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The continuum hypothesis has been proposed as a means to reconcile the con-

tradiction between the niche and neutral theories. While past research has

shown that species richness affects the location of communities along the

niche–neutrality continuum, there may be extrinsic forces at play as well. We

used a spatially explicit continuum model to quantify the effects of envi-

ronmental heterogeneity, comprising abundance distribution and spatial

configuration of resources, on the degree of community neutrality. We found

that both components of heterogeneity affect the degree of community neutrality

and that species’ dispersal characteristics affect the neutrality–heterogeneity

relationship. Narrower resource abundance distributions decrease neutrality,

while spatial configuration, which is manifested by spatial aggregation of

resources, decreases neutrality at higher aggregation levels. In general, the

degree of community neutrality was affected by complex interactions among

spatial configuration of resources, their abundance distributions and the dis-

persal characteristics of species in the community. Our results highlight the

important yet overlooked role of the environment in dictating the location of

communities along the hypothesized niche–neutrality continuum.
1. Introduction
One of the fundamental questions in ecology is which rules drive the assembly of

species in communities [1,2]. The niche theory [3] has been the focal explanation

for many ecological patterns and processes, such as species distributions, species

competitive interactions, community assembly and many more. However, some

have argued that the high diversity of species of the same guilds in seemingly

homogeneous ecosystems cannot be explained solely by niche processes [4,5].

In many cases, stochastic demographic processes and chance dispersal events

play significant roles in structuring ecological communities. Hubbell’s neutral

theory of biodiversity [4] attempts to address the niche theory’s limitations.

The neutral theory demonstrates that simple mechanisms of demographic sto-

chasticity (i.e. birth, death, migration and speciation of equivalent individuals

of different species) can generate realistic biogeographic patterns, such as species

abundance distributions, population size distributions, species–area curves and

range size distributions, even when species are assumed to have identical niche

requirements [6]. However, even Hubbell ([4], p. 24) acknowledged that ‘Actual

ecological communities are undoubtedly governed by both niche-assembly and

dispersal-assembly rules, along with ecological drift, but the important question

is: What is their relative quantitative importance?’

The continuum hypothesis [7–10] emerged from an understanding that

rather than being mutually exclusive, it is possible that the niche and neutral

theories are located at opposite ends of a continuous axis that denotes the rela-

tive contributions of niche and neutral processes to the assembly of ecological

communities. Accordingly, every community can be located at some point

along this continuum, based on the relative contributions of niche and neutral

processes to its composition. For example, tropical forest communities may be

structured more by neutral processes compared with boreal forests, and as such
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may be located closer to the neutral end of the continuum

axis [11]. While communities may be more or less neutral,

no real-world community is truly neutral [6] or fully niche-

based; thus, the ends of the niche–neutrality continuum

exist only in theory [10].

A major limitation of the continuum theory is that it is dif-

ficult to assign real communities to specific locations along

the niche–neutrality axis, because there are no direct ways to

measure neutrality in real world communities. Measuring neu-

trality based on aggregate patterns (i.e. species abundance

distributions) would be ineffective, because both niche and neu-

tral processes can generate identical patterns [6,12,13].

Furthermore, although the neutral theory is sometimes

described as being a null model to the niche theory [14], the

amount of deviation of community structure from the pre-

dictions of null models that test the numbers of significant

species co-occurrences [15] cannot serve as a measure of the

niche–neutrality continuum, owing to the inherent differences

between such null models and neutral models [14]. Also,

the assumption underlying such null-model approaches—

namely, that communities exhibiting species co-occurrence

patterns that do not differ from random patterns (i.e. generated

by null models) may be more neutral than communities that

exhibit strong deviation from random structure—has been

refuted. Communities generated by fully neutral processes

can yield co-occurrence patterns that do differ from random

ones, owing to dispersal limitations [16].

Given the difficulty in quantifying the continuum in real-

world communities, experimental communities and virtual

communities generated by mechanistic models remain the

most promising approaches for evaluating the continuum

theory. Model and analytical studies revealed that neutrality

increases with species richness [8,17], species diversity [13]

and speciation rate [11]. Presumably, there is little niche over-

lap in species-poor communities, and each species holds a

large competitive advantage in locations that satisfy its habi-

tat requirements. When species richness increases along a

finite environmental gradient, there are three possible out-

comes [18]: increased niche overlap, in line with the neutral

theory; increased niche packing, in line with the niche theory;

and increased niche space by either increasing axis length or

number of niche axes. An increase in niche overlap increases

the role of demographic stochasticity in determining commu-

nity composition, because species no longer hold competitive

advantages over other species with similar resource require-

ments [19]. Similarly, an increase in niche packing renders

community assembly highly sensitive to stochastic events,

because the differences in species’ niche requirements are smal-

ler on average. Consequently, each species’s ability to withstand

demographic perturbations owing to stochastic processes is

reduced, and the role of dispersal and chance colonization in

structuring the community increases. Finally, an expansion of

niche space may sustain the roles of niche processes in structur-

ing communities as long as species can use the expanded niche

space to enhance niche differentiation.

Besides the effect of increased species richness, there may

also be extrinsic drivers that affect the location of communities

along the continuum. One such possible driver is spatial

heterogeneity of resources (hereafter environmental hetero-

geneity [20]). In the context of our study, we suggest that

environmental heterogeneity comprises two components:

spatially implicit abundance distribution of resource values

in the environment and the spatial configuration of those
resources (i.e. spatially explicit levels of aggregation across

the environment, which is equivalent to spatial autocorrelation

of resources [21]). Environmental heterogeneity affects many

ecological patterns and processes, such as species abundance

[22], species coexistence [23,24], species richness and commu-

nity composition [25,26], and movement and dispersal of

organisms [21,27–29]. Thus, by affecting propagule flow and

establishment across landscapes, environmental heterogeneity

may have an important effect on the location of communities

along the niche–neutrality continuum. The presence of an

organism at a given location depends on the degree to which

the resource in that location is suitable for the establishment,

survival and growth of the organism (which are all niche pro-

cesses), as well as on the ability of the propagule to arrive in

that location (which can be a neutral process). Therefore,

we hypothesized that the location of a community along the

continuum depends not only on its intrinsic characteristics

(i.e. number of species and their niche characteristics), but

also on the interaction of the niche and neutral processes that

drive community dynamics, according to the heterogeneity

of the environment.

Our objective was to quantify the direct effects of environ-

mental heterogeneity on the location of communities along

the niche–neutrality continuum in simulated ecological

communities. Our secondary objective was to quantify the

interacting effects of the two components of environmental

heterogeneity together with species dispersal characteristics

on the degree of community neutrality.
2. Material and methods
(a) The continuum model
To test our hypothesis regarding the relations between hetero-

geneity and the niche–neutrality continuum, we conducted a

large number of simulations using an expanded version of an

existing spatially explicit continuum model [8]. A brief descrip-

tion of the model follows, highlighting the alterations we made

to fit the spatial nature of our research question (see [8] for a

detailed description of the model). We developed the model in

PYTHON (http://www.python.org) and analysed the results

using R v. 2.15.2 [30].

The model simulates the spatio-temporal dynamics of a vir-

tual community based on a combination of niche and neutral

processes. The community consists of adults and juveniles of

different species, which reside in a landscape grid comprising

128 � 128 square and equal-sized cells. Each cell contains a

single adult individual of a given species, and any number of

juveniles of different species. The landscape grid denotes the

values of a single environmental variable E, which ranges from

0 to 100. Outside the landscape that hosts the community,

there exists a static regional species pool, which comprises the

same species as in the local landscape and supplies a constant

flux of propagules to each cell in the local landscape.

Individuals of different species differ in a single parameter:

niche optimum (or niche centre). Each species has a niche optimum

value which is within the range of the environmental variable

E. Niche optimum values between 0 and 100 are assigned at

random to each species at the beginning of the simulation.

A second niche parameter, s, denoting niche breadth, was identical

for all species (s¼ 5).

The model was built upon the following ecological processes,

which occur at each time step in the following order. (1) Stochas-

tic adult mortality. All individuals of all species have identical

mortality probabilities at each time step. (2) Stochastic local
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dispersal of seeds/juveniles. Surviving adults generate propagu-

les which disperse to their surrounding cells according to a

two-dimensional dispersal kernel which is identical for all species:

Ni(x, y) ¼ N0 � exp � (x� x0)2 þ (y� y0)2

2s2
d

" #
, (2:1)

where Ni is the number of propagules of species i arriving in cell

(x, y) within a certain distance of an adult located at cell (x0, y0),

N0, which we set to 1000, is the number of propagules of species

i arriving in cell (x0, y0), and sd is a shape parameter of the Gaus-

sian kernel, which we altered with kernel size to ensure that an

integer number of propagules will arrive to the far edges of the dis-

persal kernel. (3) Global dispersal from the regional species pool.

Each cell receives a uniform distribution of propagules of all

species from the regional species pool, with the ratio between pro-

pagules from the local and regional species pool controlled by a

model parameter, m [31]. (4) Propagule mortality (and survival).

Propagules die according to niche differences between each propa-

gule species and the cell-specific value of the environmental

variable E. The proportion of propagules that survive to become

juveniles corresponds to the probability of survival for propagules

of species i (li), which is calculated as follows [7,8]:

li(E) ¼ exp
�(E� mi)

2

2s2

" #
, (2:2)

where E is the value of the environmental variable in the cell, mi is

niche optimum for species i and s is niche breadth. (5) Establish-

ment of new adults in cells where the previous adult died. Using

a lottery model [23], a single juvenile is selected at random from

all the juveniles that remained in the cell following step (4). Pro-

cesses (1)–(3) and (5) are neutral, in the sense that they do not

depend on the species identity. Process (4) is niche-based, as it

favours for possible establishment the propagules that are the

most suitable according to their niche requirements (the distance

between their niche optimum mi and E in the cell is smallest).

In all subsequent simulations, we ran the model for 50 time

steps, after verifying that running longer simulations did not

affect the overall level of neutrality. To facilitate a rapid establish-

ment of species in their most suitable locations, there were no

adults present in the landscape at the initial time step, and

each cell had a uniform abundance distribution of juveniles.

We set mortality rate to 25% at each time step. We set m, the pro-

portion of propagules arriving from the regional species pool, to

0.1 in most simulations, to ensure the dominance of local com-

munity processes in shaping community dynamics, while at

the same time allowing for stochastic long range dispersal

events. Similar values of m were used in previous studies

[4,8,32,33]. However, we also tested cases where m was 0.5 to

evaluate mode sensitivity to this parameter. The output of each

simulation was a map of adults after 50 time steps. Owing to

the stochastic nature of the model, we repeated each simulation

500 times per each parameter combination (described below).

We decided to use 500 iterations after testing for the effect of

the number of iterations on our neutrality metric in simulations

with 250 species; we found that the change in neutrality was

much smaller than 1% above 500 simulations.
(b) Quantifying the location along the niche – neutrality
continuum

There is no ubiquitous metric for measuring neutrality. Here, we

built upon the logic of a previous model [8] to design a new

metric that is suitable for the spatially explicit nature of our analy-

sis. Species in niche-based communities are expected to follow

deterministic succession (where, after a sufficient period of time,

each cell will host the species that is the most suitable for the

cell’s conditions). Therefore, in niche-based communities, the
same species is likely to reside in a given cell in all simulations

with identical parameter combinations. By contrast, species in neu-

tral communities exhibit a random-walk across space, and it is

likely that in different simulations with identical parameters,

different species will reside in a given cell. We calculated Simp-

son’s evenness for each cell, based on the identities of the adults

that resided in it at the end of each one of the 500 simulations.

We calculated evenness for each cell in the following manner:

evenness ¼ 1

Scell

PScell

i¼1 pi
2

, (2:3)

where Scell is the total number of species appearing in the cell

across all simulations, and pi is the relative abundance of species

i in a given cell (here, the number of simulations in which species

i resided in the cell at the end of the simulation divided by 500

simulations). We then averaged the cell-based evenness across

the entire landscape. Evenness values ranged from 1/S to 1.

High evenness values indicate more neutral conditions, as species

identity in each cell varies among simulations. By contrast, low

evenness values reflect situations where a single or a few species

tend to dominate a cell repeatedly, suggesting niche-like dynamics.

In the unique case in which a single species occupies a cell across

all iterations, evenness equals one, even though the system exhibits

strong niche-like dynamics. In such cases, we corrected the metric

value to the lowest possible evenness level, 1/S, where S is the total

number of species in the community. Despite the useful charac-

teristics of evenness across iterations as a neutrality measure, we

caution that given the inherent relationship between richness

and evenness, neutrality levels of species-poor communities are

difficult to interpret because the lower bound of evenness

decreases with richness (1/S). However, in species-rich com-

munities such as the ones we used in our analysis (coupled with

large numbers of model iterations), the lower bound of evenness

approaches zero, and its interpretation as a neutrality metric

becomes straightforward. To test that, we quantified the number

of species established in any given cell across 500 iterations, with

a species pool of 250; we found that it averaged 60.72 (+7.93)

species, corresponding with an evenness baseline of 0.01.

To further test the validity of evenness as the neutrality metric,

we conducted controlled model experiments with two species

having varying niche optimum and s-values of 5. We conducted

multiple simulation sets where in each set we decreased the dis-

tance d between niche optimum values. Given that niche

breadths were identical and constant, smaller d-values denote

increased niche overlap, and subsequently increase the role of

neutral dynamics. When d ¼ 0, species’ niches are identical, and

the neutrality measure should approach one (barring stochastic

effects). We found that the neutrality measure indeed increased

rapidly towards one when niche overlap increased (figure 1),

confirming the robustness of this measure.

(c) Landscape generation and environmental
heterogeneity

Landscape heterogeneity consists of two components: spatial con-

figuration and abundance distribution [21]. Here, we generated

sets of simulated landscapes, altering each component separately.

We generated the model landscape consisting of 128 � 128 cells

using a fractal algorithm, the diamond-square method [34]. The

landscape was built as a torus to eliminate edge effects. Spatial con-

figuration depends on the single algorithm parameter, H, which

represents the level of aggregation in the resulting landscape.

Low H-values generate fine-grained landscapes, which resemble

random noise; high H-values generate aggregated landscape pat-

terns. In order to vary abundance distribution among landscapes

with a given aggregation level, we generated different abundance

distributions posteriori, by performing image-processing histogram

operations on the distribution of E values. To create intermediate

http://rspb.royalsocietypublishing.org/
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abundance distributions (from very narrow to very broad), we

employed histogram stretching techniques. These manipulations

retained the spatial configuration of the landscapes and altered

only the abundance distribution of E by increasing (or decreasing)

the contrast among landscape cells (figure 2). To quantify the

degree of abundance distribution in a simulated landscape, we cal-

culated the mean standard deviation of cell values for each

landscape map used in our analysis.

(d) Model experiments
To test our hypotheses about the effects of environmental hetero-

geneity on the location of communities along the niche neutrality

continuum, we conducted model simulations with various land-

scape configurations and relative abundances of E. In addition,

we altered the size of the dispersal kernels and the ratio of

propagule arrival from the regional species pool (m). We simulated

community dynamics for the following parameter ranges: 20 spatial

configurations of E, from H ¼ 0.1 to H ¼ 2; four abundance distri-

butions of E, from standard deviation of approximately 7 (very

narrow distribution around a mean of E ¼ 50; hereafter referred

as ‘very narrow’), through standard deviations of approximately 11

and approximately 16 (hereafter referred as ‘narrow’ and ‘regular’

distributions, respectively), to a uniform abundance distribution

of E; 250 species; dispersal kernel sizes of 3, 5, 7, 9 and 11 cells at

each dimension; and proportion of propagule arrival from the

regional species pool of 0.1 and 0.5. Each simulation with a

unique parameter combination was repeated 500 times to account

for the inherent stochasticity in model behaviour.
3. Results
Both components of environmental heterogeneity, the spatial

configuration and the abundance distribution of the environ-

mental variable (E), had a significant effect on the degree of

community neutrality. The shape of the relationship between

neutrality and spatial configuration was affected by the abun-

dance distribution of the environmental variable in a unique

way, coupled with the size of the dispersal kernel (figure 3).

At the smallest dispersal kernel size, neutrality always

decreased with increasing H, even at very narrow abundance

distributions (figure 3a). By contrast, when species had

intermediate (7 � 7 cells; figure 3b) and large dispersal ker-

nels (11 � 11 cells; figure 3c), landscapes closer to uniform
abundance distributions of resources exhibited a threshold

effect, where at low aggregation levels (and regardless of the

size of the dispersal kernel), neutrality was either constant or

increased with aggregation levels. Once aggregation increased

above a certain threshold, there was a sharp decrease in neu-

trality with any further increase in aggregation levels. These

patterns were most pronounced in the case of the largest dis-

persal kernels (i.e. 11 � 11 cells, figure 3c). In landscapes with

narrower abundance distributions (small standard deviations

of E; bottom two curves in figure 3), the relationship between

H and neutrality depended on the size of the dispersal

kernel. Neutrality was not related to H at very narrow abun-

dance distributions when the size of the dispersal kernel was

7�7 cells (figure 3b). When the dispersal kernel was 11 � 11

cells, neutrality had a weak positive relationship with H
(figure 3c). In general, though, narrower resource abundance

distributions yielded lower neutrality levels compared with

wider resource abundance distributions, and these results

were consistent across resource aggregation levels and disper-

sal kernel sizes. We observed similar relationships between

neutrality, resource aggregation and resource abundance dis-

tributions when we increased the proportion m of propagule

arrival from the regional species pool from 0.1 to 0.5. Yet the

overall level of neutrality was slightly higher at m ¼ 0.5 for

any given combination of heterogeneity parameters.

The relationship between neutrality and the size of the

dispersal kernel depended on the level of resource aggregation,

as well as the abundance distribution of resources (figure 4).

At high resource aggregation levels, neutrality increased asymp-

totically with increasing sizes of dispersal kernels. These results

were consistent in both narrow and regular resource abundance

distributions (figure 4a,b, respectively). By contrast, at low

resource aggregation levels, the relationship between neutra-

lity and size of the dispersal kernel was either flat or negative.

These results were consistent across all resource abundance

distribution levels.
4. Discussion
Here, we report on the first indication that environmental

heterogeneity, manifested by the spatial configuration of

resources as well as their spatially implicit abundance distri-

bution, affects the location of modelled communities along

the hypothesized niche–neutrality continuum. We show

that landscape heterogeneity affects the degree of community

neutrality via its interaction with dispersal processes. The

likelihood of propagule establishment depends on its ability

to arrive in a favourable site, while the spatial distribution

of such favourable sites relative to propagule sources is a

direct function of environmental heterogeneity.

We found that even when species have different niche

requirements, neutral patterns can emerge [9]. Our results

put in context the findings of a recent empirical study [35]

that revealed increased niche differentiation among species in

more heterogeneous environments. We suggest that, although

environmental heterogeneity may promote niche differen-

tiation among species, it can also lead to community-scale

neutral dynamics via processes such as mass effects [36]. This

is because species establishment in gaps (and subsequently

community composition) is the outcome of two processes:

stochastic dispersal and deterministic niche differentiation. In

classic niche systems, the most suitable propagule will establish

http://rspb.royalsocietypublishing.org/
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in a gap. Yet, in our simulations, when the propagule abun-

dance of a less suitable species was much higher than that of

a suitable species, the factor of relative propagule abundance

appeared to take precedence over niche superiority, leading

to more neutral system dynamics. This mass effect is related

to the use of the lottery model for competition for space as

a means to determine establishment in gaps [4,23]. The rela-

tive effect of both niche differentiation and dispersal on the

community’s location along the niche–neutrality continuum

depends on the environmental heterogeneity of resources sur-

rounding the gap where establishment of a new individual

is about to occur, coupled with the characteristics of species’

dispersal kernels.

We found that neutrality decreased with increasing resource

aggregation at wide resource abundance distributions, but

was mostly unrelated to resource aggregation at narrow

resource abundance distributions. We explain this relationship

in the following way. In landscapes with nearly uniform abun-

dance distribution of resources, every species has about the

same number of sites that are suitable for its establishment.

The spatial distribution of resources relative to propagule

sources and the size of the dispersal kernel dictate the strength
of deterministic succession (which reduces neutrality). When

resources are highly aggregated, neighbouring sites are similar,

and the most suitable propagules are thus likely to arrive in sites

as they are already abundant in neighbouring sites [21]. In such

cases, community dynamics follow a more deterministic path

and neutrality decreases. By contrast, when resource aggrega-

tion is low (and H approaches zero), the propagule pool

arriving in an available cell is likely to be more diverse, and

therefore the outcome of the establishment dynamics is more

stochastic, and neutrality increases. In landscapes with very

narrow distributions of resources, most species will be poorly

adapted to the environmental conditions in most sites, and the

few species that are suitable to the prevailing conditions will

dominate the community. In such cases, spatial configuration

plays a negligible role in community assembly (i.e. neutrality

is independent of resource aggregation; bottom curves in

figure 3), because a handful of species will establish in a deter-

ministic manner in the most suitable sites regardless of

aggregation levels because there will be sufficient propagules

of the most suitable species everywhere. Furthermore, in

our model, landscapes with narrow resource abundance distri-

butions can support fewer species than landscapes with uniform

http://rspb.royalsocietypublishing.org/
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resource abundance distribution (i.e. a larger niche space), and

therefore the lower neutrality in resource-poor landscapes is

also an outcome of the much lower species richness within

single cells across multiple model simulations. These results cor-

roborate a previous modelling study [8], which showed that

increased species richness (leading to increased niche overlap)

indeed leads to an increase in neutrality.

The threshold effect we found in the relationship between

neutrality and spatial configuration at low aggregation levels

was due to the interaction between fine-scale landscape

heterogeneity and the size of the dispersal kernel. In land-

scapes with low aggregation levels, there is considerable

fine-scale variation in resources, even within an area equival-

ent to the smallest dispersal kernel. Therefore, propagules of

multiple species may arrive in a focal cell in nearly even

abundances. The resulting large species diversity can mask

the niche-based advantage in establishment probability of

the species best suited for the cell’s conditions and may

allow less suited species to persist [37]. By contrast, in

highly aggregated landscapes (and after a sufficient period

of time), the area around a focal cell may consist of a smaller

number of species compared with less aggregated land-

scapes. Consequently, when dispersal distances are short,

community dynamics follow a more deterministic route, as

the environmental conditions favour a species that is already

dominant in the propagule pool. In our model, species had
identical dispersal capabilities. By contrast, dispersal capa-

bilities of real species evolve independently. In spatially

autocorrelated (or aggregated) environments, the distance

to a suitable habitat is short, and selection favours shorter

dispersal distances [38]. However, where environmental

heterogeneity increases the chances of propagule arrival into

unsuitable habitat (owing to low spatial autocorrelation of

resources), the induced costs on dispersing individuals can

increase selection pressure against dispersal in general [21,39].

The dual relationships we found between neutrality and

the size of the dispersal kernel expand the findings of

Gravel et al. [8]. They reported a positive relationship between

neutrality and dispersal distances, and suggested that larger

dispersal kernels can introduce more species into the propa-

gule pool, which is initially dominated by the locally most

suitable species. Consequently, the outcome of the establish-

ment process is more stochastic, and neutrality can increase.

Our results were similar, but only in cases of high resource

aggregation. The spatial configuration of resources used by

Gravel et al. [8] was highly aggregated; hence the agreement

with our findings at high resource aggregation levels. How-

ever, we also found negative relationships between

neutrality and dispersal distances at low resource aggrega-

tion levels. To understand this result, we analysed species

abundances in pre-establishment propagule pools in cells

(i.e. before the lottery process selected a single propagule for
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establishment). At low resource aggregation levels, cell-specific

propagule species evenness was much higher at shorter disper-

sal distances. By contrast, under highly aggregated resources, we

found the opposite pattern (i.e. longer dispersal distances

increased the evenness of the propagule species pool in any

given cell, since species from more dissimilar sites could arrive

in a cell). In both cases, increased evenness in a cell’s propagule

pool translated to increased evenness across independent model

simulations. Therefore, dispersal distance coupled with resource

aggregation levels dictated the abundance distributions of

species in each cell’s propagule pool, and subsequently affected

neutrality levels across the entire landscape. The two contrasting

relationships between neutrality and dispersal distances arose

from this unique interaction.

The great challenge in studying niche–neutrality questions

remains the difficulty of measuring neutrality in real

communities. This requires information about communities’

composition, structure and, most importantly, spatio-temporal
dynamics in relation to the resource space. Models are at present

the most reliable tools for studying the niche–neutrality

continuum hypothesis. Using a modelling approach, we

showed that environmental heterogeneity interacts with

species’ dispersal characteristics to determine the location of

communities along the hypothesized niche–neutrality conti-

nuum. Environmental heterogeneity is often overlooked in the

niche–neutrality debate, which mostly focuses on intrinsic

community properties. Our results highlight the role of the

environment in structuring communities, and may lead a step

further towards a synthetic understanding of community

structure and dynamics.
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