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Introduction

The ways living forms develop in the biosphere are the same everywhere: growing and

surviving for an ultimate reproductive success. In this achievement, organisms need to cope

with various environmental constraints, but they have found solutions over evolutionary

time by combining differently life history traits. Studying these adaptation processes has

been in the heart of functional ecology, with a growing research endeavour in the marine

benthos, particularly well suited given its presence in habitats of highly variable spatio-

temporal dynamics. The marine benthos is subject to a particularly appealing research

interest as, next to its diversity of life cycles, it ensures crucial ecosystem functions. This has

led to numerous compilations of biological trait data sets in which very different functional

information can be found. In recent years, trait-based benthic ecology has been strongly

fostered by functional diversity assessments (Weigel et al., 2016; Breine et al., 2018; Llanos

et al., 2020; Murillo et al., 2020; Sutton et al., 2020; Dreujou et al., 2021; Zhulay et al., 2021;

Gusmao et al., 2022; Robinson et al., 2022; Festjens et al., 2023). Nowadays, benthic

ecologists dispose of sophisticated analytical tools that can process various sets of traits to

generate functional diversity indices (FD). However, FD assessments have been done in

various contexts with mixed types of traits, often without specifying the theoretical links

between traits and FD, which brings the meaning of FD subject to debate. In this opinion

piece, I point out important issues regarding FD assessment in the marine benthos in the

context of ecosystem functioning.
A major trait dichotomy

A multiplicity of traits can be described in a species, but as numerous as they are, they

belong to only two types that lead ultimately to only two general questions (Lavorel and

Garnier, 2002). The first type, related to life history, is called “response trait”, referring to

species response and adaptation to environmental constraints by investing energy into

survival at the juvenile or adult stage (Kindsvater et al., 2016). As pure descriptors of
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Darwinian fitness, typical response traits include age at sexual

maturity, life span, reproductive frequency, fecundity and

offspring aspects (type, size and development duration). From a

fundamental perspective, the use of these traits leads to life

strategies as evolutionary convergences resulting from universal

energetic allocation trade-offs, generally three or four, depending on

the considered taxocenosis (Greenslade, 1983; Southwood, 1988;

Kindsvater et al., 2016): stress-resistant and disturbance-resilient

(A- and r-strategists, respectively, both short-lived), and long-lived

to favour adult survival (K-strategists, including “episodic” and

“survivor” types). From an applied perspective, response traits

inform on species ability to withstand a human pressure

mimicking natural stress or disturbance by sorting vulnerable

species (slow-growing, long-lived) from lowly vulnerable ones

(fast-growing, short-lived). However, response traits do not say if

removing a species is detrimental to ecosystem functioning as they

do not directly express ecosystem function (Violle et al., 2007;

Schmera et al., 2016). Rather, they are species properties acquired

over evolutionary time as a result of the optimization of the

fitness components.

The loss of a species is always critical, but the loss of species that

ensure important or rare functions in the ecosystem is even more

critical. Thus, “effect traits” represent the second type of traits that

express species abilities to contribute in various ways to fluxes of

energy and material in the ecosystem (i.e. ecosystem function; Dıáz

and Cabido, 2001) beyond their ultimate reproductive achievement

(Lavorel and Garnier, 2002). Effect traits are particularly prominent

in the marine benthos through ecosystem engineering such as

habitat creation (Ballesteros, 2006) and substratum alteration

(sediment mixing type, bioirrigation, biostabilisation, bioersion;

Pearson, 2001; Kristensen et al., 2012). Traits related to trophic

aspects like feeding type can also account for ecosystem functioning

(Fauchald and Jumars, 1979; Woodin and Jackson, 1979), yet

simple trait modality attribution per species may not relevantly

express complex fluxes of energy and material as food web analysis

does (i.e. species controlling one another).

Hence, this leads to consider a fundamental dichotomy:

response traits as descriptors of species requirements for

reproductive success, and effect traits that express ecosystem

functions as side effects; in simple terms, what species are on the

one hand, and what species do on the other hand. Although a single

trait can express both aspects, its consideration in a data set must be

theoretically justified in order to support its functional significance

(de Bello et al., 2021).
What functional diversity
should express

FD indices have been designed to express trait information in a

synthetic way (Mouillot et al., 2013). They are calculated in the

Euclidean space of trait variables where species are positioned. The

structural properties of a species community can be derived from

the volume that species occupy in the space. The volume itself is a

first index that represents the range of trait variations (“functional

richness”; Cornwell et al., 2006; Villéger et al., 2008). Then, within
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the volume, other indices describe species distributions and related

functional meanings such as aggregation, redundancy or divergence

(Villéger et al., 2008; Mouillot et al., 2013).

Very often, multiple traits are used to ultimately quantify FD,

especially if the aim is to identify areas of conservation interest.

Some indices concisely express the multiplicity of functions of a

community of which a large extent in the trait space should raise

more attention for conservation: range of variation (functional

richness) or, more based on species dissimilarity, Rao’s quadratic

entropy and functional dispersion (Laliberté and Legendre, 2010).

Although this assessment can be laudable from a data analytical

perspective, a given value of FD is not necessarily meaningful in the

absence of theoretical clarification on the type of traits used. The use

of response traits inexorably leads to life strategies so a large FD

means that the community is composed of a mix of resistant/

resilient and vulnerable species whereas a low FD indicates a

homogeneous assemblage of the one or the other type. Hence,

from a conservational perspective, based on response traits, a low

FD can be as critical as a high FD depending on the proportion of

vulnerable species in the assemblage. In contrast, a large FD derived

from effect traits means multiple and non-redundant ecosystem

functions, so the larger the FD, the more critical a species loss,

especially in cases where communities are composed of vulnerable

species (Figure 1).

Of course, these remarks do not deprive FD analyses solely

based on response traits from interest. The combination of indices

expressing community extent, species aggregation and divergence

enables very insightful investigations on species niche and co-

existence in the frameworks of environmental filtering and

limiting similarity (Weiher and Keddy, 1995).
Discussion

Although raised long ago (Lavorel and Garnier, 2002), the

response-effect trait dichotomy does not seem to have been well

assimilated in marine benthic studies, yet it is at the basis of

hypothesis formulation when using traits in community ecology

(de Bello et al., 2021). Whereas many marine trait studies

considered the concept of ecosystem function and functional

diversity, only a few ones focused specifically on effect traits to

quantify more adequately benthic ecosystem functions (Norling

et al., 2007; Hewitt et al., 2008; Lam-Gordillo et al., 2021). In

contrast, the use of response traits or mixes of both response and

effect traits dominates the literature (Beauchard et al., 2017) in spite

of the poor ability of response traits to express ecosystem function.

The striving towards ecological indicator development, more

relevantly addressed with response traits, may have prevented a

more rational knowledge build-up in marine benthic ecology within

the response-effect trait framework. Long ago, evolutionary

convergences of traits responding to environmental forces had

been a major focus in limnology (Statzner et al., 1994; Statzner

et al., 1997; Townsend et al., 1997), which triggered the advent of

trait studies in the marine benthos (Bremner et al., 2003). Until

now, and curiously, this fundamental research aspect has raised

only little interest in marine benthic studies whereas it represents
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the theoretical support of ecological indicator development (Sutton

et al., 2021; Beauchard et al., 2022).

An ultimate issue required to assess ecosystem resistance/

resilience to disturbance is to know which species, among

vulnerable and invulnerable ones, provide the most important

ecosystem functions. It is not intuitive as species evolve to achieve

reproductive success, not ecosystem functions which are contingent

upon ecological opportunities met or not over evolutionary time. As

a consequence, species that ensure important functions, exhibit

variable degrees of vulnerability (Beauchard et al., 2023). From this

perspective, we should not protect species only for what they are in

terms of evolutionary achievement (e.g. slow-growing; Rijnsdorp

et al., 2018), but also for what they do with respect to generating

opportunities for each other. The four theoretical contexts in

Figure 1 illustrate this point and deserve some discussion in the

context of ecosystem functioning, disturbance and recovery. They

represent real cases reported in marine benthic ecology.

(A) Based on response traits, a low FD (i.e. small extent in the

trait space due to low species dissimilarity) necessarily indicates that

the community is composed of species of similar life strategies. A

homogeneous community of resistant/resilient species represents one

of the least ambiguous situations: at worst, its brief absence following

disturbance is not critical to ecosystem functioning as encountered in

wave-disturbed communities (Barry, 1989). However, when most of

the species are vulnerable, their long recovery may deprive the

ecosystem from biomass for a substantial duration. This case could

be questionable if the community would not ensure various
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ecosystem functions, but the nature of the functions also matters.

Coral reefs, although mainly homogeneous habitat builders, are

known to be of major importance for the marine ecosystem.

(B) Vulnerable or not, both communities ensure various functions

(i.e. high species dissimilarity). The vulnerable community represents

an unambiguous situation: when disturbed, its FD strongly declines,

critically affecting ecosystem functioning; deep sea communities,

composed of species that generally exhibit longer life spans, are

typical of this case (Montero-Serra et al., 2018). When composed of

resilient species (e.g. many estuarine communities), a relevant issue

related to disturbance emerges: beyond which disturbance frequency

the temporal removal of functions becomes detrimental to

ecosystem functioning?

(C) A large FD based on response traits is necessarily due to co-

occurring life strategies. Disturbance in this context is questionable

as it entails a loss of species, at least for some time before recovery;

the situation will become likely critical with increasing disturbance

frequency. Such communities can be found in shallow rocky

habitats where resilient (e.g. short-lived crustaceans and

epibionts) and slow-growing species (e.g. mussels, oysters, corals)

whose ecosystem functions are limited to habitat creation co-occur.

(D) A large FD due to different co-occurring strategists ensuring

dissimilar ecosystem functions. Although this situation is more

likely to be encountered with increasing spatial scale (Beauchard

et al., 2022), shallow muddy habitats are potentially typical as they

host both epi- and endobenthic engineering species (Beauchard

et al., 2023). The issues highlighted in the three other cases are
B

C

D

A

FIGURE 1

Conceptual confrontation of benthic functional diversities derived from response traits (horizontally) and effect traits (vertically). From (A-D), each
panel represents one (C, D) or two (A, B) species (letters) communities in a space defined by a synthetic response trait separating resistant or
resilient life strategies (R) from vulnerable (V) ones (horizontally) and a synthetic effect trait positioning species according to their ecosystem
functions (vertically). What matters is that the surface area (ellipse size) of the community represents the extent of functional diversity from a species
dissimilarity point of view. Colours indicate if species removal following disturbance could be critical for ecosystem functioning. The figure questions
where research efforts should be put from a perspective of ecosystem functioning preservation. Note that these variations are independent of
species richness (10 species in every case), as underlined by Cadotte et al. (2011).
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combined: loss of vulnerable species (A) that ensure dissimilar

ecosystem functions (B) and of which the removal can be critical

depending on disturbance frequency (B and C).

Through this simplified confrontation of response versus effect

trait-based FD, we can see that FD may be critical in most of cases

from a perspective of ecosystem function and service preservation.

This does not call into question the relevance of FD assessment for

this purpose, on the contrary, this bolsters it in showing that a

theoretically-sound manipulation of traits can bring a clear

mechanistic understanding of complex FD patterns.

In conclusion, the use of traits without theoretical considerations

risks to drive the concept of FD to become devoid of meaning. The

consequences can be critical from a perspective of ecosystem

functioning preservation in case of irrelevant trait selection to

characterise ecosystem functions. It is conspicuous that assessing

FD solely from response traits or mixed with effect ones returns a

blurred image of ecosystem functions. At least, the dual use of both

types of traits in any analytical exercise should preliminarily proceed

by separate analyses to disentangle life strategies from ecosystem

functions. By this way, management efforts could be ensured by

coherent combinations of vulnerability (what species are) and

functions (what species do). Hence, the remarks in this paper

advocate for (1) strengthening the theoretical bases of life history in

marine benthic synecology, (2) more relevant uses of traits regarding

the life strategy-ecosystem function dichotomy and (3) more

adequate uses of both response and effect traits for meaningful

FD assessments that better take account for critical aspects of

ecosystem functioning.
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