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Functional redundancy is increasingly being considered in
ecological studies as a key component of biodiversity, potentially
associated with the ability of ecosystems to buffer environmental
perturbations. The recent paper by Eisenhauer et al.! (hereafter
“E23"), however, raises some concerns about the ecological
relevance of redundancy and its potential misuses. E23' suggests
overall, that the concept is problematic because (1) the effects of
functional redundancy are questionable, (2) the use of this term is
potentially “dangerous” by implying that species are expendable,
and (3) that the term “functional similarity” is preferable. While we
agree that functional redundancy remains conceptually and
quantitatively puzzling, we here propose clarifying various aspects
of this interesting discussion to show that functional redundancy
can reflect a fundamental dimension of biodiversity, beyond
functional similarity.

We clearly agree with E23' that the concept of functional
redundancy bears a certain complexity, with multiple and
sometimes contrasting interpretations. E23' go one step further
and questions the existence of redundancy, arguing that complete
redundancy is incompatible with coexistence, citing Loreau?.
However, a widespread view considers that redundancy is
possible when species are similar in some features but dissimilar
in others3. For instance, a similarity across species’ ecosystem
effects is possible together with a dissimilarity in their environ-
mental preferences®. Such redundancy can allow both coexistence
and stability in ecosystem functioning®.

A hypothetical example (Fig. 1) can be illustrated in meadows,
which are often composed of grasses and nitrogen-fixing species,
with nitrogen-fixing being an “effect trait” (sensu Pillar et al.?)
affecting soil fertility and plant productivity, and nitrogen fixers
being a “effect group”. The loss, or decrease, of nitrogen-fixing
species, for example, due to environmental perturbations, can be
partially compensated by the presence of other nitrogen fixers,
that are more tolerant to perturbation (Fig. 1c). This effect is
generally defined as an insurance, or compensatory mechanism?,
a key aspect for resistance and recovery after environmental
perturbations. This effect would be impossible if there was only
one nitrogen-fixing species (Fig. 1a) or if there were several
nitrogen fixers with exactly the same response, or sensitivity, to
perturbations (Fig. 1b). Clearly the presence of multiple species
within each effect group increases the likelihood that they do not
share the same sensitivity to perturbations. Although communities
“(a)" and “(b)” would have, prior to perturbation, the same
functional dissimilarity in terms of ecosystem effects (expressed,
for example, through common indices for functional diversity like
Rao or Functional dispersion®), clearly, community “(b)” has a
higher likelihood of having more stable ecosystem functioning
due to having more species per effect group. As such, similarity
alone is not a sufficient indicator of stability, and both similarity

and species diversity need to be accounted for. These two indices
together are used to estimate redundancy®’. Moreover, the
potential for insurance mechanisms should increase when species
have similar effect traits but different sensitivity to perturbations
(i.e., different response traits, defined as traits responsible for
adaptations to abiotic and biotic conditions, for example root
depth underlying the ability to use different water resources
during drought). In this sense, an important component of
functional redundancy is, paradoxically, the “uniqueness” of
species® (Fig. 1c) being a prerequisite for its ecological effects.
Ecosystem stability should, thus, be maximized when species
similar in some traits are dissimilar in others.

As another point, E23! mentions long-term
biodiversity-ecosystem function (B-EF) experiments as proof of
the limitation of redundancy and its effects. Redundancy effects
are often demonstrated by non-linearities in B-EF relationships.
After a certain level of species diversity, a plateau is reached at
which the ecosystem function does not increase with diversity. At
this point, the species are considered redundant. E23" notes that
this plateau might disappear over time, and this could mean an
absence of redundancy. It is important to recall that such
experiments consist of a gradient of sown diversity across
communities, which are likely not very realistic proxies for species
loss® and not great examples of stable “established” natural
communities'®. The biodiversity levels should be actively main-
tained via weeding''. Also, the natural decrease of species
richness with time across plots, typical in these experiments, can
produce bigger effects in poorer plots, exaggerating the
differences, and effects, of species diversity and functional
diversity across plots. The loss of species probably also increases
the risk of lower insurance in the face of stronger perturbations,
generally not considered in these long-term experiments'2,

Most importantly, the mechanisms by which the plateau
disappears and biodiversity effects get stronger over time in
B-EF experiments'® merits careful discussion. The increasing effect
of biodiversity on productivity over time, for example, as
demonstrated by Wagg et al.’® cited by E23, happens through
the asynchrony in species’ temporal fluctuations (where the
decrease of a species with certain effects on the ecosystem is
compensated by the increase of another). It should be noted that
the fact that asynchrony is maximizing stability in productivity
actually endorses the existence of redundancy. The effect of
asynchrony on stability implies that species with similar functions
(effect traits) supplant each other following environmental
fluctuations because of their different response traits, which
supports redundancy effects®'* (Fig. 1). While we agree with E23'
that the spatio-temporal complexity of asynchrony should not be
neglected, we also highlight that it should not be taken as a proof
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Fig. 1

Scheme representing the role of functional redundancy on insuring ecosystem functioning after a perturbation. Here hypothetical

abundances of plant species (Sp1-7) within three plant communities (a-c) are represented before and after a drought. Each species has a
specific environmental requirement (represented by the level of drought tolerance) and will respond to the filter (drought) accordingly. Species
might also provide a function (represented by the ability of nitrogen fixation, “N fix"). The three communities have the same dissimilarity,
expressed as functional diversity (FD), in terms of their effects on the ecosystem. A hypothetical drought disturbance occurs for all three cases,
leading to the filtering of the initial community species. In the “after drought” state, only drought-tolerant species survive. In cases (a) and (b)
the nitrogen-fixing function is lost because of a lack of insurance mechanism provided by functional redundancy. See text for more details.

of the lack of redundancy, but rather as an opportunity to assess
the role of redundancy on stability.

We clearly agree with E23" that we still cannot count on a
reliable and simple way to estimate redundancy directly. Recent
years have seen a proliferation of methods advancing on the
matter>®, However, existing indices might not yet cover the
complexity of functional redundancy®. The estimation of functional
redundancy, therefore, clearly remains an open matter, requiring
similarity in effect traits but also dissimilarity in environmental
preferences (Fig. 1). As E23" noted, it is often not an easy task to
distinguish response and effect traits, although environmental
preferences are known for many species. Sometimes functional
redundancy is approached by estimating the number of species
with similar effects on the ecosystem, or the degree of dissimilarity
between them'. While useful, with this approach it is often
unrealistic to define groups of species with similar effects on the
ecosystem without proper testing. It is also true, as pointed by
E23", that the more ecosystem functions considered (multi-
functionality), the lower the likelihood that the same trait
maximizes all functions. At the same time, the greater correlation
between ecosystem functions (which is often non-negligible), the
more redundancy effects could become clear'®. This provides a set
of testable hypotheses which remain to be explored consistently
and do not invalidate a priori the existence of redundancy effects,
but their potential weakening in some contexts.

In this context, while understanding that the difficulty in
estimating functional redundancy might cause some researchers
to consider its use impractical, in our view, this calls for more effort
in its assessment, rather than dismissing it. Arguably, “functional
similarity” is not sufficiently precise, as communities with the same
functional diversity (e.g., the amount of functional dissimilarity
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among individuals) can vary in their potential regarding insurance
mechanisms (i.e, all communities in Fig. 1 have the same
dissimilarity in effect traits prior to perturbation). Recent works
have attempted to decompose species diversity, functional
diversity, and functional redundancy into independent compo-
nents®, which seems a promising way ahead.

One of the bigger concerns raised by E23' is that the term
“redundancy” might have a negative connotation in communica-
tion and outreach, giving the idea that part of species diversity is
expendable. This argument has been discussed in the past by
Ehrlich and Walker'” who stated that this idea comes from a
misinterpretation of redundancy effects described by Walker'®. On
the contrary, endorsing redundancy can be useful, as it reflects the
idea that species diversity should be maximized to increase
stability®. Redundancy is a broadly established term in other areas,
such as engineering, where structural redundancy ensures the
reliability of systems'® and it is generally an appreciated (and
necessary) feature. Redundancy does not connote, in this sense,
the existence of “expendable” structures, but rather that multiple
protection measures increase safety. As in other areas, in
biodiversity, redundancy should be taken as a promoter of
safeness in ecosystems and this notion should be reinforced for
broader audiences. For example, the IPBES lists “functional
redundancy” in its global assessment, highlighting the insurance
it provides (https://www.ipbes.net/node/41195). Thus, it is our role
as specialists to avoid misinterpretations but also enable this
component of biodiversity to be fully understood.
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