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Disentangling the Drivers of p
Diversity Along Latitudinal and
Elevational Gradients

Nathan ]. B. Kraft,?* Liza S. Comita,>* Jonathan M. Chase,® Nathan ]. Sanders,®”’

Nathan G. Swenson,® Thomas O. Crist,’ James C. Ste!gen,m’11 Mark Vellend,**? Brad Boyle,13
Marti J. Anderson,** Howard V. Cornell,*® Kendi F. Davies,*® Amy L. Freestone,*’

Brian D. Inouye,'® Susan P. Harrison,® Jonathan A. Myers®

Understanding spatial variation in biodiversity along environmental gradients is a central theme in
ecology. Differences in species compositional turnover among sites (B diversity) occurring along
gradients are often used to infer variation in the processes structuring communities. Here, we show
that sampling alone predicts changes in 3 diversity caused simply by changes in the sizes of species
pools. For example, forest inventories sampled along latitudinal and elevational gradients show the
well-documented pattern that B diversity is higher in the tropics and at low elevations. However,
after correcting for variation in pooled species richness (y diversity), these differences in {3 diversity
disappear. Therefore, there is no need to invoke differences in the mechanisms of community
assembly in temperate versus tropical systems to explain these global-scale patterns of {3 diversity.

documented patterns in ecology are that  ficult to distinguish because multiple processes
species richness in local communities gen-  operating at multiple scales may govern geo-
erally declines with increasing latitude and ele-  graphic variation in diversity (3). For example,
vation, such that the diversity of many clades  declines in diversity with elevation and latitude
peaks in lowland, tropical areas (/, 2). The mech-  could result from deterministic community

Somc of the most striking and frequently — anisms underlying these gradients are often dif-
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Comment on “Disentangling the
Drivers of 3 Diversity Along Latitudinal
and Elevational Gradients”

Hanna Tuomisto* and Kalle Ruokolainen

Undersampling

Kraft et al. (Report, 23 September 2011, p. 1755) argued that the latitudinal trend in B diversity
is spurious and just reflects a trend in y diversity. Their results depend on the idiosyncrasies of

their data, especially the latitudinally varying degree of undersampling and a local sampling setup
that is not suitable for analyzing drivers of B diversity.
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raft et al. (1) started with the premise
that trends in B diversity are indicative of

First, the value of B diversity in a data set can
be indicative of species responses to environ-
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Fig. 1. The dependency of o and y diversity (A), p diversity (B) and proportional
species turnover (C) on species pool size and within-subunit number of in-
dividuals in 10-subunit data sets. Each color corresponds to a different species
poal size: red, 10 species; blue, 50 species; orange, 250 spedies; black, 1250
species. Each line shows the mean of 1000 replicates where 10 subunits of either
10, 50, 250, 1250, or 6250 individuals were randomly drawn from a log-normal
species-abundance distribution. In (A), the lower line for a given species pool size
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shows « diversity and the upper line, v diversity. With a sufficiently large number
of individuals, @ and y converge; all subunits were drawn from the same species
pool, so any compositional differences among them are caused by under-
sampling. In (B), the factor by which y exceeds a (By = y/a) decreases with the
increasing number of individuals sampled. In (C), the proportion of species in the
entire set of 10 subunits that does not fit within a single subunit (Bp = 1 — a/fy)
decreases with increasing number of individuals sampled.




Comparison of terminology

Richness/unseen species Species pool/dark
concept diversity concept
(Gotelli, Colwell, Chao etc.) (Zobel, Pértel etc.)
individual based species based
community richness species pool

species richness (of

sample) alpha diversity

unseen species dark diversity

some species are more
abundant than others
-> ?
species-abundance
distribution




Communities vs samples (e.g. vegetation plots)

Map of Potential Natural
vegetation in Podyji/Thayatal
National Park (Chytry 2000)
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community richness = 5 species

Effect of undersampling
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I Mesic beech forest (Galio odorati-Fagetum
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Piceetum abietis Schliiter 1966)

Il Lowland floodplain forest (Fraxino pannonicae-
Ulmetum glabrae Aszéd 1935 corr. So6 1963)

IV Acidophilous thermophilous oak forest (Sorbo
torminalis-Quercetum Svoboda ex Blazkova 1962)

V Basiphilous thermophilous oak forest (Euphorbio-Quercetum
Knapp ex Hiibl 1959)

VI Oak-hornbeam forest (Primulo veris-Carpinetum betuli Neuhausl|
et Neuhduslova in Neuhduslova-Novotna 1964)
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Case study data:

6 localities

12 plots per locality

4 nested subplots per plot
detailed measurements of
environment

400 m?

100 m?

25 m?
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Introduction
Plant communities differ in richness, relative species-abundance distributions and density of individuals per area. If we want to

Ry
Plant community: plants growing on similar

describe and compare the richness of individual we usually npar
species richness in plots of equal size. However, such comparison may not be entirely fair.

The problem which hampers fair comparison of diversity using equally large plots is called undersampling and sample
completeness (see Glossary). Due to differences in density of individuals between communities, equally large plots sampled in
Mnmmmmmwmmammm«umwwuwmz given size would capture different
proportion of their ge plots may lead about the relative.
richness of communities being compar

clusios Inmldof by ares, it seems to be more reasonable to compare samples

‘plant community.
Diversity: total number of species occurring ina

Spedes
plotsampledin a communty (synonymto elpho

‘Sample completeness: disparty betwesn species
richness and diversity of communitydua to.

‘even better by their qually
‘comparison, as nmpam equal parts of communities.

Aims
+ To compare absolute and relative species richness of
plant communities using different ways of sample
standardization:
3) by area,
b) by number of individuals,
¢) by completeness (sample coverage).
+ To estimate density of individuals in each community.
« To compare two measures of community complete-
ness,

* To find out whether the plot size should be adjusted
to density of plant individuals in order to make a fair
comparison of species richness.

12012) {somple overoge) andsensu Plere et al.
(2013) (Community Completeness ndex) are

coverage).
Ramet: every individual plant unt potentially
dewm—lhh

lnouud ‘2 ganet; number of ramets modifiedby.
the set of rules {see Methods).

Uberal estimation; count of ramets; iberal
‘3pproachto sstimation of numbar of plant
Indhiduals.

Conservative estimation; count of plant indwiduas.

1 " " w

I Mesic beech forest (Galio odorati-Fagetum

lurm' nmwm-bmd Wm'pimk
Knapp ex Hibl 1959) oot witsvaehed ot sane s e, 30 v e
vi based roveacton. For andardzstion St

et Neuhauslova in Neuhauslovi-Novotna 1964)

determine the. of wbampes to
onplecovrm, o v NEX:pockog (et . 202110 K.
o b e et i)

number o plant individusls.

Conclusions

= differ in relative species richness

using different sample standardization. Using.

standardization by indviduals or by sample

coverage, species richness of _acidophilous
thermophilous oak forestis the lowest.

« Communities differ in density of individuals.

Density s several times higher in oak forests than

densityin the mesic beech forest.

+ If we want to compare species richness of plant
communities properly, the size of the plot should
reflect both density of indiiduals and community
richness.

* Theoretically, communities with lower density of
Individuals and higher richness should be sampled
by larger plots than those with higher density and
lower richness, respectively.

Practically, however, this recommendation is not
feasible, since dedision about sampling size would
previous knowledge about  density of
‘community richness, which s

\ble at the time of sampling.
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Differences in species composition among six communities
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Differences in species composition among six communities
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Differences in species composition among six communities
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Explaining differences in species composition by environment (RDA)
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Relationship between explained variation and plot size
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Explained variation in beta diversity
depends on:

The way to fix it:

number of samples and use of adjusted R?
number of explanatory variables (Peres-Neto et al. 2006)

e.g. use of spatial variables as surrogates
for environmental factors
(Dray et al. 2012)

quality of explanatory variables
(not all relevant ones were measured)

by null models
(e.g. Chase et al. 2011, Myers et al. 2012,
De Caceres et al. 2012)
level of undersampling
(and community completeness) (but only for individual based data, and
only unders assumption that
undersampling doesn’t differ within the
dataset)




Conclusions

Explained variation in beta diversity cannot
be compared between different datasets,
unless we are reasonably sure that the level
of undersampling is on comparable level
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A quantitativc analysis of spccics sorting across organisms

and ccosystems
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Abstract.  The estimation of the relative roles of environment, space, and their interactions
in structuring community composition is one of the central topics of community ecology. I
conducted a quantitative review to determine if the degree of species sorting (55) by the abiotic
environment varied predictably between organism types and ecosystems. 88 was quantified as
the relative fraction of community variation that is explained by environmental variables. [
integrated data from 326 variation partition analyses in a generalized linear model, and found
that a mean of 26.1% (minimum 0%, maximum 88%) of the variance in community
composition was explained by environmental variables. 1 also found that organism body size
and dispersal group were not related to the degree of S8. S8 varied among trophic positions,
being highest in autntronhe and amnivares and lnweat in herhivoaree and decomnoceere S alen
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Fia. 1. Observed values for the whole data set (n = 326 $S values analyzed) of the environmental fraction (£, the relative
amount of community variation that is explained by environmental variables) against (a) log-transformed body size {originally
measured in g), (b) dispersal mode, (¢) trophic position, (d type, (e) log- d study extent (originally measuredin
km), (f) model type ical cor dence analysis and d analysis), (g) adjusting, and (h) spatial filters vs.
polynomial. Lines in boxes are medians, box ends are quartiles, whiskers show 95th percentiles, and circles show outliers.
Abbreviations are: Fly, fiying; Mob, mobile; Pass, passive; Pel larv, pelagic larvae; Autotr, autotroph; Carniv, camivore; Herbiv,
herbivore; Decomp, decompaser; Omniv, omnivore; Est, estuary; Mar, marine; Str, stream; Terr, terrestrial.
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Conclusions

Explained variation in beta diversity cannot
be compared between different datasets,
unless we are reasonably sure that the level
of undersampling is on comparable level

Thank you for your attention!



