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Abstract. Functional traits mediate species’ responses to, and roles within, their environment and are
constrained by evolutionary history. While we have a strong understanding of trait evolution for macro-
taxa such as birds and mammals, our understanding of invertebrates is comparatively limited. Here, we
address this gap in North American beetles with a sample of ground beetles (Carabidae), leveraging a
large-scale collection and digitization effort by the National Ecological Observatory Network (NEON). For
154 ground beetle species, we measured seven morphological traits, which we placed into a recently devel-
oped effect–response framework that characterizes traits by how they predict species’ effects on their
ecosystems or responses to environmental stressors. We then used cytochrome oxidase 1 sequences from
the same specimens to generate a phylogeny and tested the evolutionary tempo and mode of the traits. We
found strong phylogenetic signal in, and correlations among, ground beetle morphological traits. These
results indicate that, for these species, beetle body shape trait evolution is constrained, and phylogenetic
inertia is a stronger driver of beetle traits than (recent) environmental responses. Strong correlations among
effect and response traits suggest that future environmental drivers are likely to affect both ecological com-
position and functioning in these beetles.
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INTRODUCTION

Functional traits mediate interactions between
organisms and their environment (Violle et al.
2007) and therefore play a key role in our under-
standing of ecosystem functions, services, and
environmental responses (McGill et al. 2006,
D�ıaz et al. 2013). The general patterns of func-
tional trait macro-evolution are remarkably
variable, showing both strong evolutionary con-
servatism and lability, with consequences for
subsequent ecological assembly (Webb et al. 2002,

Ives and Godfray 2006, Cavender-Bares et al.
2009). For example, ecological selection on
strongly conserved traits (where species resemble
their close relatives; Pagel 1999, Wiens et al. 2010)
naturally leads to ecological communities with
reduced phylogenetic diversity. Such low-
diversity communities are typically less produc-
tive and stable (but not always; see Tucker et al.
2017). The converse may be true for evolutionarily
labile traits, particularly clades that have under-
gone adaptive radiations (Seehausen 2006) or
convergence (Muschick et al. 2012). Yet, it is rare
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for macro-evolutionary studies to contrast the
evolutionary tempo and mode among traits driv-
ing ecological assembly and function (but see
D�ıaz et al. 2013), and rarer still for non-plant taxa.

The effect–response framework has emerged
within ecology as a powerful, if somewhat con-
troversial (Savage et al. 2007, Luck et al. 2012),
paradigm for understanding how the traits driv-
ing species’ ecological assembly might be linked
with their ecological functions (D�ıaz and Cabido
2001, Suding et al. 2008). Species’ effect traits are
associated with their ecological impact, including
resource use, habitat modification, and contribu-
tions to nutrient cycling. Response traits, on the
other hand, mediate how species are affected by
their environments, including dispersal, colo-
nization, and persistence within and across sites.
While the effect–response dichotomy was con-
ceptualized for plant species, and what delimits
effect–response traits for invertebrates is often
poorly understood, there are clear advantages
to the paradigm. For example, they can be used
to make predictions about species’ responses to
environmental stressors and potential for re-invasion
following extirpation. The effect–response frame-
work has thus gained traction in ecological risk
assessment for predicting the consequences of envi-
ronmental change for plant and arthropod species
(D�ıaz and Cabido 2001, Wong et al. 2019). In such
risk assessment, strong correlations among effect
and response traits are of concern, because they
imply that species lost due to environmental change
(on the basis of response traits) will impact ecosys-
tem function (via effect traits). Beyond current eco-
logical uses, the evolutionary history of response
traits can provide an informative context for how
species and their traits respond across environmental
gradients (Poff et al. 2006). Accordingly, effect–re-
sponse trait-based risk assessment has been
extended to consider phylogenetic patterns, both to
predict species’ effect and response traits, and to
highlight where conserved trait evolution would
suggest higher risk through correlation among traits
(D�ıaz et al. 2013).

The phylogenetic extension of the effect–re-
sponse framework has been primarily applied to
plants and large vertebrates, leaving a conspicu-
ous gap in our understanding of phyloge-
netic patterns of effect and response traits for
invertebrates. This mirrors a broader limitation
in our understanding of macro-evolutionary

processes across systems due to taxonomic biases
toward clades such as mammals, reptiles, and
plants (Harmon et al. 2003, 2010, Eastman et al.
2011). Insects, particularly ground beetles
(Carabidae), offer many species-rich and
ecologically-important clades for investigating
scale dependence in phylogenetic patterns.
Clade-specific studies of phylogenetic signal in
beetle functional traits have revealed a variety of
patterns, such as variation in phylogenetic struc-
ture with trophic position, with predators being
more constrained than detritivores (Fountain-
Jones et al. 2017), and strong phylogenetic signal
in body size-structured communities of diving
beetles (Vamosi and Vamosi 2007). Also, while
beetle lineage diversity appears to have been
generated early in their history (Hunt et al.
2007), it is not clear whether this radiation of lin-
eages matches a radiation of traits. Previous
studies that have focused on beetle clades have
revealed the interplay between the evolution of
species’ traits and their present-day ecology. This
has included evolutionary conservatism of envi-
ronmental tolerance (Hortal et al. 2011), habitat
adaptations (Vamosi and Vamosi 2007), and
environmentally filtered traits (Gossner et al.
2013). Understanding the role of beetle functional
trait evolution in species assembly and ecosys-
tem function is further warranted by the ecologi-
cal importance of beetles as biological links
between producers and consumers (Kotze et al.
2011), ecosystem engineers (Logan and Powell
2001, Albert et al. 2012), and high-impact pests
(Bentz et al. 2010). Ground beetles (Carabidae) in
particular are frequently used as indicator spe-
cies due to their rapid responses to habitat frag-
mentation and degradation (Ribera et al. 2001,
Rainio and Niemel€a 2003), local-scale attraction
to high-quality resources (Haila et al. 1994), and
economically significant predation of agricultural
pests (Hance et al. 1990, Collins et al. 2002).
Exploring the links between beetles’ response
and effect traits would generate insight into
ecosystem function under environmental change;
incorporating phylogeny may allow prediction
for the thousands of species about which we
know comparatively little (Cardoso et al. 2011).
With recent work explicitly placing beetle traits
within the effect–response framework (Fountain-
Jones et al. 2015, Moretti et al. 2017), it is both
timely and worthwhile that we apply this
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framework to understanding the evolutionary
history and ecological consequences of beetle
traits across North America.

We applied the effect–response trait frame-
work to test the macro-evolution of functional
traits for North American ground beetles. We
quantified seven morphological traits from 1975
beetle specimens collected by the National Eco-
logical Observation Network (NEON), and built
a dated phylogeny from 2399 DNA sequences,
using molecular data from the measured (and
additional) specimens. For 154 species of ground
beetle (representing approximately 6% of North
American species and 30% of genera; estimated
from Eaton and Garfield 2007, Anichtchenko
2021), we quantified the tempo and mode of bee-
tle trait macro-evolution and tested whether trait
evolution maps onto ecological function within
the effect–response framework. The results of
this analysis are intended to inform ecological
risk assessment for North American beetles, and
to provide an open-access data set for further
exploration of beetles in the NEON field system.

MATERIALS AND METHODS

Effect–response framework and measurement
We selected traits for this study based on an

existing literature review that characterizes well-
studied beetle traits into an effect–response
framework (Fountain-Jones et al. 2015). We note

that how traits affect ecosystem services is poorly
understood for beetles, and arthropods in gen-
eral (Fountain-Jones et al. 2015, Wong et al.
2019). We chose seven morphological traits that
were possible to accurately assess from images of
specimens and that were previously classified as
effect and/or response traits (Table 1).
We measured the seven target morphological

traits using dorsal images of ground beetle speci-
mens (one image per specimen) provided by
NEON. The specimens were sampled using pit-
fall traps across NEON’s terrestrial North Ameri-
can field sites (Hoekman et al. 2017, NEON
2018). The samples used in this study were col-
lected from 32 terrestrial NEON field sites rang-
ing from the southeastern United States (e.g., the
Disney Wilderness Preserve site, mean annual
temperature: 22°C) to the Alaskan tundra (e.g.,
the Toolik site, mean annual temperature: �4°C).
These sites represent a wide range of environ-
mental conditions across U.S. regions including
the Southeast, Ozarks Complex, desert South-
west, Southern Plains, Appalachians, Southern
Rockies, Mid-Atlantic, Northern and Central
Plains, Northeast, Pacific Northwest, Great
Lakes, and Taiga. Traps were visited biweekly
throughout the growing season. We measured
traits using the program Fiji (Schindelin et al.
2012), standardizing the images with a 5-mm
scale to account for variation among pho-
tographs, and recording all traits at the

Table 1. Classification of seven morphological ground beetle traits in the effect–response trait framework.

Trait Ecological function Notes

Body length fecundity; foraging
capability;
dispersal

Increased body size may increase nutrient cycling (larger species consume more,
Schmitz 2017, and can disperse further) (E). Larger carabids are sensitive to
disturbance and more common in more forested landscapes (Vandewalle et al.
2010, Spake et al. 2016) (R)

Abdomen length microhabitat use More robust species can occupy denser leaf litter habitats (Barton et al. 2011) (R)
Abdomen width microhabitat use More robust species can occupy denser leaf litter habitats (Barton et al. 2011) (R)
Pronotum width microhabitat use More robust species can occupy denser leaf litter habitats (Barton et al. 2011) (R)
Head length resource use Larger head sizes can increase consumption efficiency (Thompson 1992) (E)
Head width microhabitat use;

resource use
More robust species can occupy denser leaf litter habitats (Barton et al. 2011).
Larger head sizes can increase consumption efficiency (Thompson, 1992) (E)

Antenna length habitat preference Larger antennae can support larger numbers of sensilla allowing better sensory
performance (Elgar et al. 2018). Carabids with longer antennae prefer open
microhabitats (Barton et al. 2011) and more forested regions (Vandewalle et al.
2010) (R)

Notes: For each trait, we identify an associated ecological function, and whether the trait is linked to a species’ effect on (E) or
response to (R) its environment, based on classifications from Fountain-Jones et al. (2015). Different traits can map onto the same
ecological function, and a trait can be both an effect and a response trait.

R: putative response trait, E: putative effect trait.
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maximum possible length or width for each fea-
ture. This resulted in 13,825 observations from
1975 specimens. Species identifications were per-
formed by NEON taxonomists. For each species,
we calculated median trait values (mean = 12
individuals per species) for use in subsequent
analysis. Information regarding beetle sex was
not recorded. We included 154 species in all
trait analyses, and we note that 12 of what we
refer to as “species” throughout are in fact mor-
phospecies, often only identified to the genus
level. We have included those groups in our
analyses because sequences provided from
the specimens allowed us to place them in the
phylogeny.

All trait measurements were made by a single
observer, using a protocol generated as part of
this study (Appendix S1). A major advantage of
our data set is that each specimen was identified
and DNA-sequenced (see Phylogeny construc-
tion), giving a high degree of taxonomic preci-
sion and reproducibility to our analysis. Our
protocol was, however, designed around the lim-
itation that the only images we had of the beetles
were dorsal views, which imposes limitations on
the measurements we were able to make. While
these measurements are therefore limited, we
feel the comprehensive coverage of this data set
in terms of geography, taxonomy, and genetic
data gives us a unique opportunity to examine
the morphology of these beetles.

Phylogeny construction
NEON has released cytochrome oxidase 1

(COX1, the barcoding region for beetles)
sequences for all of the specimens digitized and
measured in this study and some additional
specimens (Hebert et al. 2003). We used these
sequences to generate a phylogeny of our species
(along with five outgroup sequences from Myr-
meleon immaculatus, Myrmeleon formicarius,
Brachynemurus abdominalis, Brachynemurus ferox,
and Dendroleon obsoletus). We aligned these
sequences using MAFFT (Katoh 2002) and then
performed 1000 independent maximum-
likelihood searches using RAxML under a GTR-
GAMMA model (using a re-arrangement “i”
parameter of 10, chosen through likelihood com-
parisons as outlined in the RAxML manual; Sta-
matakis 2014). The most-likely tree was then
dated using treePL (Smith and O’Meara 2012),

with the smoothing parameter estimated using
cross-validation, using a date range of 290–
310 mya for the outgroup (Zhang et al. 2018).
This single, dated phylogeny was then used for
all downstream analysis. We emphasize that this
phylogeny, which was built using a single locus,
should not be viewed as a definitive phylogeny
for North American beetles; while we have excel-
lent taxonomic coverage (i.e., species collected
from across North America), that is not matched
by genetic coverage (i.e., a single barcoding
region). Our goal with this phylogeny (which is,
itself, a hypothesis) is to use it as a tool to test a
series of questions about the tempo and mode of
ground beetle morphological evolution.

Modeling the evolution of individual traits
The last few years have seen an explosion in

so-called “phylogenetic comparative methods,”
which can be used to test hypotheses and ques-
tions about the tempo (speed) and mode (kind)
of trait evolution (reviewed in Cooper et al.
2010). While our ultimate goal is to understand
how beetle morphology may have evolved, and
to use the effect–response framework to consider
the consequences of such evolution on ecological
function, we begin by verifying our underlying
data using classic comparative methods. We
therefore begin by fitting explicit statistical mod-
els to test the most likely kind (mode) of trait
evolution, using information theoretic criteria
(AIC) to assess models’ fit while accounting for
their different degrees of complexity (Boettiger
et al. 2012). Our first model is a “white noise”
(null) model that tests whether there is any asso-
ciation between each trait and our estimated
phylogeny; since beetle morphology has been
used for centuries to assign taxonomy (and that
taxonomy broadly maps onto phylogeny), strong
support for this model would suggest our phy-
logeny is inaccurate. Thus, this first model test is
critical to verifying our approach. We then esti-
mated the fit of Pagel’s k and d (Pagel 1999) to
these data; k measures the extent to which the
data are consistent with a Brownian motion (BM)
model of evolution (a k of 0 indicating no fit,
and 1 indicating pure BM), and d the extent to
which the data fit a model of accelerating or de-
celerating evolution (d < 1 indicating decelerating,
and d > 1 indicating accelerating). These transforma-
tions are notable for being relatively sensitive to
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the presence of any phylogenetic signal (the ten-
dency for closely related species to resemble one
another) and to be able to assess the magnitude
of that resemblance (M€unkem€uller et al. 2012).
We fit pure models of Brownian Motion evolu-
tion (consistent with inherited, non-directional
trait evolution and comparable with Pagel’s k;
see Revell et al. 2008 for further discussion),
trends in increasing or decreasing rates of evolu-
tion through time (to be compared with Pagel’s
d), which represent the special cases of Pagel’s k
and Pagel’s d, respectively, where there is perfect
signal. Finally, we fit a single-optimum Ornstein-
Uhlenbeck model (Butler and King 2004), which
is broadly thought to test for clade-level trait
optima (Uyeda and Harmon 2014). All models
were fit using geiger (Harmon et al. 2008).

Modeling the coevolution of traits
Species traits rarely, if ever, evolve indepen-

dently, and to test for broad patterns in, and
the evolution of, beetle allometric relationships,
we conducted a phylogenetic principal compo-
nent analysis (phylogenetic PCA; Revell 2009).
A "standard" PCA identifies the major axes of
variation within a data set of continuous traits,
identifying how multiple variables (in this case
traits) are correlated with one another. So, for
example, if beetles with longer legs tended also
to have longer and narrower carapaces, then a
PCA might detect and represent this pattern by
having an axis with strong positive loadings
(essentially correlations) with leg and carapace
length, and a negative loading with carapace
width. A phylogenetic PCA is analogous, but

differs in accounting for how species’ shared
evolutionary history makes them non-
independent observations (similar to methods
reviewed in Cooper et al. 2010). This allows us
to account for and measure the degree to which
observed associations are likely the result of
shared, inherited trait variation. The resulting
principal component analysis axes can be ana-
lyzed analogously to “standard” PCA axes, but
we additionally have a measure of phylogenetic
signal—Pagel’s k—that is interpreted exactly as
it is when applied to univariate data (see Mod-
elling the evolution of individual traits).

RESULTS

Among our 154 species (from 50 genera), the
traits with the greatest variation were body
length (SD = 5.60, ranging from Elaphropus anceps,
2.43 mm, to Pasimachus strenuus, 28.16 mm) and
abdomen length (SD = 3.43). The trait that varied
the least among species was head length
(SD = 1.37). We found strong evidence of phylo-
genetic signal (all k > 0.73; all P < 0.001) in all
traits measured (Table 2), providing evidence
that our phylogeny (despite the limitations out-
lined in the methods) is sufficient to detect pat-
tern and process in trait macro-evolution. Pagel’s
k models best explained beetle body shape trait
evolution based on AIC scores for all seven traits
(Table 2). Strong support for Pagel’s k is consis-
tent with trait evolution intermediate between
pure chance and pure Brownian motion, that is,
phylogenetic signal. Phylogenetic PCA further
revealed that all measured body shape traits are

Table 2. Measure of phylogenetic signal (Pagel’s k; for all traits, P < 0.001), and AIC weights for seven evolution-
ary models, for each of seven morphological ground beetle traits.

Trait Pagel’s k BM OU EB TR k d WN

Body length 0.82 1204.0 967.0 1206.0 1160.4 892.4 1127.2 970.4
Abdomen length 0.86 1015.5 815.5 1017.5 974.0 742.2 943.4 819.7
Abdomen width 0.81 939.4 689.1 941.4 895.0 617.5 860.9 694.0
Pronotum width 0.76 952.2 659.0 954.2 906.0 578.4 869.8 661.4
Head length 0.75 647.8 375.6 649.8 602.9 317.9 568.1 377.6
Head width 0.74 785.0 534.2 787.0 739.7 453.3 704.5 536.7
Antenna length 0.88 775.3 670.3 777.3 742.6 614.1 721.6 683.3

Notes: Models include Brownian motion (BM), Ornstein-Uhlenbeck (OU), early burst (EB), trend through time (TR), Pagel’s
k, Pagel’s d, and white noise (WN). In all traits, Pagel’s k values were >0.73 and Pagel’s k was the most-likely model (i.e., had
the lowest AIC; dAIC > 56.1). Strong support for Pagel’s k is consistent with trait evolution intermediate between pure chance
and pure Brownian motion, that is, phylogenetic signal.
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highly correlated regardless of classification as
an effect or response trait (Fig. 1; Appendix S2).
PC1 accounted for 86.1% of the component vari-
ance, while PC2 accounted for an additional
7.2%. Thus, in these data, all beetle effect and
response were both highly correlated and
showed phylogenetic signal (k = 0.67).

DISCUSSION

We found evidence of phylogenetic signal in
all ground beetle traits measured, and our AIC-
based theoretic model comparison best sup-
ported Pagel’s k for all seven traits. These results
indicate that these North American ground bee-
tles’ morphologies are evolutionarily conserved,

and phylogenetic inertia is a stronger driver of
trait evolution than lineages’ recent or indepen-
dent responses to ecological disturbances and
interactions (Cooper et al. 2010). Furthermore,
phylogenetic PCA revealed that all measured
body shape traits, both within and across the
effect and response categories, are highly corre-
lated. The k value of the PCA reinforced our
finding of strong phylogenetic signal in individ-
ual beetle traits, consistent (again) with con-
served trait evolution along the principal
component analysis axes. Together, these results
pose a conservation concern: the correlation
between beetle effect and response traits suggests
that a severe disturbance event may lead to a
decline in ecosystem services (D�ıaz et al. 2013),

Fig. 1. Phylogenetic PCA representing seven morphological ground beetle traits. Points reflect each of 154 spe-
cies, and arrows represent the loadings of the morphological traits. Background color shading indicates the den-
sity of points within the space. PC1 represents 86.1% of the total variance among traits, and PC2 represents an
additional 7.2% (full summary and loadings in Appendix S2). Head and body length, and abdomen length and
width all load strongly onto PC1, while PC2 captures additional variation in pronotum and head width and
antenna length. There is a strong correlation among all traits, including effect traits (head length, body length)
and response traits (all traits).
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and shared traits among closely related species
increase the risk of disturbance leading to the
loss of entire clades.

Evolutionary constraints on ground beetle
morphology

The strong phylogenetic signal (all traits’
k > 0.73) we identified across seven morphologi-
cal ground beetle traits is consistent with the
findings of previous studies, which have found
evidence of phylogenetic signal in traits for mam-
mals (Arnaudo et al. 2019), trees (Swenson et al.
2017), and even habitat-specialized beetle clades
(Vamosi and Vamosi 2007). In these other studies,
and ours, links between phylogenetic structure in
traits and key ecological processes suggest that
traits were evolved early in species’ evolutionary
history and helped define clades’ relationships
with their environments. Researchers have also
found evidence that beetle assemblages are phylo-
genetically clustered (e.g., Funk et al. 1995) and
that predator–prey relationships in ground beetle
assemblages are conserved (Brousseau et al.
2018). This further highlights the importance of
considering phylogenetic constraint in predictions
of how environmental change might lead to the
loss of beetle diversity and associated ecological
functions.

We note that, while our study has broad spatial
coverage (much of the United States of America),
our taxonomic sampling is biased. Pitfall traps
were used to collect these specimens and have
been shown to filter traits in other insect taxa (Lee
and Gu�enard 2019); our beetles are ecologically
similar and thus a non-random subset of all North
American species. Other studies attempting to
apply phylogenetic risk assessment are likely to
encounter similar biases, and so we urge caution
in uncritically applying our results, and those of
similarly biased samples, to broader macro-
evolutionary contexts. That said, such studies rep-
resent valuable pieces in the macro-evolutionary
puzzle, and our study contributes new clade-
specific information to our growing knowledge of
beetle evolution as a whole. Testing the taxonomic
and geographic scale dependence of phylogenetic
signal in body traits across beetle families is an
important next step, but requires a complete phy-
logeny and is therefore outside of the scope of the
present study.

Correlation among functional traits
The effect–response trait framework provides

an opportunity to investigate ecological responses
to environmental change using functional traits as
a proxy for how organisms affect and are affected
by their environments (Suding et al. 2008). Phylo-
genetic signal in effect or response traits, as we
found in this study, may represent an increased
risk that environmental stressors will lead to the
loss of multiple closely related beetles from an
ecosystem (D�ıaz et al. 2013). In addition to the
risk associated with conserved evolution of these
traits, the strong correlations among traits demon-
strated by our phylogenetic PCA suggest further
ecosystem risk. When effect and response traits
are linked, as in our results, the loss of traits asso-
ciated with environmental change is more likely
to result in the loss of traits linked to particular
ecological functions. We note that the extinction
(or extirpation) of species and the loss of their
associated traits rely on the assumption that selec-
tion pressures act on response traits; however,
this link between response traits and the loss of
species has yet to be demonstrated empirically.
For instance, links between drought pressure and
the loss of species with dispersal-limiting traits
could be tested using experimental approaches,
extinction analyses, or simulations.
Despite the novelty of applying the effect–re-

sponse trait framework to beetles (Fountain-Jones
et al. 2015) and, in particular, the need for more
experimental research to identify and investigate
effect traits (Wong et al. 2019), the correlation
among all traits measured suggests ecological
response and function are broadly linked. Seem-
ingly small changes in a species’ environment
could therefore lead to changes in community
structure and function (Mayer and Rietkerk 2004,
Groffman et al. 2006). For North American bee-
tles, this loss of function could result in increased
harmful pathogen presence, aphid predation on
crops, fire-interval variability, loss of biodiversity,
or a loss of key habitat health indicators (Logan
and Powell 2001, Rainio and Niemel€a 2003).
Understanding evolutionary constraints on and
correlations among other ecologically important
traits, such as those associated with beetle behav-
ior and adaptive responses to environmental
change, are important topics for future research.
Our list of morphological traits was constrained
by what is practical to extract consistently from
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dorsal images. Including sensory traits (such as
eye size) and traits related to mobility (such as leg
length and wing characteristics) which are diffi-
cult to measure from dorsal images is likely to fur-
ther capture ecological differences between
ground beetle species (Fountain-Jones et al. 2017).
Moreover, while difficult to collect, traits more
directly quantifying beetle fitness and energy con-
straints, such as average number of offspring and
metabolic rate, are crucial for further understand-
ing the effect–response trait continuum. For the
many ecosystems reliant on services provided by
ground beetles, this effect–response framework
provides a useful insight for conservation practi-
tioners: saving species will matter. Those species
that are most likely to be lost are providing differ-
ent ecosystem services from those that are left
behind, and so preserving natural beetle assem-
blages is worthwhile if beetle ecosystem services
are a priority.

In conclusion, we find evidence of strong phylo-
genetic signal in the North American ground bee-
tle traits we measured, suggesting the evolution of
these traits is constrained by phylogenetic inertia.
While our data set is expansive (covering 154 spe-
cies), it does not reflect all Carabidae (or even all
of those found within North America). These
results provide a unique contribution to our
understanding of evolutionary conservatism
across phylogenetic scales, as well as the past and
future of ecological assembly in this particular
clade. The strong correlation among effect and
response traits in this study implies that local
extinction events could lead to a loss of ecosystem
services. Resource managers who want to pre-
serve ecosystem function in the face of global
change should therefore attempt to preserve beetle
assemblages as a whole. We hope that the data we
release with this manuscript will be of use in
future studies examining drivers of beetle co-
occurrence, invasion and dispersal success, and
the controls on beetle range limits. We call for fur-
ther work to examine whether species’ effect and
response traits can be distinguished among beetle
taxa, particularly in studies examining a more eco-
logically and taxonomically broad set of species.
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