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Abstract
1. Little consensus has emerged regarding how proximate and ultimate drivers such 

as productivity, disturbance and temperature may affect species richness and 
other aspects of biodiversity. Part of the confusion is that most studies examine 
species richness at a single spatial scale and ignore how the underlying compo-
nents of species richness can vary with spatial scale.

2. We provide an approach for the measurement of biodiversity that decomposes 
changes in species rarefaction curves into proximate components attributed to: (a) 
the species abundance distribution, (b) density of individuals and (c) the spatial 
arrangement of individuals. We decompose species richness by comparing spatial 
and nonspatial sample- and individual-based species rarefaction curves that dif-
ferentially capture the influence of these components to estimate the relative im-
portance of each in driving patterns of species richness change.

3. We tested the validity of our method on simulated data, and we demonstrate it on 
empirical data on plant species richness in invaded and uninvaded woodlands. We 
integrated these methods into a new r package (mobr).

4. The metrics that mobr provides will allow ecologists to move beyond comparisons 
of species richness in response to ecological drivers at a single spatial scale toward 
a dissection of the proximate components that determine species richness across 
scales.
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1  | INTRODUC TION

Species richness – the number of species co- occurring in a specified 
area – is one of the most widely used biodiversity metrics. However, 
ecologists often struggle to understand the mechanistic drivers of 
richness, in part because multiple ecological processes can yield 
qualitatively similar effects on species richness (Chase & Leibold, 
2002; Leibold & Chase, 2017). For example, high species richness in 
a local community can be maintained either by species partitioning 
niche space to reduce interspecific competition (Tilman, 1994), or 
by a balance between immigration and stochastic local extinction 

https://github.com/MoBiodiv/mobr
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of constant area or sampling effort (we refer to these as “plots”) 
that are assigned to treatments. We use the term treatment here 
generically to refer to manipulative treatments or to groups within 
an observational study (e.g., invaded vs. uninvaded plots). It is 
critical that the treatments have identical grain (i.e., area of the 
plots) and similar plot spatial arrangements across similar extents. 
If the sampling design differs between the treatments then treat-
ment effects will be obscured by scale- mismatches; nevertheless, 
this can often be remedied post hoc through various types of 
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α- and γ-scales (Figure 1, see Supporting Information S1 for de-
tailed metric description, Chase et al. (2018) provided a more de-
tailed description and justification of the two- scale analysis). The 
total number of individuals within a plot (Nt,k) or within a treatment 
(�J
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nsSBR and IBR. Specifically, we used the hypergeometic formulation 
provided by Hurlbert (1971) to estimate expected richness of the IBR. 
To estimate the nsSBR we extended Hurlbert’s (1971) formulation 
(see Supporting Information S3). Our derivation demonstrates that 
the nsSBR is a rescaling of the IBR based upon the degree of differ
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This simple duality can be extended to the estimation of the den-
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was achieved by systematically comparing simulated communities in 
which we altered one or more components while keeping the others 
unchanged (see Supporting Information S5). Overall, the benchmark 
performance of our method was good. When a factor did not differ 
between treatments, the detection of significant difference was low 
(Supporting Information Table S5.1). Conversely, when a factor did dif-
fer, the detection of significant difference was high, but decreased at 
smaller effect sizes. Thus, we were able to control both Type I and 
Type II errors at reasonable levels. In addition, there did not seem to be 
strong interactions among the components – the error rates remained 
consistently low even when two or three components were changed 
simultaneously. The code to carry out the sensitivity analysis run the 
r script 
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the interpretation of the link between change in condition and 
change in species richness.

The MoB framework that we have introduced here provides a com-
prehensive answer to this question by taking a spatially explicit approach 
and decomposing the effect of the condition (treatment) on richness into 
its individual components. The two- scale analysis provides a big- picture 
understanding of the differences and components of richness by only 

examining the single plot (α) and all plots combined (γ) scales. The multi-
scale analysis expands the endeavor to cover a continuum of scales, and 
quantitatively decomposes change in richness into three components: 
change in the shape of the SAD, change in individual density, and change 
in spatial aggregation. As such, we cannot only quantify how richness 

7277
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level. For example, we can ask to what extent the effects on species 
richness are driven by numbers of individuals. Or instead, whether com-
mon and rare species, or their spatial distributions, are more strongly 
influenced by the treatments.

Here, we considered the scenario of comparing a discrete treat-
ment effect on species richness, but clearly the MoB framework 
will need to be extended to other kinds of experimental and ob-
servational designs and questions (Supporting Information S6). The 
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