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Biodiversity loss can have important consequences for ecosystem functions, as exemplified by a large

body of literature spanning at least three decades [1–3]. While connections between species diversity and

ecosystem functions are now well-defined and understood, the importance of diversity within species is more

elusive. Despite a surge in theoretical work on how intraspecific diversity can affect coexistence in simple

community types [4,5], not much is known about how intraspecific diversity drives ecosystem processes in

more complex community types. One particular challenge is that intraspecific diversity can be expressed as

observable variation of functional traits, or instead subsist as genetic variation of which the consequences for

ecosystem processes are harder to grasp. Raffard *et al.* [6] examined how intraspecific biodiversity loss in a

consumer fish changes species diversity at lower trophic levels and ecosystem processes in pond mesocosms.

An interesting feature of this experiment is that it crosses functional and genetic intraspecific diversity. To do

so, Raffard and colleagues measured and genotyped European minnow (*P. phoxinus*) individuals sampled

from streams across southern France. Combining these collected specimens into experimental ponds allowed

them to control functional (population variance of body size) and genetic intraspecific richness (number of

genotypes). Effects on minnow biomass production were mostly small; biomass was significantly reduced

only when lowering both functional and genetic richness. However, the consequences for lower trophic levels

(zooplankton and macroinvertebrates) were more pronounced and – importantly – not intuitive. For instance,

the macroinvertebrate community was less species-diverse at higher minnow functional richness. If minnows

with different body sizes would be the main regulator factors [7] explaining macroinvertebrate interactions,
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one would expect a more diverse set of minnow body sizes (i.e. higher functional minnow richness) to permit

higher instead of lower macroinvertebrate richness. At the same time, the macroinvertebrate community was

more species-diverse at higher minnow genotype richness, which could indicate unobserved minnow traits

determining macroinvertebrate diversity more than the usual suspects (functional consumer richness). Such

unobserved traits could be behavioral traits, allowing for resource partitioning among fish. The consequences

of functional minnow diversity loss on zooplankton diversity were negative, as expected in case body size

differences among fish would facilitate coexistence of their zooplankton prey, as explained above. However,

this was only the case when genetic diversity was high, suggesting nonstraightforward interactive effects of

observed and non-observed traits on prey diversity. The effects of functional and genetic minnow diversity loss

on invertebrate (macroinvertebrates and zooplankton) abundance were more consistent than for invertebrate

diversity. This suggests again nonstraightforward relationships in this experimental ecosystem, but now

between invertebrate diversity and abundance. When using abundance as a proxy for an ecosystem process

(which the authors did not), this result illustrates that biodiversity loss in multitrophic communities can have

consequences that are challenging to interpret, let alone predict [8,9]. Path analyses showed how the observed

changes of invertebrate diversity and abundance co-determined decomposition, a key ecosystem function.

These path analyses had highest explanatory power show when including both kinds of intraspecific diversity.

Taken together, the results by Raffard and colleagues suggest that genetic consumer richness can drive species

diversity of connected trophic levels and ecosystem processes with similar magnitude as functional diversity.

Indeed, the effects of genetic consumer richness were shown to be so strong as to compensate or exacerbate

the loss of observed functional richness. The exact mechanisms explaining these effects remain to be identified,

however. The possibility that fish grazing by fish with different (observed or not observed) traits regulates

coexistence among invertebrate prey, for instance, would depend on how strong fish consumption feeds back

on prey growth during a 30-week experiment. As the authors indicate, detailed studies on resource partitioning

among consumers (e.g. using stable isotope labelling) can shed light on these matters. Doing so may address a

more fundamental question, which is if the mechanisms linking intraspecific diversity to function are different

from those linking interspecific diversity to function, and at what time scales.
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Reviews

Evaluation round #2

Reviewed by Andrew Barnes, 03 November 2020

On a second reading, I am reminded that this is a very impressive, novel, and elegant experimental study

that highlights some very exciting patterns around the influence of genetic diversity on ecosystem functioning

in multitrophic systems! I am impressed with the careful revision by the authors and feel they have done a

fantastic job of addressing almost all points. The only remaining issue I see is around the effect size display in

the path models.

It is certainly a challenge to present results for paths from categorical variables, such as genotypic and

functional richness in this study. However, I think that weighting based on p-values is highly problematic and

misleading, as path width typically infers something about effect size (not statistical significance), for which

p-values should be avoided. One possibility could be to use something like Cohen’s f2, as this would give the

partial effect where you have multiple predictors. I haven’t used this myself, so this might require some more

investigation. However, an alternative would be to simply avoid weighting the paths altogether (which would

be far preferable to weighting by p-value), and simply refer to reported statistics in table 1. In combination

with Figure S5, this should give enough information about the relative importance of the different variables,

and would give a much more honest presentation of effects in the path models. The only other addition I can

think of that could support interpretation would be r-squared values (or pseudo r-squared for mixed effects

models) for each response variable, to indicate how well the predictor sets explain variance in each response. I

hope this is of some help and look forward to seeing the revised paper!

Evaluation round #1
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Authors’ reply, 09 October 2020

Download author’s reply

Decision by Frederik De Laender, posted 12 August 2020

Both reviewers acknowledge that the contribution is novel and potentially of interest to a broad range of

ecologists. One reviewer suggests adding reflections on other traits than body size. The other reviewer is more

critical and lists a number of methodological concerns.

Additional requirements of the managing board:

As indicated in the ’How does it work?’ section and in the code of conduct, please make sure that:

-Data are available to readers, either in the text or through an open data repository such as Zenodo (free),

Dryad or some other institutional repository. Data must be reusable, thus metadata or accompanying text

must carefully describe the data.

-Details on quantitative analyses (e.g., data treatment and statistical scripts in R, bioinformatic pipeline scripts,

etc.) and details concerning simulations (scripts, codes) are available to readers in the text, as appendices, or

through an open data repository, such as Zenodo, Dryad or some other institutional repository. The scripts or

codes must be carefully described so that they can be reused.

-Details on experimental procedures are available to readers in the text or as appendices.

-Authors have no financial conflict of interest relating to the article. The article must contain a ”Conflict of

interest disclosure” paragraph before the reference section containing this sentence: ”The authors of this

preprint declare that they have no financial conflict of interest with the content of this article.” If appropriate,

this disclosure may be completed by a sentence indicating that some of the authors are PCI recommenders:

“XXX is one of the PCI XXX recommenders.”

Reviewed by Andrew Barnes, 24 July 2020

Download the review

Reviewed by Jes Hines, 15 July 2020

A few decades of experiments have shown that, all other things being equal, communities with lower species

diversity often have reduced ecosystem functioning and stability. Therefore, conserving and restoring species

diversity is often touted as a key priority for science policy programs. However, the implications of these

“biodiversity-ecosystem function” (BEF) experiments have been controversial because species do not go extinct

randomly, and also because ecological stressors placed on populations may have strong consequences for

ecosystem function that precede species extinction. For example, threatened species often have small or

declining populations with low population genetic diversity and high inbreeding. Yet, there has been far less

investigation into the ecosystem consequences of these declines.

Raffard et al present an elegant experiment where they test the consequences of changes in genotypic

and functional diversity of a fish, Phoxinus phoxinus, on biodiversity and ecosystem functioning of fish and

adjacent trophic levels. They make two important contribution to biodiversity-ecosystem functioning (BEF)

literature. First, the authors seek to understand whether genetic diversity is a better proxy for differences

in phenotypic expression of complementary but potentially unmeasured functional traits (e.g. body size), or

whether measures of functional diversity are sufficient to capture effects of consumer variation on ecosystem

functioning. Second, they use fish as their model organism. In a literature dominated by experiments reporting

manipulation of plants, it is refreshing to see the ecosystem effects of a changes in larger consumer species

also being documented.

They found that fish diversity consistently influenced ecosystem functioning by altering benthic invertebrate

diversity, and also by altering zooplankton diversity but only when functional diversity was high. The experiment
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is carefully conceived and the treatments are well justified using several combinations of fish from wild

populations with previously determined genotypic differences. The observed effects are likely robust as the

experimental mesocosms were stocked with zooplankton and algae and natural colonization of invertebrates

was also allowed. The natural colonization added an extra component of realism and stochasticity that is often

missing from highly controlled experiments.

My only minor concern about the manuscript is that cryptic phenotypic diversity is emphasized as a mech-

anism underlying genotypic diversity. While I don’t doubt this is true, it seems that there should be several

more functional traits that could be easily measured in addition to body size, which is the trait predominately

emphasized in the text. It would be helpful to give some concrete examples of other traits, even if they are

not explicitly measured in this experiment. Otherwise, discussion of the term cryptic diversity may seem

unnecessarily vague.

The following comments are made only to show that my lack of major criticisms is not due to lack of reading

the manuscript. The rationale for the experiment is well defined and well-justified within the scope of broader

literature. The methods are informative. The statistical analyses are appropriate and clearly described. All

tables and figures are useful and carefully prepared. The discussion thoughtfully evaluates the results. Relevant

literature is cited discerningly.

Minor comments Line 335 typo: extend not extent Line 337 typo sustain(s)
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