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Abstract
Trait and functional trait approaches have revolutionized ecology improving our
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understanding of community assembly, species coexistence, and biodiversity loss.
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but terms must be used consistently. While several papers have offered definitions,
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Focusing on traits promotes comparability across spatial and organizational scales,
it remains unclear how ecologists operationalize “trait” and “functional trait” terms.
Here, we evaluate how researchers and the published literatures use these terms
and explore differences among subdisciplines and study systems (taxa and biome).
By conducting both a survey and a literature review, we test the hypothesis that
ecologists’ working definition of “trait” is adapted or altered when confronting the
realities of collecting, analyzing and presenting data. From 486 survey responses and
712 reviewed papers, we identified inconsistencies in the understanding and use
of terminology among researchers, but also limited inclusion of definitions within
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the published literature. Discrepancies were not explained by subdiscipline, system
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understanding even among those working in related topics. Consistencies among
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cal traits. Previous studies have called for unification of terminology; yet, our study
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offer guidelines for overcoming these disagreements. The diversity of life on Earth

of study, or respondent characteristics, suggesting there could be an inconsistent
survey responses included the use of morphological, phonological, and physiologishows that proposed definitions are not consistently used or accepted. Sources of
disagreement include trait heritability, defining and interpreting function, and dealing with organisms in which individuals are not clearly recognizable. We discuss and
means traits can represent different features that can be measured and reported
in different ways, and thus, narrow definitions that work for one system will fail
in others. We recommend ecologists embrace the breadth of biodiversity using a
simplified definition of “trait” more consistent with its common use. Trait-based approaches will be most powerful if we accept that traits are at least as diverse as trait
ecologists.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
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1 | I NTRO D U C TI O N

2008). Differences include the explicit mention of independence
from environment, the use of organism vs. individual and the restric-

Functional trait ecology originates from plant community ecology,

tion of Violle et al. (2007) to a certain subset of traits (morphological,

and plants continue to dominate the functional trait research focus

physiological, and phenological). Without a single accepted defini-

(Kraft et al., 2015; Kunstler et al., 2016; Shipley et al., 2016) with a

tion, researchers have applied the term in varying ways. Ambiguity

growing body of literature using a functional trait approach in other

around the use of the term “trait” or “functional trait” has been dis-

organisms (e.g., Aguilar-Trigueros et al., 2015; Dawson et al., 2019;

cussed by trait ecologists for many years (e.g., Violle et al., 2007).

Moretti et al., 2017). The emergence of trait-based approaches has

Yet, recently, several publications and commentary pieces have

revolutionized the modeling of species distributions, population

highlighted this as a continuing major shortcoming of functional trait

dynamics, species coexistence, and ecosystem functioning, partic-

ecology (Brodribb, 2017; McGill, 2015; Moles, 2018; Shipley et al.,

ularly in the last two decades (Cadotte et al., 2015; González-Suárez

2016). Some have offered new definitions or standardized sub-terms

& Revilla, 2013; Laughlin & Messier, 2015; Moles, 2018; Schneider

to either encompass the broader way in which the term “trait” is cur-

et al., 2019). Studying functional traits is key to answering important

rently applied (Schneider et al., 2019) or adapted the term for spe-

questions in ecology, allowing researchers to add trait information to

cific nonplant organisms (Bellwood et al., 2019; Dawson et al., 2019).

species identities and investigate how the environment directly af-

One study went a step further and proposed “mechanistic” as op-

fects or is affected by different organisms based on functional traits

posed to “functional” traits (Brodribb, 2017). To support functional

(Gotzenberger et al., 2012; Legendre et al., 1997; Violle et al., 2007;

trait comparisons across taxa, Weiss and Ray (2019) advocate select-

Weiher & Keddy, 1995). This decoupling from reliance on species

ing functionally analogous traits that relate to community assembly

identities alone is one of the premises of functional trait approaches

processes. However, such cross-t axa comparisons may not always

and allows them to be used even for groups in which species iden-

be feasible or meaningful depending on the system and scale (Weiss

tity is hard to recognize (Carmona et al., 2016; Kraft et al., 2015;

& Ray, 2019), and trait approaches are still evolving, especially

Messier et al., 2010). While functional trait approaches are touted as

across environmental contexts and in understudied organism groups

being applicable across taxa (Shipley et al., 2016), due to the plant-

(Kissling et al., 2018). If traits and functional traits are to enable and

centric background of trait-based ecology, most trait theories and

enhance comparability between studies and analyses across spatial

approaches have been constructed using plants as a model (e.g.,

and organizational scales (Gavel et al., 2016; McGill et al., 2006;

Violle et al., 2007; Shipley et al., 2016; but see Gavel et al., 2016).

Shipley et al., 2016), there needs to be clarification and agreement

The growing subset of functional ecology focused on other study

in how ecologists define and use these terms (e.g., Garnier et al.,

organisms has led to incongruences in the use of concepts, defini-

2017). However, no study has explicitly analyzed how ecologists de-

tions, and approaches for taxa that do not follow the same life-form

fine and use trait and functional trait terms, despite a huge increase

or organism concepts as plants.

in research applications across organisms and ecosystems over the

Within the field of functional trait ecology, recent literature

last two decades.

(Weiss & Ray, 2019) and discussions among peers (e.g., at meet-

To contribute to the evolving field of trait-based ecology, at the

ings, workshops, and online blogs) suggests that there is disagree-

5th European Congress on Conservation Biology held from 12th

ment regarding the proper use of the terms “trait” and “functional

to 15th of June 2018, we organized an open workshop on the use

trait.” There is a range of definitions to draw upon, including the

of functional traits in nonplant organisms. The presentations and

well-known, but not fully overlapping or necessarily compatible

discussions highlighted the disagreement among researchers on

definitions of Violle et al. (2007): “a trait is any morphological, phys-

what categories make for acceptable “traits” and “functional traits.”

iological or phenological feature measurable at the individual level,

Participants had a range of backgrounds and worked with different

from the cell to the whole-organism level, without reference to

organisms including plants, fungi, insects, and vertebrates. From our

the environment or any other level of organization”… “a functional

conversations, we hypothesized that disagreements surrounding

trait as any M-P-P (morphological, physiological, or phenological)

definitions of functional traits were likely to be based on researcher

trait which impacts fitness indirectly via its effects on performance

subdiscipline, taxon of interest, or biome studied. To test this hy-

traits,” and McGill et al. (2006): “Trait: a well-defined, measurable

pothesis, first we conducted a post-conference online survey to

property of organisms, usually measured at the individual level and

understand how functional trait ecologists conceptualize functional

used comparatively across species. A functional trait is one that

trait terminology, and second, we undertook a literature review to

strongly influences organismal performance.” Functionality may be

see how functional traits are presented in peer-reviewed research

related to either the function of the individual (as per McGill et al.,

publications. The purpose of the survey was to ascertain where

2006; Violle et al., 2007) or function of ecosystem properties, for ex-

there was agreement or divergence on trait conceptualization in re-

ample, nutrient cycling, erosion, hydrology (Jax, 2005; Suding et al.,

lation to researcher subdiscipline, taxa of interest, or biome studied
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by a broader community of functional trait ecologists. By conduct-

backgrounds (e.g., experience, age, organism of specialization). We

ing both a survey and literature review, we tested the hypothesis

examined this question by creating a matrix of participant dissim-

that ecologists may have an opinion on traits that may be adapted or

ilarity based on answers to survey questions using the R function

altered when confronting the realities of collecting, analyzing, and

“trova” (de Bello et al., 2013). This approach is frequently used in

presenting data.

analyses of functional diversity, in which dissimilarity among organisms is estimated based on multiple traits. In our analysis, we con-

2 | S U RV E Y O N TH E I NTE R PR E TATI O N
A N D A PPLI C ATI O N O F TR A IT
TE R M I N O LO G Y

sidered participants as the organisms and their survey responses as
“traits.” We then grouped respondents according to their personal
and research features (subfield of research, studied taxa, biomes
in which they work, and experience working with trait-based approaches). For each of these groups, we created a series of virtual

After the conference workshop, an anonymous online survey

“communities” including all respondents who define themselves as

(Supplementary Information 1) was circulated to trait ecologists

being part of any of the categories defining that feature (e.g., “com-

using Google Forms (https://www.google.com/forms/about/). The

munity ecologists” within the “subfield of research” feature). Some

survey was publicly available from January to April 2019. We re-

respondents considered themselves as being part of more than one

cruited participants through our network of contacts and diverse

group (e.g., respondents working in “community ecology” and “com-

communicating platforms; for example, email lists, Twitter feeds.

putational biology”), and thus could be represented in more than one

Participation was voluntary, and all participants were informed of

group, just like a species can be part of different assemblages. We

the purpose of the survey and about their rights to refuse to an-

estimated the Rao index of diversity (de Bello et al., 2013; Carmona

swer any questions and to withdraw from participation at any time.

et al., 2016) that expresses the average functional dissimilarity be-

While the survey was available for anyone to complete, we did ask

tween the organisms (in this case the researchers) composing a com-

participants to select categories of study area and research experi-

munity (de Bello et al., 2016). The Rao index can also be estimated

ence. Informed consent was obtained, anonymity and confidential-

at different levels to partition functional diversity across scales (see

ity were explicitly granted, and we did not include any information

de Bello et al., 2010 for details). We calculated Rao diversity for each

that could be used to identify individual respondents. All data were

of the communities (e.g., for each subfield of research) as well as for

thus anonymized prior to analyses and are available (Supplementary

a pooled “ecosystem” that grouped all the different communities in

Information 2).

each feature (e.g., grouping all subfields of research).

In the survey, we asked a series of questions to capture the participants’ thoughts, interpretations and implementation of trait terminology. The first set of questions related directly to the participants’

3 | R E S U LT S O F TR A IT S U RV E Y

understanding and use of traits and functional traits (Supplementary
Information 1; Table S1.1), and the second set asked participants a

We received 486 responses to the survey. Most respondents worked

series of self-categorization questions (Supplementary Information

in Europe (56%) or North America (20%), with 10% based in South

1; Table S1.2) so that we could partition answers by subdiscipline.

America, 6% in Africa and <5% in Asia and Oceania. Respondents

Participant categorization included questions on researcher sub-

worked primarily on forest (35%), grassland (29%), or freshwater

disciplines based on taxa studied, subfield(s), research focus, length

(11%) ecosystems, and defined their research in very diverse ways,

of time they have been working with trait-based approaches and

with community ecology (17%), ecosystems ecology (11%), conser-

(if applicable) the continents of their work institution and on which

vation science (11%), and population ecology (8%) being the most

they conduct field work (Q9–Q17). The first set of questions Q1–

frequent answers. Most respondents had substantial experience

Q6 covered aspects of “trait” definitions including relevance to

with trait-based approaches (81% of respondents had used traits in

different biological categories and scales, independence from the

their work for more than 1 year, with ~20% having >10 years' ex-

environment (a point of difference in several commonly used defi-

perience); 18% of respondents had not worked with trait-based ap-

nitions), and heritability. Q7 and Q8 focused on “functional trait,”

proaches (Supplementary Information 3).

including conditions required to consider a trait as functional, and a

When asked about what should be considered a “trait,” re-

classification exercise to mark listed traits as either functional traits

spondents agreed in some cases but also showed divided opinions.

or not. These last two questions were sourced from various “trait”

Ecologists largely agreed that “morphological” (99% agree), “pheno-

definitions and “functional trait” papers respectively, so we could

logical” (94%), “physiological” (92%) and “behavioral” (83%) are ac-

identify discrepancies between the published literature and ecolo-

ceptable trait categories, whereas “geographic” is not (82% disagree.

gists’ understanding. All questions were carefully phrased to avoid

Figure 1). Within individual variables for these categories, most re-

prompting or biasing participants, and respondents selected from a

spondents considered that characteristics, such as “habitat fragmen-

range of options (e.g., strongly agree through to strongly disagree).

tation” (89%), conservation status (87%), species distribution range

We hypothesized that variability among respondents’ opin-

(73%), and population density (73%) should not be considered traits.

ions could be associated with different personal and professional

Most respondents considered “photosynthetic rate” (94%), “seed

|
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F I G U R E 1 Proportion of respondents in agreement with the different options for Question 1: “The following are acceptable
measurements of a biological ‘trait'.” Respondents are grouped according to their research experience (left) and continent in which they
perform their research (right). Note the overall consistency among groups in the agreement proportions

production” (93%), “leaf size” (92%), “desiccation tolerance” (91%),

“A biological “trait” must not be defined by its relation to the environ-

“body mass” (90%) or “body length” (90%) as traits. However, opin-

ment,” 10.2% of respondents were “unsure,” 38% agreed and 44% dis-

ions were more heterogeneous regarding the “cultural” (57% agree)

agreed, and 18% had a “neutral” opinion. Opinions were more certain

and “genetic” (55%) categories, with clear division of opinions for

about “A biological ‘trait’ must be heritable” with only 3% respondents

features, such as “home range size” (43%), “population growth rate”

being “unsure,” but opinions remained divided with half the respon-

(53%), “inbreeding coefficient” (53%), “allele frequency” (55%), “gen-

dents disagreeing and 36% agreeing. Finally, 81% of respondents

otype” (56%), or group size (56%).

considered that the terms “traits” and “characteristic” could be inter-

Disagreement also occurred about the scale at which a “trait”

changeable (8% “always,” 37% “most times,” and 36% “sometimes”),

can be defined. While there was consensus about the notion of de-

whereas 19% did not consider this equivalent meaning as generally

fining traits at the scale of “individuals” (95%), we found less agree-

correct (8% “never” and 11% “few times”).

ment within individual scales: “organ system” (77%) and “clonal line”

The estimated average Rao value for different subdisciplines did

(69%). Division among researchers was also clear for larger scales

not explain terminology preferences of the research community.

(Supplementary Information 3; Fig. S3.1). When asked about the

Within community, diversity (i.e., alpha diversity) was much higher

conditions that a trait must fulfil to be considered a “functional trait,”

than between community diversity (i.e., gamma diversity). If varia-

respondents showed disagreement again, with “affect ecosystem

tion in responses was associated with communities (e.g., subfield of

processes” (50% agree), “be related to resource acquisition” (50%)

research) then gamma diversity should be much greater than alpha

and “define important niche dimensions” (50%) being particularly

diversity. Instead, we found that for all features, >99% of the total

divisive. We only found agreement on the fact that few research-

diversity occurred within communities (e.g., within each subfield of

ers expected no conditions should be met (“none” 8%). Surprisingly,

research). For example, respondents working with vascular plants,

about a quarter (23%) of respondents did not consider that func-

fungi, or invertebrates were not more likely to have similar responses

tional traits should “affect organism fitness,” even though several of

to each other, showing that contrary to our prediction, personal and

the most widespread definitions state this requirement (e.g., Violle

professional backgrounds (at least those aspects we studied) do not

et al., 2007).

explain the lack of consistency in the understanding of traits among

In the remaining questions, the respondents were asked to show

ecologists (Figure 2).

their degree of agreement with several statements, and as above, we

Overall, our questionnaire revealed a high degree of disagree-

found variation in responses. When asked about their agreement with

ment over what constitutes a trait that cannot be easily explained by

16438
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F I G U R E 2 Differences in global opinions among respondents grouped into “communities” based on the primary taxa (left) and biome
(right) on which they perform their research. Each point represents a respondent on a nonmetric multidimensional scale analysis based on
the pairwise dissimilarity between responses to all the questions. For each community, the lines represent the 95% probabilistic contour.
Note the high overlap between the different groups, and the very low proportion of variability in responses explained by the groups (i.e.,
differences within group members account for >99% of total variability in both cases)
differences in lines of research, studied taxa, subfield, geographical

reviewers were assigned 10 papers that were also reviewed by one

origin, or experience.

or more other co-authors, thereby allowing us to measure reliability
among authors. We estimated reliability based on agreement (e.g.,

4 | LITE R AT U R E R E V I E W O N TH E U SAG E
O F FU N C TI O N A L TR A IT S I N ECO LO G Y

whether or not a trait type was mentioned, or biome included, in a
paper) tested by Cohen's Kappa (Cohen, 1960) using the irr R package
(Gamer et al., 2019). The mean Cohen's Kappa value among reviewers was 0.652, which can qualitatively be interpreted as a moderate

To examine how functional traits are described and presented in

(McHugh, 2012) to substantial (Muñoz & Bangdiwala, 1997) level of

peer-reviewed publications, we undertook a literature review. This

agreement in interpretation among co-authors with respect to paper

review focused on 16 journals where functional trait-based stud-

categorization (see Supplementary Information 4 for full analysis).

ies are often published: American Naturalist, AREES, Ecography,
Ecology, Ecology Letters, Ecological Monographs, Global Ecology and
Biogeography, Functional Ecology, Journal of Animal Ecology, Journal

5 | R E S U LT S O F TH E LITE R AT U R E R E V I E W

of Applied Ecology, Journal of Ecology, Nature Ecology and Evolution,
Oecologia, Oikos, PNAS, and TREE. Submissions to these journals

The 712 papers that fit the criteria for inclusion in our literature re-

were considered to represent expert authors and lead contributions

view spanned multiple taxa, biomes, and continents of focus. Some

to functional trait ecology research. We searched all articles pub-

papers focused on more than one taxa (73 total, e.g., both vascu-

lished in 2018 in which “trait*” appeared in the title, abstract and/

lar plants and vertebrates) or multiple biomes (134, e.g., forests and

or keywords. This resulted in 758 papers, which were randomly as-

grasslands; 74 and 35 papers were entirely laboratory and modeling

signed to eight co-authors. Data papers, medical papers, and papers

based, respectively). A total of 105 papers (14.7%) focused on more

in which “trait” was only used generically, or only in the abstract,

than one continent, or were global in scope (11 were entirely ma-

were removed, which left 712 papers.

rine focused). In 254 of these papers (35.7%), the term “functional

For each of the 712 papers, we recorded the following data: (a)

trait” appeared at least once in the body of the text. In the remain-

number of times “trait” and “functional trait” were used; (b) whether

ing 458 (64.3%), only “trait” was used. Definitions and citations

a definition for these terms was provided; (c) whether trait types

for “functional trait” and “trait” were provided in 31 (4.4%) and 22

from our survey (e.g., genetic, morphological, see Section 2) were

(3.1%) papers, respectively. Two additional papers defined “trait” but

mentioned as traits in the paper; and (d) study taxa, biome (including

did not provide a citation. Throughout our analyses, results did not

lab or modeling) and continent(s) of study. One author then went

qualitatively differ when only papers that included the term “func-

through all the papers to double-check for obvious errors. All eight

tional trait” were used in the summary statistics (see Supplementary

|
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Information 3). Most papers in our review focused on vascular

and regions, although trait papers focusing on plants used the term

plants, vertebrates, and/or invertebrates (633, or 88.9% of papers),

“functional trait” more often, and trait papers focused on animals

with only 79 papers (11.1%) studying fungi (24), nonvascular plants

were more likely to mention behavioral traits. The latter is unsur-

(15), protists (15), bacteria (22), archaea (2), or viruses (1). Overall,

prising given behavioral traits tend to be animal-specific, similar to

the specific term “functional trait” (as opposed to just “trait”) was

photosynthetic traits only being measured in plants.

used infrequently in papers that focused on animals whereas it was
relatively common in studies of vascular plants (Figure 3). In particular, 54.6% of papers on vascular plants included the term “functional
trait,” while percentages were much smaller for nonvascular plants
(33%), fungi (33%), vertebrates (14.1%), and invertebrates (21.7%).
Largely, the taxa on which a paper focused had little effect on

6 | G E N E R A L CO N C LU S I O N S FRO M TH E
S U RV E Y A N D LITE R AT U R E R E V I E W
6.1 | Survey vs. literature review

the types of traits mentioned in the paper. The exception to this observation was for behavioral traits, which were mentioned in 40%

The survey results suggest that researchers generally conceive traits

of papers focused on vertebrates and invertebrates compared with

the same way they are used in the literature. The significant disagree-

7.3% papers on other organisms (Figure 4). There were no notice-

ments in trait definition in the survey were unexpectedly not attribut-

able differences across biomes or continents of study in terms of the

able to any particular taxa, biome or continent, and were evenly spread

types of traits mentioned (Figure 5; Supplementary Information 3).

among subdisciplines. The large disagreements in the survey about

Although papers carried out in forest and grassland biomes did men-

trait definitions and the conditions necessary for a trait to be con-

tion behavioral traits less frequently than papers carried out in other

sidered “functional” would be hard to detect in the literature; few of

biomes (Figure 5), this is likely due to the relatively low proportion of

the studies we reviewed provided definitions or citations of the terms

papers in these biomes that focused on vertebrates or invertebrates.

“trait” or “functional trait.” If researchers disagree on the meaning of a

For example, 133 of the 363 studies (36.6%) that included work in

term and yet fail to provide definitions when they use it, it could be be-

forests or grasslands also included vertebrates or invertebrates,

cause they are either unaware that others are using the term trait and

while 210 of the 349 studies (60.2%) in other biomes included ver-

functional trait differently or are aware and do not wish to “open that

tebrates or invertebrates. Explicit mention of different trait types

can of worms” in their publications by providing a definition that may

was consistent across continents, with the exception of studies that

be viewed as wrong by reviewers, editors, and readers. Either way, this

only focused on marine organisms, 90.9% of which focused on ver-

presents a problem. Publishing papers with unrecognized ambiguous

tebrates or invertebrates.

terminology hampers one of the central tenets of functional ecology:

Overall, we found little evidence in the literature for major dif-

that focusing on functional traits enables and enhances comparability

ferences in the acknowledgement of different trait types across taxa

between studies and analyses across spatial and organizational scales

50
0

F I G U R E 3 Number of papers out
of a total 712 that focus on different
taxa (black bars) from the trait literature
published in 2018 in 18 selected journals.
Frequencies for archaea (2 papers) and
viruses (1 paper) are not shown. Papers
that include the term “functional trait”
in the text are shown in grey bars.
Abbreviations: V. plants = vascular
plant, N-V.plants = nonvascular
plants, Vert. = vertebrates,
Invert. = invertebrates
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Vascular plants (173)

Vertebrates (30)

Invertebrates (34)

Fungi (8)

Taxa

F I G U R E 4 Proportion of papers reviewed focused on different
taxa that mention each trait type. We reviewed 712 papers
published in 2018 from the functional trait literature covering 16
journals. We present the most commonly studied taxa, nonvascular
plants (15), protists (15), bacteria (22), archaea (2), and viruses
(1). Papers could include more than one type of taxa and trait
type. Error bars show 95% bootstrapped confidence intervals.
Bootstrapped confidence intervals were calculated by sampling
from binary (YES = 1/NO = 0) vectors with replacement and
calculating the distribution of proportions over 10,000 replicates
(Manly, 2007)

Forest (265) Grassland (173)

Marine (54)

Freshwater (80)

Urban (43)

Lab (74)

Biome

F I G U R E 5 Proportion of mentions for different trait types in
the functional trait literature across papers focused on different
biomes in 2018. Most papers focused on the six biomes named
on the x-axis (number of papers for each biomes are shown in
parentheses); biomes not included are benthic (20), desert (37),
cropland (17), shrub land (9), alpine (25), modelling (35). Papers
might have included more than one biome. Colored bars show
different trait types, and the y-axis is the proportion of papers in
which each trait type is mentioned for each taxa. Error bars show
95% bootstrapped confidence intervals

6.2 | Classic definitions vs. current use
(McGill et al., 2006; Shipley et al., 2016). Achieving this goal requires
clarification and agreement within the wide community studying func-

It appears that although classic definitions, such as Violle et al. (2007)

tional traits on future definitions.

and McGill et al. (2006) are often used in trait parlance, current opin-

In terms of types of traits, some, like morphological traits are well

ions (i.e., survey results) of functional traits do not completely align

used in the literature and broadly accepted by the survey respon-

with these. Is this a problem? Potentially, as there seem to be dis-

dents. However, other categories that were generally supported as

crepancies among researcher interpretations, meaning that research

valid in the survey (behavioral, cultural, and genetic) hardly appeared

may not be directly comparable and term ambiguity can lead to mis-

in the reviewed papers. Two possible explanations for this are that

use of data and findings. Despite available definitions supposedly

plants continue to dominate the trait literature and that morpholog-

being applicable to all organisms, it was also found in the survey that

ical traits are the easiest to measure, and thereby the most widely

researchers perceive their application as flexible depending on study

used. Nonmorphological traits may also be under-explored because

organism. This suggests that despite the universality claimed, cur-

they are perceived as being less informative or less widely recog-

rently available definitions are not easily applicable to some organ-

nized, therefore studies based on these less used traits (e.g., cultural

isms such as those without marked individual boundaries (e.g., fungi,

or genetic) may be more difficult to publish. Whatever the explana-

clonal mosses, and colony ants). The fact that recent papers are still

tion, the outcome is a bias in the literature toward morphological

offering altered definitions of functionality or traits (e.g., Bellwood

traits despite the fact that many researchers recognized other trait

et al., 2019; Dawson et al., 2019) further supports our claim that

types. By focusing heavily on morphological traits, we may be miss-

current practitioners are unable to make classic definitions work in

ing important processes and insights. We cannot fully operational-

their field. Unification and clarity in the use of functional trait con-

ize trait research across organisms without first directly addressing

cepts and terms may have been achieved in plant ecology following

what constitutes a trait and how they can be used.

the Violle et al. (2007) definition, which is widely accepted and used
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(e.g., Hortal et al., 2015; Velland, 2016). However, we are still at-
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tempting to find universally useful terms applicable beyond plants.
Our survey shows that there are two main aspects of the classic

We identified the need for clarification of trait-based terminol-

trait definitions over which there is ample disagreement today: that a

ogy and application, but we are far from the first to call for such a

trait must be heritable and that a trait must be independent from the

standardization (e.g., McGill, 2015; Shipley et al., 2016; Violle et al.,

environment. Violle et al. (2007) have the environmental indepen-

2007). Our results from the survey and literature review suggest

dence clause in their definition, and Garnier et al. (2015) emphasize

that despite more than a decade since the first calls, there is still

that a trait must be heritable. The emphasis on heritability may lead

disagreement among researchers over term meaning and ambiguous

to confusion because, much like the term “trait,” “heritability” is used

application in the literature. On a positive note, contrary to expec-

both as a colloquial term to indicate generic causal relationships at-

tations, we found that disagreements among researchers were not

tributable to ancestry (as opposed to incidental acquisition during

due to partitioning within subfields, but evenly spaced across the

life for reasons entirely unrelated to ancestry), and more accurately

field. This means that there is no need to break out of subdisciplines

as a technical term with a specific meaning in biology (Visscher et al.,

or choose one over another, but that broad clarification is needed

2008). In quantitative genetics, heritability is defined as the propor-

across the entire community.

tion of phenotypic variance in a population that can be attributed to

True comparability will require a truly universal definition appli-

variation in total (broad-sense heritability, H2) or additive (narrow-

cable to the diversity of life and conditions on the planet, a difficult

sense heritability, h2) genetic values (Visscher et al., 2008). Because

order to fill. To start, we recommend studies, at a minimum, state

these values can and do change over time and across environments

or reference definitions they are practicing for trait terminology.

at times offering estimates of zero heritability, this would imply that

Definitions can provide clarification on a study level with minimal

whether or not something is a trait can change depending on where

effort on the part of the researcher, and make it easier to compare

or when it is measured, a less than desirable property. Confusion

and draw generalities from research in the future. We also propose

surrounding the trait independence from its environment clause may

a return to the basics, embracing a simplified definition that could

also result from differences in interpretation. What is represented by

satisfy more trait ecologists:

a trait, its definition, can be independent of the environment even if
to obtain measurements or values of that trait we must do so within

A trait is a measurable characteristic (morphological,

given environmental conditions, which ideally are standardized. So,

phenological, physiological, behavioural, or cultural)

while traits should be defined independently of the environment,

of an individual organism that is measured at either

they are measured under some set of environmental conditions. It is

the individual or other relevant level of organization.

for this reason that trait handbooks (e.g., Perez-Harguindeguy et al.,
2013; Moretti et al., 2017) define standard conditions for measuring

While traits are more commonly defined and measured at the

traits. For example, growth rate can be defined independently of en-

individual level, our definition allows for needed exceptions: life-

vironmental conditions, but if we want to compare growth rate es-

forms in which individuals are difficult to define for measurement

timates among different organisms to see which are faster growers,

purposes (e.g., fungi, coral, mosses; lacking defined individuality) or

we must compare measurements taken under consistent, reported

in which many individuals act as a single unit (e.g., an ant colony; a

environmental conditions. Although the opinions of trait researchers

superorganism, sensu Hölldobler & Wilson, 2009). Within individual

are split on these aspects, they are rarely addressed or specified in

traits (e.g., biochemical, cellular or organ system) should be reported

the literature, resulting in further confusion within trait ecology.

at the individual level, thereby adhering to the definition above. For

Finally, the plethora of trait definitions to choose from, each with

organisms lacking defined individuality, traits are often measured at

slightly different emphases, caveats and subcriteria, increases the

a set area, which could be termed a “functional unit” (e.g., crustose

difficulty of clarifying functional trait terms. Violle et al. (2007) and

lichens, Mallen-Cooper & Eldridge, 2016; mosses, Waite & Sack,

McGill et al. (2006) are often presented as the classic terms and many

2010), per constrained unit for the organism (e.g., saprotrophic fungi

have adapted these definitions; however, new or adapted definitions

in a deadwood log; Dawson et al., 2019) or clonal organisms that

are still being created (e.g., Bellwood et al., 2019; Brodribb, 2017;

can have a pseudoindividual defined (e.g., ramets in plants, fruit bod-

Dawson et al., 2019; Gavel et al., 2016; Schneider et al., 2019). The

ies in fungi). These are the three main methods for addressing trait

increasing number of definitions, each adapted for different target

measurement in organisms where it is difficult to determine individ-

organisms, study types, or research goals creates further ambiguity

uality. We believe these methods are valuable and provide a way

and distances researchers from the goal of using functional traits to

of incorporating these organisms into a functional trait framework.

study all types of organisms in all areas (Keddy, 1992; Shipley et al.,

However, where these methods are applied, they must be explic-

2016). Further, the disagreements and division shown in the survey

itly recognized and defined in the publication. For superorganisms,

surrounding trait definitions and what constitutes a trait are likely

where more than one individual organism makes up the cluster,

brought about or enhanced by the ambiguity of trait terminology

colony, family, etc., trait expression and measurement may occur at

terms. It is urgent to clarify these terms if functional trait studies are

that level (Hölldobler & Wilson, 2009). In fact, in evolutionary biol-

to be truly cross-species and intercomparable (Shipley et al., 2016).

ogy, some have argued that organized colonies should be viewed as
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individuals in their own right (Haber, 2013, but see also Gardner &

also alternative uses in the biological sciences; for example, the term

Grafen, 2009). When studying traits of superorganisms, we recom-

“trait” has been operational in evolutionary biology at least since the

mend measurements of the size/abundance of colonies or families

mid-20th century, when it was defined by Dobzhansky (1956) as “an

are reported to aid in comparison among groups.

aspect of the whole or of a certain portion of the developmental

Our definition also removes some of the stumbling blocks we

pattern of the organism.” There are also a range of “life history traits”

identified above regarding the need for traits to be heritable or inde-

that while measured at the individual level are defined at the pop-

pendent of the environment. Heritability has been suggested to be

ulation level, which are often termed “traits,” for example, longev-

fundamental to the definition of “trait,” but we prefer not to include

ity, age at first reproduction, number of offspring, etc. These can be

it as retaining heritability excludes cultural traits and traits that,

seen as common currency for many comparative ecology studies and

while not technically heritable (due to a lack of underlying genetic

may also be useful when amalgamating taxa from very different life-

variation), are otherwise functionally relevant to questions in trait

forms into the same study (Healy et al., 2019). However, according

ecology. Hence, the heritability qualification is typically irrelevant

to some definitions, these are not technically traits (McGill, 2015),

(and rarely, if ever, tested explicitly). For example, plant photosyn-

but they will probably continue to be called “traits” by those that use

thetic rates might be highly relevant for investigating community

them, highlighting the need for being explicit in publications.

dynamics, even if not all species within a community of interest have

Finally, it is unlikely that there will be universal acceptance of

variation in the genetic values underlying this trait. We also remove

any one definition. For instance, while morphological, phenological

the mention of required independence of environmental conditions

and physiological traits have been considered valid for over a decade

because while traits should be defined without reference to the en-

(Violle et al., 2007), we also included behavioral and cultural traits as

vironment, trait values (i.e., measurements) generally require refer-

all co-authors agreed that they should be considered traits, an opin-

ences to environmental conditions. The distinction between a trait

ion supported by the majority of ecologists according to our survey.

and a trait value is subtle and this may be the source of confusion re-

Despite the (narrow) majority in the survey who supported “genetic”

ported in the survey. For example, growth rate is the speed at which

traits, in the end, we decided not to include it in our trait definition.

an organism increases its mass/size and reporting of measurements

The genotype/phenotype distinction is broadly used across other

should include the temperature/humidity/resources provided/etc.

disciplines and not incorporating genetic traits keeps our definition

To avoid future confusion, we recommend following Violle et al.

consistent with the classic evolutionary interpretation (Dobzhansky,

(2007) and using “trait value” when referring to measurements (e.g.,

1956). Given the large number of definitions and the broad spectrum

20 cm) and “trait” when referring to the concept (e.g., height).

of applications, finding universally accepted points is impossible.

Readers may have also noticed we have not defined “functional

Indeed, this paper was conceived because the authors have differ-

traits.” Originally, the distinction between “trait” and “functional

ent opinions on the finer points of trait usage, which arose when

trait” was clearer (e.g., McGill et al., 2006; Violle et al., 2007), but

discussing how to apply trait concepts beyond plant organisms.

with time and “buzz-word” status, this seems to have changed. We

One of the central tenets of trait theory is that functional traits

have reviewed the literature and have found that “functional” is often

can bring generalities through use beyond species and across multi-

redundant or used in a superfluous way. We believe that this issue

ple taxa (Kraft et al., 2015; Messier et al., 2010; Shipley et al., 2016);

stems from the attempt to classify functional traits in a binary way,

however, combining trait data can prove difficult when crossing be-

when functionality is rather a continuous variable. For example, it is

tween kingdoms (e.g., plants and fungi) or phyla (e.g., insects and

extremely difficult to demonstrate that any given trait does not have

mammals). While some traits may be taxa-dependent, we believe

a function at some level, under some set of circumstances, either

that it is possible to use traits across multiple organisms using the

individually or by interacting with other traits (Pistón et al., 2019;

definition provided above and carefully selecting more comparable

Sobral, 2021). Effectively, this means that all traits can be functional

traits. Traits that are more closely linked with fitness (e.g., growth

to some degree, so that the “functional trait” is a fuzzy concept.

rates) are the most likely candidates to compare across taxa; how-

Therefore, we suggest that the term “functional” is not used unless

ever, these are “hard” traits which can be very difficult to measure

ecologists are making an explicit connection, for example, testing if

(Paine et al., 2018). Attempting to put disparate organisms in the

X function is connected to Y process by measuring both. Traits mea-

same study may require measuring these harder and more "univer-

sured in any given study should be relevant to organizational level

sal” traits. The type of study will determine which traits are most

or environmental conditions that are the focal point of the study

useful, with studies focusing on one clade or life-form able to use

(Fukami et al., 2005; Messier et al., 2010; Shipley et al., 2016). By

more tailored traits and cross-t axa/clade studies changing perspec-

using “functional” in a more explicit way, that is, only when directly

tive to hard traits.

examining the functional fitness of organisms, it highlights studies
that address a critical but experimentally difficult knowledge gap.

The current disagreement and ambiguity around trait definitions and terminology hampers generalization within trait ecology

Further, "trait" is also a common English term, which will continue

and communication between researchers. We have shown that in

to be applied in other contexts, and trait ecologists should be aware

the research community, there is a lack of consensus surrounding

of this. For instance, "trait" has a generic, common parlance meaning

terms that is not attributable to researcher subdiscipline, area, or

of “a distinguishing quality” or “an inherited characteristic.” There are

geographic location. Furthermore, terms are not defined or properly
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referenced in the literature, adding to the opacity of term use. We
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recognize that universal acceptance of any one definition is unlikely,
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but we hope our simplified definition will help to address some of
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the common issues and provide a framework that can be used to define and work with traits across a much broader range of organisms.
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