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Abstract
1. The characterization of ecological communities with functional traits allows to
consider simultaneously the ability of a species to survive and reproduce in an
environment, its interactions with other species and its effects on the
ecosystem.
2. Functional traits have been studied mainly by plant ecologists, but are increasingly
common in the study of other taxa including arthropods. Arthropods represent a
group for which a functional trait approach could be highly profitable because of
their high diversity, abundance, ubiquity and role in many important ecological
processes.
3. This review synthesizes two decades of functional trait research on terrestrial
arthropods. We show that while the approach has gained popularity, particularly
in the last decade, the absence of clearly postulated hypotheses is a recurrent
problem limiting generalization. Furthermore, studied traits are often poorly related to studied functions. To address these problems, we propose a step-by-step
protocol to postulate clear hypotheses prior to trait selection and emphasize the
need for a common set of more generalizable traits in future studies.
4. Extending the functional trait approach to arthropods opens the door to improving our understanding of interspecific interactions and potential links between
response and effect traits. We present the concept of trait-matching with several
examples of arthropod traits known to be effective predictors of consumer–resource interactions.
5. The development of a successful functional trait approach for terrestrial arthropods will necessitate an understanding of relevant traits, standardized measurement protocols and open access databases to share this information. Such progress
will provide ecologists with a new set of tools to answer broad questions in several fields including the study of community assembly, ecological networks and
multitrophic functionality.
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interactions (de Bello et al., 2010; Gravel, Albouy, & Thuiller, 2016;
Lavorel et al., 2013). Although in theory, very broad trait axes (or

The use of traits to understand the relationship of an organism to

economic spectra) reflecting resource acquisition, growth, disper-

its environment has been fundamental to ecology. While early

sal, etc., are common to all organisms (Litchman, Ohman, & Kiørboe,

studies on traits were limited to qualitative assessments of com-

2013; Salguero-Gómez et al., 2016), moving beyond plants requires

munity structure (Raunkiær, 1934), a new generation of studies is

defining new types of traits. For example, some aspects of animal

building on a wide range of quantitative indices (Mouillot, Graham,

ecology can only be assessed by including behavioural functional

Villeger, Mason, & Bellwood, 2013), providing a more predictive ap-

traits (Luck et al., 2012; Pey, Nahmani et al., 2014). Extending these

proach (Webb, Hoeting, Ames, Pyne, & Poff, 2010) and allowing for

reflections will also require a better understanding of trait syn-

a greater emphasis on functions within ecosystems (Lavorel, 2013).

dromes, that is correlations or trade-offs between traits caused by

A “trait” refers to any morphological, physiological, phenological or

physiological or evolutionary constraints. Trade-off patterns in the

behavioural characteristic measurable at the individual level (Pey,

investment towards reproduction vs. survival are expected to be

Nahmani et al., 2014; Violle et al., 2007). “Functional traits” are

similar for plants and animals (Litchman et al., 2013; Paniw, Ozgul,

“traits” either related to the performance (growth rate, survival or

& Salguero-Gómez, 2018), but will require continued thought on

reproduction probability) of the organism (response traits), to an eco-

various dimensions. For example, antipredator traits are currently

logical process (effect traits) (Violle et al., 2007), or, in some cases,

underrepresented for terrestrial invertebrates, but their study will

to both (Lavorel et al., 2013). While taxonomic studies typically de-

be beneficial to our understanding of predator–prey interactions,

scribe changes in community composition, functional trait studies

population dynamics and ecosystem functions.

aim to reveal the mechanisms behind these changes and their con-

Our objective with this review was to survey published research

sequences for ecological processes (Culp et al., 2011; Shipley, 2010).

on functional traits of terrestrial arthropods to determine how the

The concept transcends the notion of species, making trait-based

functional trait approach has been integrated to date. We have

studies more generalizable than taxonomic studies by providing a

chosen to focus on terrestrial arthropods as they are ubiquitous,

common currency to compare similar communities from different re-

exceptionally diverse, and are involved in key ecological processes

gions or environments with few species in common (McGill, Enquist,

including decomposition (Handa et al., 2014; Kočárek, 2003) and

Weiher, & Westoby, 2006).

pollination (Schleuning, Fruend, & Garcia, 2015). As such, arthropods

The response trait approach is based on the hypothesis that the

represent a broad group from which learning should be transferable

environment (landscape, abiotic conditions and biotic interactions)

to apply functional trait approaches to other terrestrial animals. In

acts as a filter, selecting individuals based on their traits (Diamond,

this review, we highlight progress made in the study of functional

1975; Keddy, 1992) (Figure 1). As such, response traits represent an

traits of terrestrial arthropods and we propose solutions to chal-

indirect link between the environmental filters (e.g. humidity level,

lenges with the hope to improve future research in this field. To do

available food) and the performance (growth, survival, fecundity) of

this, we conducted a literature review (1) to understand which func-

an organism (McGill et al., 2006). Thus, species with the right traits in

tional traits and which taxa have been studied and (2) to determine

a given situation will be more likely to increase their population size

whether published studies postulated hypotheses leading to a better

through higher performance (McGill et al., 2006) and immigration

understanding of the mechanisms involved in community assembly

rate (Pulliam, 2000).

or ecosystem functioning, as originally intended with this approach.

Effect traits determine the impact of an organism on ecosystem

We also illustrate how this approach is being extended to under-

processes (Díaz & Cabido, 2001). For example, the hairiest pollina-

stand interspecific interactions (e.g. consumer resource) through the

tors are expected to transport a larger amount of pollen (Stavert

matching of traits.

et al., 2016). It has been proposed that communities composed of
species with high dissimilarity between their effect trait values could
result in complementary interactions through niche partitioning or

2 | M ATE R I A L S A N D M E TH O DS

facilitation (Loreau & Hector, 2001). Such effects were demonstrated with plants, bacteria and invertebrates (Cadotte, Cardinale,

The literature review was carried out by searching publica-

& Oakley, 2008; Coulis et al., 2015; De Oliveira, Haettenschwiler,

tions on the Web of Science and Google Scholar with the criteria

& Handa, 2010; Gravel et al., 2011; Heemsbergen et al., 2004) and

“traits” + “function*” + all principal classes and orders of terrestrial

have helped gain understanding of how biodiversity influences eco-

arthropods (e.g. “arthropods”, “insects”, “spiders”, “beetles”). Citations

system functions.

were also tracked across article. Only studies that were explicitly

While the functional trait approach has an important history in

trait-oriented were retained, that is studies that used arthropod func-

plant ecology (Cadotte et al., 2008; Cornelissen et al., 2003; Wright

tional traits (according to the above definition) to study the response

et al., 2004), there has been an increasing interest to adapt the ap-

to a disturbance or to an environmental filter (response traits) or their

proach to study animals (Luck, Lavorel, McIntyre, & Lumb, 2012;

impact on ecosystem processes (effect traits). We deliberately con-

Moretti et al., 2017; Pey, Nahmani et al., 2014) and microbes (Larkin

centrated our review on studies referring to the functional trait ap-

& Martiny, 2017), so as to improve our understanding of multitrophic

proach and therefore excluded studies focusing on particular aspects
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criteria. We answered three questions (Figure 2). First, we validated

to performance or an ecosystem process. We did not include studies

whether environmental filters (abiotic, biotic and geographic) were

where the guild (or trophic level) was the only trait, as these typically

clearly identified (Bremner, 2008). To assess this aspect, we verified

describe a group of species rather than a functional attribute per se.

whether environmental gradients that were expected to vary and

We also rejected studies based exclusively on body size due to its

thus act as filters were presented. Identified filters across studies

commonness and the difficulty to formulate hypotheses relating this

were diverse and included humidity level, temperature, available

trait to a single environmental filter (see Section 4.2). The literature

food, diversity of predators and landscape fragmentation. Cases

review included studies published before January 2017.

where filters were clearly identified often had a sentence in the form

For studies that included response traits, we evaluated whether

of “We hypothesized a direct effect of [filter w] on the community

the elements present in the introduction, material and methods and

structure of [taxa x].” Other accepted forms were “[Disturbance v]

supplementary materials permitted to identify how the studied traits

is known to influence [filter w].” Cases where the disturbance was

were mechanistically related to the subject of the study (explicit

related to the communities without identifying any clear filters (e.g.

examples in Table S1). For this task, we excluded studies dealing

“Land use will impact the community structure of [taxa x]”) were re-

with broader questions regarding conservation (Maes & Van Dyck,

jected. When a gradient was identified, but that this gradient did not

2001) or guild definitions based on shared traits (Silva & Brandão,

allow to identify the filtering mechanism involved, the filter was also

2010), for which hypotheses could not be evaluated based on our

considered as unidentified. For example, a failed case would be if a
gradient of floristic composition was identified, but no further detail
was provided to determine whether the gradient affected vegeta-

Regional
species pool

tion structure, diversity of available food, microclimate, etc.
Secondly, we evaluated whether a clear hypothesis linking environmental filters to organismal functions was postulated (Naeem &
Wright, 2003). Functions were diverse and included dispersal ability,
Humidity
Temperature

Distance
Biogeography
Fragmentation

Abiotic filter

feeding interactions, thermal tolerance and fecundity (Table 1 for
summary, Table S2 for full list). For this aspect, we looked for sentences in the form “We hypothesized that [filter w] will influence the
[function y].” We also considered this aspect fulfilled in sentences

Dispersal

such as “[Filter w] can have a negative/positive impact on species

Response
traits

Feeding interactions
Competition
Mutualism

Biotic filter

with a low/high ability in [function y].” It was considered as unfulfilled if the function was directly related to the disturbance, but the
filters were not clearly identified.

Stochastic events

Response traits
Step 1

Performance
Local
community
Step 2

Effect traits

Identify constraining
environmental filters

Identify role of the taxa
in the ecological process

Humidity; available food;
landscape fragmentation

[Taxon x] plays [this role]
in [ecological process]

Relate function to
filters
[Filter w] will influence the
[function y]

Ecological processes
F I G U R E 1 Hypothesized processes leading to a local species
and trait assemblage from a regional pool. The regional species pool
is first determined by evolution, biogeography and immigration/
emigration with other regions. To establish themselves in the
local community, species need to go through three filters acting
simultaneously (represented as a cycling process with examples
of limiting factors) and selecting species based on their response
traits. Performance represents growth rate, survival rate and
fecundity. A feedback loop is expected between effect traits and
the biotic filter (represented as a dashed line)

Effect traits

Step 3

Justify traits in relation
to ecological process
Justify traits in relation
to the function
[Trait z] is related to the
ability of the organism to
[function y]

[Trait z] is responsible for
functional dissimilarity
or
[Trait z] is related to
efficiency

F I G U R E 2 Schematized representation of a step-by-step
protocol to postulate clear hypotheses in response and effect trait
studies of arthropods
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Finally, we evaluated whether the selection of all traits was

y].” Cases where justifications were considered as vague and thus

explicitly justified by linking them to functions and performance

unfulfilled were examples such as “These traits are known to im-

(Luck et al., 2012). We did not evaluate whether the traits were

pact organism performance” or “[Trait z] is related to [function y]”

well selected, but only if they were adequately justified. When ad-

without providing any reference. Only references explicitly demon-

equately justified, the information was often shown in a table with

strating the mechanistic link between the trait and the function were

a column “Traits” and a column “Role” or “Hypothesized mecha-

accepted as a valid justification.

nism.” Alternatively, it was shown in the text as a sentence of the

For studies based on effect traits of arthropods, we evaluated

form “[Trait z] is related to the ability of the organism to [function

two questions (Figure 2). First, we checked whether the studied taxa
were clearly related to the ecological process. This generally ap-

TA B L E 1 Examples of functional traits found in terrestrial
arthropod literature and their hypothesized function. This list
presents the most commonly found traits in the monitored
literature for each environmental filter (dispersal, abiotic and biotic)
and ecosystem processes. A complete list of traits found in the
reviewed terrestrial arthropod literature including a reference list
can be consulted in Table S2
Function

Traits

Presence/absence of wings
Ballooning
Migratory statue

Foraging distance

Femoral length
Leg length

Abiotic filters
Habitat structure

Position of nest
Head width
Eye position

Habitat complexity
Resistance and tolerance

3.1 | Message 1: Functional traits in arthropod
ecology are gaining popularity. Despite a clear
motivation to adhere to this approach, we still
struggle to work towards a predictive ecology

springtails, ground beetles, ants and bees (Table 2 and Table S2).
The earliest study was in 1996 (Castella & Speight, 1996), and the
subject remained marginal until 2012 (Figure 3). Since then, over

Head width

three-quarters (135) of the studies were published showing almost
an exponential increase (Figure 3). Studies on effect traits were
underrepresented in the literature with only 18 published studies
found. However, admittedly, traits are sometimes considered in the

Eye size

study of ecological processes, particularly pollination, without using

Antennae length

explicit reference to a functional trait approach (Ibanez, 2012; Stang,
Klinkhamer, & van der Meijden, 2006).

Overwintering stage

Some studies have shown that using a functional trait approach

Circadian activity

with arthropods made it possible to identify mechanisms that

Breeding season

would not have been possible to identify based on a taxonomic

Voltinism

approach. For example, large bees with long hair and relatively

Sexual vs. parthenogenesis
Effect traits
Time spent per flower
Number of flowers visited per min.
Resource partitioning

3 | R EC E NT PRO G R E S S I N TH E S T U DY O F
FU N C TI O N A L TR A IT S

Oviposition place

Competition

Efficiency

tion was evaluated with the same criteria as for the response traits.

Body pigmentation

Head length

Fecundity

vices throughout the growing seasons) or that effect traits could be
used to compare the efficiency of different organisms. Trait justifica-

Our review criteria yielded a total of 171 published studies span-

Mandible length

Phenology

could represent traits contributing to the functional dissimilarity of a
community and thus susceptible to create synergistic effects when

ning a variety of terrestrial arthropod taxa, particularly spiders,

Resource used

Localization

traits and the ecological process was formulated. Justification of effect traits could be at two levels. We acknowledged that effect traits

Tibial length

Biotic filters
Toughness

Secondly, we checked whether the hypothesis relating selected

Intertegular distance
Wing length

Ground dispersal

replaced by “guild x” when the taxon was clearly related to this guild.

combined (e.g. pollinators with different phenology can provide ser-

Dispersal
Aerial dispersal

peared in a sentence of the form “[Taxon x] is known to play a role in
[ecological process y].” We also accepted cases where “taxon x” was

Hunting strategy
Eye size

short wings were more cold-tolerant in laboratory trials and bee
communities sampled in colder environments in the field reflected
these same response traits (Peters, Peisker, Steffan-D ewenter, &
Hoiss, 2016). In turn, Stavert et al. (2016) showed that pollination
efficiency was related to the hairiness of bees and the morphological structure of flowers, which could mean that temperature
indirectly structures pollination networks. In another study, the
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TA B L E 2 Number of studies per taxa
for the 171 publications and the number
of response traits related to each
ecological filter type (dispersal, abiotic,
biotic) or the number of effect traits.
“Undescribed” represent traits we were
unable to relate to a particular filter in the
reviewed publications

Taxa

Studies

Dispersal

Abiotic

Multitaxa

14

4

2

9

6

0

6

4

Araneae

21

3

7

Isopoda

1

1

4

Diplopoda

1

0

Collembola

13

2

Hemiptera

2

Orthoptera

8

Carabidae
Coleoptera

a

Effect

1213

Undescribed

Total

9

1

25

0

2

12

10

1

0

21

3

0

1

9

0

0

2

3

5

4

6

0

5

17

2

0

6

0

1

9

4

1

6

4

1

16

36

7

3

15

6

8

39

21

6

4

8

1

7

26

Acari

Biotic

|

Lepidoptera

20

5

1

11

0

1

18

Apoideaa

20

2

2

9

11

3

27

Formicidae

19

3

8

16

1

9

37

Syrphidae

3

1

1

6

0

0

8

Includes pollinators at large.

and responding organismal functions, and 37% provided a justifica-

40

tion for selected traits (Figure 5). Effect trait studies (n = 18) showed

Number of published studies

a more consistent approach with ecological processes and hypotheses being clearly identified in 61% of the cases.

30

These results suggest that moving towards a predictive science
is challenging. The functional trait approach could help in developing a predictive ecology (Shipley, Vile, & Garnier, 2006); however, it
can only be carried out if common goals are identified and underly-

20

ing assumptions are understood (Shipley et al., 2016). While these
assumptions were well identified in the past (Loreau, 2010; McGill
et al., 2006; Naeem & Wright, 2003; Reich, Walters, & Ellsworth,

10

1997; Shipley, 2010), they are often forgotten, even in plant ecology (Didham, Leather, & Basset, 2016; Shipley et al., 2016). This
aspect can be easily resolved by going back to the basics and by

<2

00
0
20
01
20
02
20
03
20
04
20
05
20
06
20
07
20
08
20
09
20
10
20
11
20
12
20
13
20
14
20
15
20
16

0

postulating hypotheses allowing to identify ecological mechanisms
(Figure 2).

Year
F I G U R E 3 Temporal progression of the number of published
studies using the functional trait approach with terrestrial
arthropods

3.2 | Message 2: We are documenting a diverse
set of traits indicating more creativity, but we are
having trouble identifying a common set

length of ant legs was shown to decrease with the complexity of

relation to hypothesized dispersal, abiotic and biotic environmen-

the environment where they forage, which could be a trade-off

tal filters or associated ecosystem processes (summary presented

For all 171 published studies, we summarized functional traits in

between foraging speed and manoeuvrability (Wiescher, Pearce-

in Tables 1 and 2 and details in Table S2). We also classified each

Duvet, & Feener, 2012).

trait as per the five categories (morphology, physiology, life history,

Nonetheless, our analysis of whether studies were clearly

behaviour and feeding) described by Moretti et al. (2017). We ex-

hypothesis-driven revealed that only 19% of response trait studies

cluded from the trait list all “traits” related to ecological preference,

(n = 139) clearly met all three criteria (i.e. identifying environmental

that is traits describing the habitat preference of the species (e.g.

filters and postulating hypotheses linking traits, functions and filters).

“preferred altitude”, “open vs. forested habitat”) (Pey, Nahmani et al.,

Over the years, this percentage did not vary much, except for a peak

2014; Violle et al., 2007).

of 33% in 2011–2012 (Figure 4). When each criterion was consid-

Overall, we distinguished 156 different response or effect traits

ered individually, 61% of the articles clearly identified environmental

associated with 49 different functions demonstrating a will to ex-

filters, 37% offered hypotheses linking traits to environmental filters

plore several aspects of arthropod ecology with functional traits

1214
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(Table S2). These advances represent substantial and valuable ex-

We also observed a lack of standardized measurement protocols.

ploratory work, and we recognize that such exploration sometimes

For example, in some taxa, the length of the legs can be related to

makes justifying traits and postulating clear hypotheses more

their foraging speed; however, it is measured either as the whole leg

challenging. Some traits were largely studied across taxa, such as

length or as the length of the femur only depending on the study

body size, dispersal ability (based on presence/absence of wings),

(Table S2). Establishing standardization in trait measurement will be

overwintering stage and voltinism (Table S2). These traits provide a

necessary to facilitate generalizations across studies.

common currency leading to a possible generalization across taxa.
Nonetheless, only 31 traits were repeated in at least five studies
and with at least two taxa, demonstrating a limit to generalization.
A common set of traits will be helpful to address broad questions

3.3 | Message 3: There is an improvement in
available tools to study functional traits

about community assembly or ecosystem functioning (Moretti et al.,

A first important step towards generalization and standardization

2017). However, it is noteworthy to mention that when studying a

was made with the publication of a list of core traits and “handbook”

specific taxon, specific traits can sometimes be more informative. In

with standardized protocols to measure traits for terrestrial inverte-

this respect, traits such as femoral length of ants and nest position

brates (Moretti et al., 2017). We encourage future studies to build on

of bees are also well documented (Table S2).

this list as much as possible; however, this list is not exhaustive and

The literature review also revealed a bias in the types of traits we

other traits will be required in some circumstances. Undoubtedly,

are measuring (Table S2). Half of the inventoried traits were morpho-

the “handbook” will continue to evolve so as to expand the list of

logical traits (81), while only 11 physiological traits were found. The
three other categories (life history, behaviour and feeding) were rep-

(a)

resented with c. 25 traits. Thirty-five traits, of which 33 were morphological traits, were impossible to relate to a clear function based

60

undescribed” (Table S2). Morphological traits are interesting as they

40

a relatively short time. However, they do not always represent func-

20

tionally important traits and should be used with caution (Didham

0

taxa. For example, length of the front legs of ground beetles can
be associated with running speed (Forsythe, 1983), while the same
trait is related to prey type in orb-weaver spiders (Olive, 1980) and
to catching distance of mantis (Michaels, Prindle, & Turvey, 1985).
A functional trait approach needs to rely on functionally meaningful (i.e. related to fitness) and consistent traits (Moretti et al., 2017;
Shipley et al., 2016).

(b)

Step 2: Relate function to filters

100
80
60
40
20
0

Step 3: Justify traits in relation to the function

(c)
100

100

No
Yes

80
60

80
60
40

40

20

20

ra
(39
pid
)
op
t
e
Hy
ra
me
(12
no
)
pte
ra
(27
)
To
tal
(13
9)
Le
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leo

pte

ra

(5)

)
(11
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tho

pte

(15
Co

lle

mb
ola

)
(23

hn
ida

xa

ac

ita
Mu
lt

9)
(13

)
(27

To
tal

16
20

15

(31

)

)
20

14
-20
13

20

-20

12

(24

(31

)

)
(26
10

11
20

≤2
0

F I G U R E 4 Percentage of published studies on response traits
of terrestrial arthropods postulating all hypotheses presented in
Figure 2 allowing to identify mechanisms relating traits to filters
across publication years. Numbers in parentheses are the number
of published studies per taxa

)

0

0

Ar

Percentage of
published studies

Percentage of published studies

can easily be measured on a high number of specimens and species in

be generalized as they are associated with different functions across

No
Yes

80

on given information and were set apart in the category “function

et al., 2016; Shipley et al., 2016). Furthermore, often, they cannot

Step 1: Identify constraining environmental filters

100

F I G U R E 5 Percentage of published studies on response traits of
terrestrial arthropods that (a) identify constraining environmental
filters, (b) relate functions to filters and (c) justify traits in relation to
the function. Numbers in parentheses are the number of published
studies per taxa
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core traits and refine measurement protocols. Particularly, we noted

trait–environment relationships (Ovaskainen et al., 2017; Peres-

the need for a list of traits related to different types of interactions

Neto, Dray, & ter Braak, 2017). Trait–environment relationships

(trophic, symbiotic, competition, etc.).

were often quantified in the past with statistical models relating

An important improvement has been the development of some

community weighted means (CWMs) of response traits with ei-

open databases for invertebrates. National (e.g. Canadian Repository

ther abiotic or biotic variables (Lavorel et al., 2013; Shipley et al.,

of Invertebrate Traits and Trait-like Requirements—CRITTER;

2006). While these analyses helped advance functional ecology

Handa, Raymond-Léonard, Boisvert-Marsh, Dupuch, & Aubin, 2017)

considerably, other techniques are now recommended as CWMs

and international (e.g. BETSI database for soil invertebrates; Pey,

can inappropriately represent the variance in trait composi-

Laporte et al., 2014) initiatives have emerged. Taxon-specific da-

tion, leading to incorrect statistical inference (Peres-Neto et al.,

tabases such as Carabids.org for ground beetles of the Palaearctic

2017). Alternatively, methods such as the fourth corner analysis

region (Homburg, Homburg, Schaefer, Schuldt, & Assmann, 2014)

(Legendre, Galzin, & Harmelin-V ivien, 1997), a multivariate model

or GlobalAnts for ants (Parr et al., 2017) have stimulated reflections

quantifying the correlation between traits and the environment,

among specialists. While these databases include only a small part of

can be useful. Another promising method builds on the strengths

the diversity of terrestrial arthropods, they represent valuable tools

of hierarchical models and Bayesian statistics to include traits

to synthesize the large amount of information available in specialized

and phylogenies in joint species distribution models (JSDMs; see

literature (Luck et al., 2012; Pey, Nahmani et al., 2014).

Warton et al., 2015; Ovaskainen et al., 2017). JSDMs offer a new

The development of databases characterizing multiple traits,

approach to represent multivariate data, quantifying not only the

species and environments will also help to resolve questions related

relationship between species distribution and the environment,

to traits and performance of organisms at large scales (Reich et al.,

but also the covariation between them. The hierarchical structure

2014; Shipley et al., 2016). So far, the link between traits of arthro-

of the model allows to constrain parameters such that species with

pods and their performance in varying abiotic and biotic conditions

similar functional traits will respond similarly to the environment.

is lacking. Links are merely hypothetical and were tested at local

The development of such methods is currently an active field of

scales, subjecting them to locally dependent effects that can im-

research in community ecology, and new methods are expected

pede robustness, generalization and predictive ability (Violle, Reich,

in the coming years that will benefit arthropod functional ecology.

Pacala, Enquist, & Kattge, 2014). Ideally, the effect of the studied

These methods will help us uncover general relationships between

filter should be removed from any other filter, but this is not always

arthropod traits and the environment, irrespective of the regional

possible (Kraft et al., 2015). Another complication is that in some cir-

species pool, that could prove useful to predict species distribu-

cumstances, a combination of multiple traits will better determine

tions in the context of global change.

the relationship of organisms to an environmental gradient than a
single trait (de Bello et al., 2010; Violle et al., 2012). Consequently,
it can be hard to isolate the independent contribution of specific
traits to a function, particularly for traits correlated with body size.
Integrating large scale datasets including many sites with different

4 | D E A LI N G W ITH H I G H I NTR A- A N D
I NTE R S PEC I FI C TR A IT VA R I ATI O N O F
A RTH RO P O D S

sets of species will allow to extract the correlation between traits
and filters, while minimizing locally dependent effects (Violle et al.,
2014; Wright et al., 2004).

One principal challenge to find generalizable traits with arthropods
is to identify the ones that can be measured across the high diver-

Databases also have the complementary beneficial effect to

sity in species, shape and morphological structures. The challenge

promote the use of standardized measurements of traits (Homburg

becomes even bigger if one wants to consider communities includ-

et al., 2014) and the establishment of a common language (thesau-

ing other invertebrates such as detritivorous food webs with nema-

rus) to describe traits and ancillary data (e.g. see Pey, Laporte et al.,

todes and earthworms (Moretti et al., 2017). Also, in many arthropod

2014). As databases continue to develop, thesauruses are being ex-

taxa, adults and immature organisms are dissimilar with each stage

panded to include a larger diversity of traits and taxa and this com-

possessing its own set of traits. To a lesser extent, such dimorphism

mon language will help to prevent misinterpretation of available data

can also be true for males and females. The implications of such in-

(Shipley et al., 2016). However, while the importance of common

traspecific variation in the application of the functional approach

databases is generally well accepted, the philosophy behind open

with arthropods have rarely been discussed. Nonetheless, exploring

databases could impede their development as they are highly profit-

the implication of intraspecific trait variation (ITV) of arthropods will

able to users, but less profitable to contributors. This problem could

be required in the near future.

be resolved by encouraging data citations and other measures for

Traditionally, mean species trait values were used to cal-

the recognition of contributions (Baird et al., 2011; Poisot, Mounce,

culate functional diversity metrics (Albert, Grassein, Schurr,

& Gravel, 2013).

Vieilledent, & Violle, 2011), but research in plant ecology has

Beyond the development of standardized protocols and data

demonstrated that including ITV can improve the ability to infer

repositories for arthropods, another important general advance

community structure (Jung, Violle, Mondy, Hoffmann, & Muller,

has been the development of statistical tools to investigate

2010; Volf et al., 2016). ITV can represent more than 30% of
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processes and improve predictive ability (e.g. biting force, dispersal

height and leaf N concentration (Siefert et al., 2015) and is likely

distance, water loss rate). Traits such as body size and phenology

to play an important role if it is large compared with interspecific

are commonly used across taxa (Hedde, van Oort, Renouf, Thénard,

variation (Siefert et al., 2015). Identified factors influencing the

& Lamy, 2013; Moretti & Legg, 2009), but are difficult to relate to a

importance of ITV include the scale of the study (Albert et al.,

particular filter. For example, body size has been a useful trait to sum-

2011) and the type of traits measured; for example, leaf chem-

marize complex ecological networks (Gravel, Poisot, Albouy, Velez,

ical traits are more variable within species than leaf morpho-

& Mouillot, 2013) and is also central to the metabolic theory of ecol-

logical traits (Siefert et al., 2015). With animals, it is expected

ogy (Brown, Gillooly, Allen, Savage, & West, 2004). However, the

that behavioural traits may be more variable than morphological

predictive ability of body size varies enormously across ecosystems

traits (Duckworth, 2009). For example, 30% of community-level

(Brose et al., 2006). Even when considering metabolic theory, body

trait variation was explained by ITV for web-b uilding behaviour

size alone explained only between 2% and 20% of the observed vari-

of spiders in urban areas (Dahirel, Dierick, De Cock, & Bonte,

ation in metabolic functions for species across a 10-fold size range

2017). Temperature can also influence ITV as it affects the ex-

(a scale corresponding to that typically observed in arthropod com-

pression of many life-h istory traits of arthropods including fe-

munities) (Brown et al., 2004).

cundity, growth rate and feeding rate (Arias, Poupin, & Lardies,

Another aspect to consider is that different strategies can evolve

2011; Römbke, Römbke, & Russell, 2011). To encourage future

to resolve the same problem; thus, different trait values can result

studies on ITV, we recommend reporting mean trait values with

in the same niche (Young, Haselkorn, & Badyaev, 2007). Thus, traits

their standard deviation in publications (Moretti et al., 2017) and

should be selected to reflect the outcome (e.g. feeding niche) of the

providing data for each measured individual in databases.

trait instead of the trait per se. In some cases, the same trait, for
example biting force, will be measured differently depending on the

4.1 | Immature vs. adult stages

type of mouthparts (mandibles vs. chelicerae), but will still have the
same outcome (Moretti et al., 2017; van der Meijden, Langer, Boistel,

Hypotheses in functional trait studies should be postulated such that

Vagovic, & Heethoff, 2012). In other cases, different traits may be at

traits associated with the appropriate life stage are considered when

play. For example, two different strategies can be used to eat a snail:

studying taxa with varying ecology or morphology throughout their

crushing the shell with strong mouthparts or attacking through the

development (e.g. Odonata, Coleoptera, Lepidoptera, some Acari).

aperture with long appendices (Nyffeler & Symondson, 2001). In this

Very few of the reviewed studies included traits related to immature

example, biting force and length of mouthparts are both describing

stages except for Lepidoptera and Syrphidae, and in these cases, only

the same feeding niche.

traits related to diet and habitat were included. Nonetheless, in some
cases, response traits of immature organisms could better explain
the distribution of the organisms than those of adults, particularly
for capital breeders, that is species for which important traits such

5 | TR A IT- M ATC H I N G : A PRO M I S I N G
PE R S PEC TI V E

as size and fecundity are determined by the resources they accumulate during the immature stages (Tammaru & Haukioja, 1996). Such

Considering traits of arthropods (beyond plants) opens the door

considerations are also true for effect traits of defoliators as imma-

to the emerging field of interaction ecology, where their complex-

ture organisms (e.g. caterpillars) generally cause the most damage to

ity and their consequences are widely acknowledged (Brousseau,

plants. Including traits from a stage that is not associated with an en-

Gravel, & Handa, 2018; Gravel et al., 2013). The functional trait ap-

vironmental filter or active in the studied ecological process will not

proach could be highly interesting to solve the challenge of docu-

only be meaningless, but may lead to misinterpretation. Intraspecific

menting interaction networks (Bartomeus et al., 2016; Gravel et al.,

variation caused by life stage differences can be considered by treat-

2016; Morales-C astilla, Matias, Gravel, & Araújo, 2015). In turn, the

ing both stages separately in the analyses (Bolnick et al., 2003).

structure of ecological networks is seen as an important component

Similar problems can be encountered with sex dimorphism. In
some cases, only few traits will be affected such as a larger body

determining species distributions (Araújo & Rozenfeld, 2014) and
ecosystem processes (Loreau, 2010).

size for females or hypertrophied mandibles of males. Nonetheless,

The particularity of traits involved in the occurrence of inter-

these sexual differences can create a distinct niche for both sexes

actions is that they influence both the response (the performance

(Mason, 1977). When dimorphism creates a bimodal distribution for

of the consumer will depend on the occurrence of resources with

one of the studied traits, it would also be advisable to treat sex dis-

appropriate traits) and the effect (by trophic regulation). Traits re-

tinctly as for immature life stages.

lated to interactions can be used in a one-dimensional way (i.e.
considering only the consumer’s point of view) or in a bidimen-

4.2 | Treating high interspecific variation

sional way through trait-matching (i.e. by considering traits of both
interacting organisms). In theory, trait-matching can be applied

Dealing with a high diversity implies the need to establish stand-

to any kind of species interaction (Morales-C astilla et al., 2015);

ard traits that will increase our capacity to infer across taxa and

however, its study has been limited to feeding and mutualistic
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interactions. In these cases, foraging traits of the consumer (e.g.
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as plants. This reality needs to be considered by giving a higher im-

body size, strength, length of the tongue) can be matched to

portance to the traits related to their interspecific interactions as

vulnerability/palatability traits of the resource (e.g. body size,

well as their movement ability. Identifying the right set of traits to

toughness, depth of the corolla) to determine the probability of in-

study arthropods will be a long challenge because of their diversity

teraction between two organisms (Brousseau et al., 2018; Ibanez,

and the lack of data for many taxa. However, with the understanding

2012). An interesting aspect of trait-matching is that the same

of meaningful traits and the development of databases to share this

traits can be used to answer questions related to response and

information, it could become a powerful tool in the future.

effect traits. For example, the variance of mean biting force of the
grasshopper community responds to the mean leaf toughness of
the plant community (Le Provost et al., 2017). In turn, biting force

AC K N OW L E D G E M E N T S

predicts the effect of grasshoppers on plant biomass (Deraison,
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Trait-matching can be used in effect trait studies by providing

anonymous reviewers to improve the quality of this article. Our

information on the efficiency of an organism in a particular task

research was financed by the Natural Sciences and Engineering

(Schleuning et al., 2015). This aspect was principally studied in polli-

Research Council of Canada (NSERC) and le Fond de recherche du

nation networks, where the matching of the proboscis length of the

Québec – Nature et technologies (FRQNT).

pollinator and the depth of the corolla of the flower is well demonstrated (Ibanez, 2012; Inouye, 1980). This trait-matching is a good
predictor of species interactions (Ibanez, 2012) and of the handling
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location of the hairs on the body of the pollinator can be matched to
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the morphology of the flower to determine the efficiency to pollinate a flower (Stavert et al., 2016).
In some instances, trait-matching can be used to relate more than
two trophic levels. A study on leaf litter decomposition demonstrated
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that increasing the functional diversity of both decomposers and leaf
litter traits increased the decomposition rate (Coulis et al., 2015).
This could be related to resource preference shown by decompos-
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chemical traits of leaf litter affecting their assimilation efficiency. In
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David, 2016) can influence the characteristics of the faeces of decomposers (e.g. C:N ratio, fragmentation of plant material), microbial
activity and the relation to the decomposition rate (Hedde, Bureau,
Akpa-Vinceslas, Aubert, & Decaëns, 2007). Thus, we can hypothesize that trait-matching could help to better understand the impact
of functional diversity on decomposition rate, but further work will
be needed.

6 | CO N C LU S I O N S
The use of functional traits to study plant community structure and
dynamics is highly profitable for community ecologists, as well as
for applied ecology. Studies of arthropod functional traits should be
just as promising. Nevertheless, we must keep in mind that a trait-
based approach is a simplification of a species-based approach.
The strength is in the capacity to generalize and offer clear mechanisms, thus emphasizing the importance to apply a hypothesis-based
framework for studies. As active heterotrophs, the reality of arthropods is tremendously different from the reality of sessile autotrophs
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