alt]





Regulation of water loss in populations of Populus trichocarpa: the 

Xylem air-entry points were less negative in trees from ..... All individuals from the. Palouse and Yakima populations reached zero conductance by. 2.7 MPa.










 


[image: alt]





The demographic history of populations 

bined simulated and empirical data to test whether asymmetric gene flow affects the inference of past ..... 10% of the chains were discarded (i.e. burn-in). We.










 


[image: alt]





Size and functional diversity of microbe populations control plant 

reservoir of the biosphereâ€“atmosphere system and the main nutrient source for ... agricultural practices that enable a decrease in the use of ... chemical composition of SOM along soil profiles. However, .... Carbon stock in FOM decomposers.










 


[image: alt]





The effect of autocorrelation in environmental variability on the 

Sep 21, 2004 - the time of this assessment, and following culling if it took place, the number of .... labels) indicate times at which 50% of the populations had gone extinct. .... 85, 185â€“209. Morales, J. M. 1999 Viability in a pink environment:.










 


[image: alt]





Size and functional diversity of microbe populations control plant 

to date no analysis of the chemical and physical composition of SOM along soil profiles reveals ..... lignin content should have low A value relative to s. In any.










 


[image: alt]





Functional convergence in hydraulic architecture and water relations 

Thus, information on to- tal leaf surface area per plant, leaf dynamics and hydraulic ar- ... 1 Department of Biology, University of Miami, Coral Gables, FL 33124, USA ... tween leaf life span and nitrogen content (Reich et al.1997,. Cordell et al.










 


[image: alt]





Minority cytotypes in European populations of the Gymnadenia 

Sep 21, 2012 - INTRODUCTION. Polyploidy (the multiplication of complete chromosome sets in ...... and GAJU 064/2010/Z), the Estonian Science Foundation.










 


[image: alt]





The Evolution of Mutation Rate in Finite Asexual Populations 

long-term evolutionary trajectory of mutation rate. We obtain three ... tainly possible, can take a risk and innovate, most often through ..... By definition, at stationary distribution, the ratio of .... Â¯w9 Â¼ exp U 9Å® immediately after introduct










 


[image: alt]





Device Names in the Wild: Investigating Privacy Risks of Zero ... 

For instance, Alice is sitting with her iPad in a ... knows the best time to burglarize Alice's home. .... of device connections and service usage in home networks.










 


[image: alt]





Smeets (2002) Nature of variability in saccades 

Feb 12, 2003 - various sources of variability have different effects on the relatively fixed ... tion is large enough to be distinguished from the other two sources of ..... more than thousand saccades for each experiment, we display the ... bins [a 










 


[image: alt]





Nature of variability in saccades - CiteSeerX 

Feb 12, 2003 - To answer this question, we distinguish various sources of variability in peak velocity and ... The variability we want to study is that in the execution of saccades. .... This method was first described by Robinson (1963) and refined 










 


[image: alt]





Predominance of sexual reproduction in Romanian populations 

three different morph classes: (i) a class of sexual morphs including mating ..... For instance, inbreeding could result from assortative mating: a form .... Evolutionary and genetic aspects of aphid biology: a review. ... Mol Ecol Notes 1: 4â€“5.










 


[image: alt]





European Review of Social Psychology Unravelling the ... - Goallab 

Nov 20, 2009 - are functional in reducing deprivation while other responses are not (e.g.,. Hull, 1931) ..... Figure 7. Perceived object size as a function of the experimental treatment (adapted from Aarts ...... Striking when the iron is hot. Journa










 


[image: alt]





European Review of Social Psychology Unravelling the ... - Goallab 

Nov 20, 2009 - behaviour when given access to water later in life (Milgram, 1979; Milgram, .... stage of the experiment participants engaged in a priming task ...










 


[image: alt]





The Role of Execution Noise in Movement Variability 

Oct 15, 2003 - several neural processes such as target localization, movement plan- ning, and movement execution. Here we examine variability resulting.










 


[image: alt]





The role of impulse variability in manual-aiming asymmetries - Research 

The subjects were 12 experimentally naive male and female volunteers, each of whom was paid $10.00 for their participation. In- dividuals were all classified as ...










 


[image: alt]





The Role of Execution Noise in Movement Variability - Computational 

Oct 15, 2003 - variability because motor output (motor commands, muscle contractions .... system so that the arm could move frictionless over the table, and the ...... body-centered frames of reference in direct visuomotor transformations. Exp.










 














×
Report Unravelling the architecture of functional variability in wild populations





Your name




Email




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





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



