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abstract: Over the past few decades, it has become clear that eco-
logical and evolutionary dynamics are influenced by processes op-
erating across spatial and temporal scales. Processes that operate on
small spatial scales have the potential to influence dynamics at much
larger scales; for example, a change in the physiology of a primary
producer can alter primary productivity in an ecosystem. Similarly,
evolution—a process that historically was thought of as occurring at
longer timescales—can influence ecological dynamics and vice versa.
The importance of considering multiple scales is broadly true in ecol-
ogy and evolution, and it is especially important for studies of disease
ecology and evolution. Yet characterizing the scales at which individ-
ual studies operate is surprisingly challenging, as we (re)discovered
while trying to characterize articles e
from studying a single scale in isolation.
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Introduction

While it was not the first article to address the importance
of scale in ecology or evolutionary biology, the publica-
tion of Levin (1992) brought particular attention to issues
related to scaling. As Levin stressed, to understand and pre-
dict patterns that we observe in ecological systems, we need





community composition and species coexistence. Given
the empirical nature of the work, the need to draw onmul-
tiple studies necessitates that considerable time and effort
is dedicated to understanding a system before being able to
focus across scales.
Finally, Lively (1999) uses a combination of theory and

data across multiple studies to understand empirical pat-
terns of local adaptation by parasites. Lively begins with
a description of previous observational and experimental
work on a snail-trematode host-parasite system in New
Zealand, explicitly tackling the issue of scale by describing
evidence of local adaptation of parasites to their hosts col-
lected from different lakes and then zooming in to the
within-lake level to describe how differences in the biology
of snails in shallow versus deep water influences the pat-
terns of disease transmission and, hence, the potential for
coevolution between host and parasite. Through a compre-
hensive discussion of the natural history of this system,
Lively (1999) hypothesizes that high virulence of the trem-
atode to snails may underlie the strong local adaptation ob-
served. To test this and understand why local adaptation is
not found in all host-parasite systems, Lively (1999) devel-
ops a simplemathematicalmodel tracking the genotypes of
hosts and parasites across two patches. He finds that viru-
lence, a consequence of within-host interactions (and in
this model determined by the pairing of host and parasite
genotypes), and migration, which determines between-
patch movement, jointly determine whether parasite local
adaptation occurs, what the evolutionary dynamics look
like, and hence whether local adaptation can be measured.
At its core, studying local adaptation consists of estimating



Rovenolt and Tate demonstrate that parasite-mediated
apparent competition due to coinfection may lead to mul-
tiple steady states in the system that include both coexis-
tence and competitive exclusion among host species. This
model is motivated by competition between two flour beetle
species, Tribolium castaneum and T. confusum, that are in-
fected by a number of different parasites.
These studies clearly show that within-host interac-

tions can drive processes at the between-host and among-
patch levels and have nonintuitive influences on host pop-
ulation dynamics. This, in turn, can result in a feedback
that influences outcomes at the individual level. Together,
these three studies demonstrate how looking across multi-
ple spatial scales leads to greater insight into the ecology of
disease transmission and, in turn, how it influences popu-
lation dynamics.
While the above-described studies focused on ecologi-

cal processes, the impacts of scale can also be readily seen
when asking questions from an evolutionary perspective.
While ecologically based consumer-resource models are
often used for understanding population cycles seen in
field data, evolutionary explanations based on fluctuating
host resistance due to selection are often invoked when
analyzing laboratory-based studies. To address whether
the same laboratory arguments hold for field data, Dwyer
et al. (2022) needed to collect field and lab data along with
developing transmission models across multiple spatial

scales and over a relatively long-term period. In doing so,
Dwyer and colleagues look across the eco-evolutionary di-
vide using both empirical data and theory to examine
pathogen-driven boom and bust cycles, which are observed
in a number of insect host-pathogen systems. Combining
data from several spatial and temporal scales, the authors
conclude that the eco-evolutionary models, which account
for within-host and between-individual processes, better
explain the long-term dynamics of Lymantria dispar, an
invasive lepidopteran pest, compared with the strictly eco-
logical models.
Two different explanations of coevolutionary dynam-

ics between a host and a pathogen are often called on to
explain changing resistance of a host to its pathogen—
arms race dynamics and fluctuating selection. However,
as Lively (1999) pointed out, coevolutionary dynamics are,
in fact, dynamic; thus, if only short-term data are used, it
is not easy to distinguish between these two processes. Us-
ing a series of time-shift experiments, Dewald-Wang et al.
(2022) sought to disentangle these potential drivers of host-
pathogen coevolutionary dynamics in the horse chestnut
(Aesculus hippocastanum) bacteria-phage system. Prior
work had suggested an asymmetry in host-pathogen co-
evolution in this system—a finding that was intriguing but
that might have simply reflected the relatively short window
previously investigated (i.e., months; Koskella 2014; Koskella
and Parr 2015). In the study in this Focused Topic section,





Undoubtedly, we have the tools and understanding to
move beyond a single scale, and we are continuing to de-
velop new methods and ideas to do so. The articles in this
Focused Topic section provide further examples of how to

examine processes across multiple scales along with the
resulting benefits. When looking across spatial scales, our
research focus often bridges the within-host and between-
host scales (fig. 1), and we tend to exclude even larger

Figure 2: Characteristics of all of the articles published in The American Naturalist since 1992 that contained “disease,” “parasit*,” or “path-
ogen” in the article title, excluding those on brood parasites. Shown are the number of pathogen/disease-focused studies across host habitat
types (a), the number of studies of microparasites versus macroparasites (b), the proportion of studies grouped by parasite in 5-year bins
(c), and the proportion of studies grouped by host in 5-year bins (d) in The American Naturalist since the publication of Levin (1992). Notably,
groups of parasites and hosts that have been the focus of disease ecology and evolution studies have shifted over time. For d, “MultAnim”
was used for two studies that were focused broadly on animal hosts. For the full data set, see the CSV file at https://doi.org/10.5281/zenodo
.5504012 (Elderd et al. 2021).
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spatial scales beyond between-host processes. Studies like
Ezenwa and Jolles (2015), where the authors examined the
spread of bovine tuberculosis in wild buffalo, show the
value of work at these larger scales. Similarly, longer tem-
poral scales also can provide crucial insights into the drivers
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