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Hagan et al., 2021 — We shouldn’t necessarily expect a positive
relationship between biodiversity and ecosystem functioning in
observational field data

Premise: Controlled experiments show positive relationship between biodiversity and
ecosystem function (BEF), whereas observational data shows variable relations. Hagan et al.
re-analyse observational datasets and argue that it’s hard to interpret them, because biotic
interactions filter species during community assembly. We might be seeing the effects of
large biodiversity of the species pool, even while the local community composition is poor.

Summary

1. Introduction
a. Experiments have shown biodiversity is important for ecosystem function, but
it has been hard to identify the mechanisms (species composition, niche
partitioning etc), and often they covary and feedback on each other.
b. Consensus: BEF is a positive and saturating relationship at the local scale for
a number of different taxa and habitats.
2. Applying BEF research to observational field data
a. Local species numbers are not declining with the same ubiquity of
regional/global scale species diversity. Local community composition has
been changing, but no systemic decrease in species diversity at the local scale.
b. Analysis of observational field data will tell us if local BEF experiments can be
generalised to larger scales with more heterogeneity and trophic levels.
Negative and unimodal BEF curves are very common results of field data
analysis, possibly because they don’t control for variability in environmental
conditions.
3. Realised diversity should not necessarily correlate positively with ecosystem function
in observational data
a. Implicit assumption while analysing field data — number of species at present
time (realised diversity) is the driver of ecosystem functioning.
b. BEF experiments manipulate initial species diversity and this can influence
ecosystem function through two methods —

i. Complementarity effects: when CE are high, many species can co-exist
and contribute to ecosystem function by portioning resources locally
or through time i.e., niche partitioning

ii. Selection effects: Portfolio effect i.e., having initial high diversity
increases the chance of including the ‘most productive species’ in the
community pool/realised density. When SE is strong, the most
productive species outcompete other species and become very
abundant.

c. Through these effects, high initial diversity can increase ecosystem function
when realised diversity is low or high. But in both cases, initial high diversity
is very important i.e., initial biodiversity and ecosystem function has a
positive relationship and this has been established by BEF metanalyses. But
the relationship between realised biodiversity and ecosystem function can be
positive, neutral or negative, as shown by a model (2a) re-analysis of several
studies (Jena experiment (2b) and BIODEPTH)
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d. Field data can show positive BEF when complementary effects are high, which
means realised diversity is directly correlated to initial diversity.

e. Ifonly realised diversity data is available, positive effects of initial diversity
may not be observed.

f. Several models also predict positive realised BEF only for certain range of
parameters. So, we shouldn’t expect to see positive relation from field data.

4. The Local Species Pool Concept — an analogue of initial species diversity for field data

a. Local species pool of a habitat patch can be defined as the subset of the
regional species pool that can (1) tolerate the local conditions, and (2) be
expected to disperse into the habitat patch over ecologically relevant
timescales

b. Local species pool can be a proxy for Initial diversity, and can help us link
BEF theory to field data.

c. Initial diversity and local species pool are not independent. In experiments,
they are strongly correlated, but empirically, their relation can be quite
variable. A meta-analysis found that 30% studies show no relation between
initial diversity and local species pool.

d. Realised diversity correlates strongly with local species pool diversity when —

i. Patches have large enough spatial extent that there is variation
between patches in their local species pool
ii. processes like disturbance which enhance the colonisation success of
dispersing species have been shown to make realised diversity more
similar to local species pool diversity
iii. Factors that promote species coexistence (like heterogeneity and
spatial grain) increase correlation and makes BEF relation positive

e. Given that we don’t know local species pool or its relation with realised
diversity in field studies, and that local species pool might not be variable
among patches, we don’t get to see a clear positive BEF relationship from
observational field studies.

f. They reanalysed a meta-analysis paper and saw that proportion of positive,
negative and neutral studies varied with the scale of the study.



g. Doubt — does this mean effects of diversity doesn’t show at landscape level, or
that diversity does not impact ecosystem function at landscape level as much?
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5. Correlating realised diversity with ecosystem function might underestimate the
importance of biodiversity

a. BEF theory does NOT predict realised diversity to correlate positively with
ecosystem function, so no surprise when it doesn’t.

b. Even though there is no decline in local species diversity, biodiversity loss at
regional level prevents local ecosystems from receiving a diverse set of
colonists, which in turn affects ecosystem function.

6. Applying BEF theory to field data: Future directions

a. To test BEF theory using field data, plot ecosystem function against local
species pool, not realised diversity

b. If we want to predict how anthropogenic change will affect ecosystem
functioning, we need to understand how different pathways of change in
species diversity and composition affect ecosystem functioning in response to
different drivers

c. Islands are a good model system (with limited, well-defined local species
pool) on which to test BEF through observational data.

d. Estimate local species pool of patches where observational data has been
collected.

e. In order to understand the effects of anthropogenic change —

i. First characterize how species diversity and composition are changing
in local communities through time
ii. Then we need to understand how the observed changes will affect
ecosystem function in specific taxa and habitats
7. BEF relationship with realised diversity is determined by the environment, species
traits and species interactions at a variety of scales.



Westoby et al., 2002 — Plant ecological strategies: Some leading
dimensions of Variation between Species

Barua said — “This review summarizes work that formed the basis for a lot of plant trait-
based ecology that followed. Keep in mind that this was 20 years ago! Focus on the leaf traits
and leaf economic theory parts. These form a good introduction for the next paper on the leaf
economic spectrum. Understand the seed mass-seed output trade-offs sections, and the
importance of plant height.”

Outline of the paper: Looong Introduction; Leaf mass per area-Leaf lifespan trade-off; Leaf
size-Twig size spectrum; Seed mass-Seed output; Potential Canopy Height; Conclusions and
outlook. [T have only focused on the underlined sections]

Introduction

1. This review discusses four major dimensions of variation across vascular land plant
species. The dimensions affect ecological strategy, that is, the manner in which
species secure carbon profit during vegetative growth and ensure gene transmission
into the future.

2. Several ecological strategies have been defined before. One of the major ones that
didn’t work out so well was the CSR (competitors, stress-tolerators, ruderals)
strategy, which focuses on ability to cope with stresses, and adapt to slow vs fast
growth rates.

3. Criteria for ranking a dimension of variation — ecological significance, spread and
consistency, practicality for literature synthesis (easily quantifiable)

4. Types of correlations between traits —

a. Physical trade-offs — seed mass and number, leaf lifespan and mass per area

b. Favoured by available niches — Habitats with tall stem might also select for
larger seed mass. Looser correlation than physical trade-off

c. Evolutionary divergence of traits — certain trait combinations persist in a
lineage

Leaf Mass per Area (LMA) and Leaf Lifespan (LL)

1. Species with longer Leaf lifespan have higher LMA, which means they have thicker
laminas, protruding veins, and higher tissue density — structural strength which is
important for longevity.

2. Higher LMA protects against wear and tear and also deters herbivory. Species with
lower leaf turnover should spend more of defence against herbivory. (What if they
have lower turnover because they’re defensive?)

1000
SMA slope = 1.73 (95% CI 1.58, 1.89)

=0.56
n=218

100

Leaf lifespan (months) [log scale]

Leaf Mass per Area (g m™) [log scale]



3. Leaf economics and theory of leaf lifespan
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Figure 2 Essentials of existing theory for leaf lifespan (Kikuzawa 1995). Curve
shows cumulative dry-mass return from a unit leaf area, net of costs of leaf respiration
and of root and stem activity to support the leaf’s photosynthesis. Curve is initially
negative owing to construction costs (leaf mass per area), then increases through a
leaf’s lifetime. Payback time for the investment is at A. Net dry-mass return per time
per leaf area is the slope of a line from the origin to the curve. It is maximized at the
lifespan B. This optimum at B, and also payback time A, shift to longer lifespan if
the cumulative dry-mass gain curve is shallower (slow-revenue environments) or if the
initial investment is greater (higher leaf mass per area). At C, approximately, the leaf
1s no longer returning net dry-mass revenue.

4. Replacing an old leaf with a new leaf becomes justified when the current return on an
old leaf falls below the expected rate of return averaged over the life of a new leaf
(point B).

5. In species with higher LMA the curve starts more negative, and similarly points A
and B are both shifted to longer lifespan.

6. Leaves with lower LMA have —

a. Higher photosynthetic capacity per unit mass
b. Higher leaf Nitrogen concentrations (reflects the conc of rubisco etc)
c. Shorter diffusion path from stomata to chloroplasts

7. The variation of LMA and LL is 3 to 50-fold in coexisting plants. Why do we see such
a wide variation?

8. Advantages of low LMA - high photosynthetic capacity, and generally faster turnover
of plant parts permit flexible response to the spatial patchiness of light and soil
resources, giving short-term advantages over high-LMA species.

9. High LMA-LL species have longer-term advantages. Longer mean residence time of
nutrients permits a progressively greater share of nitrogen pools in a habitat to be
sequestered; slow leaf litter prevents fast growing competitors to colonise the area.



These species tend to accumulate greater total leaf mass and larger overall leaf area,
so their productivity is similar to or higher than low LMA plants.

10. The slope of LL and LMA is steeper than 1 i.e., more increase in lifespan for one unit
of LMA. Why isn’t there a selection towards high LMA only? — leaves have to be shed
at some time, high LMA trees get shaded by their canopy leaves, there is also
herbivory and other wear and tear, which is more costly for high LMA.

LMA-LL Trade-off in different environments

1. High LMA is a cost to the plant. Long LL requires high LMA because of the physical
constraints, the leaf has to be engineered to withstand wear and tear, which is only
possible by increasing LMA.

2. LMA required for some LL would depend on two factors —

a. the wear and tear on a leaf might be more severe in some environments than
others.

b. leaf tissue might be softer in some environments than others, such that a
greater lamina depth is required to achieve a given overall structural strength.
Low precipitation requires more LMA to increase LL as compared to high
precipitation area.

3. Shaded understory species (low wind, high humidity, low risk of wilting) have longer
LL at lower LMA as compared to well-lit species. The same is true for sun leaves and
shade leaves. So, it’s not one LMA-LL relationship, rather based on the environment,
the curve can shift

Shift towards
lower soil P

Shift
towards
lower

rainfall

Leaf lifespan [log scale]

Leaf mass per area [log scale]

Conclusion

These three dimensions of variation capture important generalities about how plant species
make a living. They can be measured relatively easily, which is important if they are to serve
for coordinating information worldwide.



Toussaint et al., 2016 — Global functional diversity of freshwater fish is
concentrated in the Neotropics while functional vulnerability is
widespread

Premise: Biodiversity measurements usually only focus on taxonomic component of

biodiversity and not functional diversity (which is a measure of the range of functions carried
out by organisms).

Methods:

1. They assess 10 morphological traits (proxy for functional traits of food acquisition
and locomotion) of 9,170 species across 6 biogeographic ranges.

2. Functional diversity (FD) is calculated as the volume filled by the species in a
multidimensional space defined by morphological traits.

3. Functional uniqueness of each order of fish (Funiq) is defined as the proportional of
functional space that is only occupied by that order.

4. Functional vulnerability (Fvwu) is defined as the proportion of space occupied by
species that are on IUCN’s threatened or endangered list and endemic species that
occupy single river basin.

Results:

1. Neotropics host more than 75% of world fish FD
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a. There is a shared functional core across all realms.
b. Noetropics have 75%+ FD, and the next highest realms have about 17-20%
each. Neotropics taxonomic diversity (TD) is 2x, whereas FD is 4x.
c. Neotropical fauna has a significantly larger FD than expected from its TD,
while the same is not true for other realms
2. Differences in FDs are driven by Funiq of a few fish taxa
a. Neotropics has more uniquely shaped fish than other realms, especially
because of one order (Siluriforms)
3. Functional vulnerability is highest in Palearctic and Nearctic ‘despite’ (maybe it
should be ‘because’) of their low functional diversity [Figure 4]
a. Neotropics face the largest taxonomic vulnerability, but low functional
vulnerability probably because of the functional redundancy



b. Conservation efforts should focus more on Palearctic and Nearctic
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Critique

Could have also measured functional redundancy (from Mouillot et al.) to see if it is
correlated to functional vulnerability.



Alexander et al., 2015 — Novel Competitors shape Species’ Response to
Climate change

Premise: The direct effects of climate change on physiology and demographics have been
well studied and established. The paper tries to study the indirect effects of climate change —

by studying its effects on community composition and in turn, how it would affect biotic
interactions of a species.

Methods: Transplant communities across elevation gradients in Swiss Alps — 1,400m,
2,000m and 2,600m.

1. The focal species could fail to track climate change such that its temperature would
increase in the future. In which case, it’s neighbours could be a) its current
competitors or b) novel competitors from lower elevation that have tracked the
temperature. If the species manages to track climate change and migrate up the
elevation gradient, then its competitors could still be — ¢) its current competitors that
have tracked climate along the focal species or d) novel competitors from higher
elevation that have failed to track the temperature. [Figure 1]

2. While transplanting communities, they controlled for soil composition, herbivory
rates, soil biota, and confirmed that novel competitors were the main reason for the
difference in biomass observed.

3. They also measured functional traits of 61 species
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Results

When the species fails to track climate change, it does significantly worse when it has to
compete with novel competitors (from lower elevation) as compared to its current
competitors. When it tracks climate change and moves up the elevation gradient, the
competitors (current vs novel) don’t have a significant effect on probability of survival,
biomass or probability of flowering [Figure 2a, 2b, 2c].



Focal species under warmer climate Focal species under current climate

(as if failing to track climate) (as if tracking climate warming)
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Similar results are shown by In(response ratio) where response ratio = biomass with
competitors/biomass without competitors. [Figure 4]
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Through PCA analysis of 5 functional traits, they found that low elevation plants are
functionally dissimilar to mid- and high-elevation plants, which are similar to each other. So,
competition becomes an factor when the focal species cannot track climate change.

Critique

Overall nice paper, good controls. They dug up plots of land and transplanted it across
altitude using helicopters => hard to replicate the results in an experimental study. Can’t
think of anything more; let me know if you do.



