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With an ever-increasing amount of ecological data from remote sensing, long-term net-
works, long-term surveys, and computer models, there is a need to develop efficient sta-
tistical methods that can accommodate the unique dependence structures associated with
ecological inference and prediction. Indeed, as the volume of such “big data” increases,
scientists are interested in addressing increasingly complex questions—particularly those
accounting for spatio-temporal dependence across multiple scales, as well as multivariate
community-level responses. For this invited special issue, we have sought contributions
from many of the leading researchers at the interface of statistics and ecology.

The methodological advancements presented here can all be characterized in some sense
as “dimension reduction.” The methods are concerned with multivariate and/or spatio-
temporal processes and data, with the associated dimension reduction being either in terms
of the parameters, state-process, or grouping. The challenges with high dimensionality are,
in some cases, further increased by the non-Gaussian and/or nonlinear nature of the data
and processes of interest.

Guhaniyogi et al. address several of these themes. In particular, they are concerned
with the issue of inference in a high-dimensional multivariate spatial setting with spatial
nonstationarity. They provide a computationally feasible approach for drawing inference
in such environments in a manner that accommodates dimension reduction in both the
parameter and data space.

Johnson et al. reduce the dimensionality through a clustering perspective designed to
characterize metapopulation abundance trends using spatio-temporal data. In particular,
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rather than build computationally expensive spatial dependencies in the model, they group
“common” sites together based on their temporal variability. This has the benefit of pro-
viding a nonparametric spatial association (i.e., no spatial model need be specified) and it
reduces the dimension of the spatio-temporal trend process.

Leininger et al. are concerned with modeling spatially extensive classification data
(e.g., land-use classifications). In addition to the high-dimensional multivariate outcome
in space, they are also concerned with accommodating spatially extensive covariates, such
as those associated with topography and census information. Finally, parallelization is uti-
lized to improve the computational efficiency of their model.

Wu et al. present methodology to handle large spatio-temporal count datasets in
which the observations can be either over- or under-dispersed. They utilize a hierarchi-
cal Bayesian Conway-Maxwell Poisson (CMP) model that allows for dispersion to vary
dynamically. In addition, to handle nonlinear spatio-temporal dynamics, they incorporate
a threshold autoregressive model for the CMP intensity parameter and, in their waterfowl
settling pattern prediction, provide scientifically motivated regime switching based on cli-
mate conditions. Nonlinear spatial dimension reduction is facilitated through kernel prin-
cipal component analysis.

Dunstan et al. are concerned with data arising from community-level or multi-species
studies, where data are simultaneously collected on many species at the same set of sites.
The goal of such analyses is to study how communities of species respond to the envi-
ronment. They consider a finite mixture of regression models to classify species into one
of a small number of archetypal forms of environmental response. They demonstrate that
this method has improved predictive performance when compared to analyses of pres-
ence/absence data alone.

Clark et al. are concerned with a different type of dimensionality reduction that arises
when one is attempting a sensitivity analysis of environmental models. Such analysis is
challenging due to potentially large numbers of input and output variables and their asso-
ciated feedbacks between them. This paper considers “dynamic inverse prediction,” which
facilitates interpretability and sensitivity analysis of variables associated with inputs and
unobserved interval processes.

Hooten et al. are concerned with dimension reduction in the situation where one is in-
terested in using a scientifically motivated mechanistic model to facilitate spatio-temporal
process modeling. In particular, they are concerned with diffusion partial differential equa-
tions (PDEs) that are, by definition, specified in continuous time and space and must be
solved numerically. In a traditional statistical estimation environment associated with high-
dimensional spatial fields, such solutions can be computationally prohibitive given the need
to evaluate the solution many times. Using a mathematical method of multiple scales called
homogenization, they show that, for some PDE models, a natural statistical scaling proce-
dure can be obtained that is consistent with the implied dynamics of the mechanistic model.
In the case of ecological diffusion models specifically, they demonstrate a harmonic aver-
aging technique that provides an optimal approximation to the PDE solver, which in turn
dramatically improves computational efficiency.

Fu et al. are concerned with a binary response data over large spatial domains. They
consider an autologistic regression framework that allows covariates. Traditionally, such
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models can be computationally expensive when properly accounting for spatial depen-
dence, particularly in the context of model selection. By utilizing asymptotic theory and
regularization methods, they develop a penalized pseudolikelihood method for simultane-
ous variable selection and parameter estimation that is computationally feasible for large
spatial datasets.

Yang et al. consider a different type of dimensionality issue. In particular, as high-
frequency time signals become increasingly more common (e.g., from monitoring instru-
ments or social media streams), one is increasingly interested in using these signals as
covariates or predictors in ecological studies. In order to effectively utilize these signals in
this context, this paper develops a class of nonlinear multivariate time-frequency functional
models. The proposed methods utilize low-rank basis expansions and stochastic search
variable selection to effectively reduce the dimensionality and to identify important time-
frequency (and, hence, time-domain) features.

We believe that the contributions in this special issue provide an informative snapshot
of research at the interface of statistics and ecology that is useful in addressing “big data”
issues. This is not meant to be an exclusive or exhaustive collection of such papers, but
we believe it does illustrate the depth and breadth of such research at the interface of the
disciplines. It is our desire that these papers may entice others to see potential applications
of their “big data” methodology to problems of interest to ecologists. We are certain that
the contributions presented here, although a good start, have only scratched the surface in
terms of the statistical issues associated with “big data” in ecology and we look forward to
seeing many more such contributions in the future.
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