Basics in Community Ecology

Master FBE - CRBE - Université de Toulouse

Based on LTOM.01.002 (University of Tartu, 2023). Covers diversity indices, beta diversity, dark diversity, ordination,
environment—-community links, constrained ordination, and spatial analysis.

Community ecology asks: how many species, which ones, and why? The primary data structure is the
species x site matrix.

1. The community matrix

I'i brary(vegan)
dat a(dune); data(dune. env)

di n{dune) # 20 sites x 30 species
r owSuns( dune) # total abundance per site
specnunber (dune) # species richness per site

# Standardi se

dune_pa <- decostand(dune, "pa") # presence/ absence

dune_rel <- decostand(dune,"total") # rel ative abundance
dune_hel <- decostand(dune, "hellinger") # square-root of rel. ab.

2. Alpha diversity

Index Formula Range Code

Richness S Count species >0 specnumber(comm)
Shannon H' -Zpmin(pm) 0-In(S) diversity(comm,'shannon’)
Simpson 1-D 1->pm2 0-1 diversity(comm,'simpson’)
Pielou J H'/In(S) 0-1 H/log(specnumber(comm))
Chaol Richness estimator =S estimateR(comm)[2,]

ACE Abundance-based est. | =S estimateR(comm)[4,]

S <- specnunber (dune)

H <- diversity(dune, "shannon")

D <- diversity(dune, "sinmpson")

J <- Hlog(S) # evenness

# Rarefaction (standardise richness to mn sanple size)
min_n <- mn(rowSuns(dune))
S rare <- rarefy(dune, m n_n)

# Rarefaction curves —saturation?
rarecurve(dune, st ep=2, col ="#27ae60", | abel =FALSE)

# Hi Il nunbers (unify richness, Shannon, Sinpson)
l'i brary(vegan)



renyi (dune, scal es=c(0,1,2)) # q=0: richness; g=1. exp(H); g=2: 1/D



3. Beta diversity

Beta diversity = variation in composition between sites. Decompose into replacement (species swap)
and nestedness (subset effect).

i brary(betapart)

d_bray <- vegdi st (dune, "bray") # abundance
d_j acc <- vegdi st (dune, "jaccard", bi nary=TRUE) # presence

# Deconpose beta into nestedness + repl acement
beta_pair <- beta.pair(decostand(dune, "pa"))

bet a_pai r $bet a. sor # total Sgrensen beta
bet a_pair$beta.sim # repl acenent (Sinpson turnover)
bet a_pai r $bet a. sne # nest edness

# Wi ttaker beta: ganma/nean(al pha) - 1
beta_w <- ncol (dune)/ mean(specnunber (dune)) - 1
cat ("Wittaker beta:",round(beta_w, 2))

4. Dark diversity

Partel et al. (2011) TREE. Dark diversity = ecologically suitable but absent species.

Observed diversity (S) + Dark diversity (DD) = Species pool. Completeness = S/(S+DD). Communities
with low completeness are below their potential.

# Beal s snoothing: habitat suitability via co-occurrence
beal s_scores <- beal s(dune)

# Dark diversity: suitable but absent
threshold <- 0.3

dark <- (dune==0) & (beal s_scores>threshol d)
DD  <- rowSuns(dark)

S <- rowSuns(dune>0)

results <- data.frame(
S=S, DD=DD,
conpl et eness=round( S/ (S+DD), 2),
comuni ty_openness=round( DD/ ( S+DD), 2)
)

print(results)

# Visual i se conpl et eness vs observed richness
l'i brary(ggpl ot 2)
df <- cbind(results, Managenent=dune.env$Managenent)
ggpl ot (df , aes(S, DD, col our =Managenent)) +
geom poi nt (si ze=3, al pha=0.8) +
geom snoot h(met hod="1 ', se=TRUE, | i net ype=2, col our ="grey50") +
| abs(x="Cbserved richness",y="Dark diversity",
title="Dark diversity vs observed richness") +
t heme_bw()



5. Unconstrained ordination

Method Type Dissimilarity Best for
PCA Linear Euclidean Environmental variables, standardised data
CA/DCA Unimodal Chi-square Long turnover gradients
NMDS Non-metric Any Ecology: robust, no assumptions
PCoA Distance-based| Any Any dissimilarity matrix
db-RDA Constrained Any Env effects + any dissimilarity
NMDS:

ord <- netaMdS(dune, di stance="bray", k=2, t r ymax=50)
cat("Stress: ", round(ord$stress, 3))

site_sc <- as.data.frane(scores(ord,"sites"))
site_sc$Managenent <- dune. env$Managenent

i brary(ggpl ot 2)

ggpl ot (site_sc, aes( NVDS1, NVMDS2, col our =Managenent)) +
geom poi nt (si ze=3, al pha=0.8) +
stat_ellipse(linew dth=0.7,1inetype=2) +

t heme_bw()

PCoA (works with any dissimilarity):

pcoa <- cndscal e(d_bray, k=4, ei g=TRUE)
ei g_pct <- 100*pcoa$ei g/ sun(abs(pcoa$eig))

cat (sprintf("PCL=% 1f %%

# <0.1 excellent, <0.2 ok

PC2=% 1f %A n", eig_pct[1],eig_pct[2]))

df _pc <- data.frame(pcoa$points[, 1: 2], Managenent =dune. env$Managenent )
names(df _pc)[1:2] <- c("PCl","PC2")
ggpl ot (df _pc, aes(PC1, PC2, col our =Managenent ) ) +geom poi nt ( si ze=3) +t henme_bw()

6. Environment—community relationships

envfit — overlay environmental vectors on ordination:

ef <- envfit(ord, dune. env, pernut ati ons=999)
pl ot (ord); pl ot (ef, p. max=0. 05, col ="#c0392b")

PERMANOVA — do groups differ in composition?

adoni s2( dune~Managenent +Mbi st ur e, dat a=dune. env,
per mut ati ons=999, by="rmargi n")

ANOSIM — simpler test for group differences:

ano <- anosi m(d_bray, dune. env$Managenent, per nmut at i ons=999)

print (ano)

# R O=no diff,

l=perfect; p-value

Indicator species analysis (IndVal):




I'i brary(indi cspeci es)

indval <- multipatt(dune, dune. env$Managenent,
func="IndVal . g", pernut ati ons=999)

sumar y(i ndval , al pha=0. 05)

Mantel test:

geo_dist <- dist(matrix(rnorm40),20,2)) # simulated coords
mant el (d_bray, geo_di st, net hod="pear son", per nut at i ons=999)
mantel . partial (d_bray, geo_dist,d_jacc, pernutati ons=999)



7. Constrained ordination (RDA/CCA)

# RDA: linear; use Hellinger-transfornmed data
rda_nod <- rda(dune_hel ~Al+Mbi st ur e+Managenent , dat a=dune. env)

Rsquar eAdj (r da_nod) # adjusted R?
anova(rda_nod, by="axi s", per mut at i ons=999) # test axes
anova(rda_nod, by="margi n", pernmut ati ons=999) # test termns

# Triplot
pl ot (rda_nod, scal i ng=2, di spl ay=c("sp", "wa", "bp"))

# db- RDA (di stance-based: any dissimlarity)

dbRDA <- capscal e(dune~Managenent, dat a=dune. env,
di stance="bray")

anova( dbRDA)

8. Diversity partitioning

Total diversity (gamma) = mean alpha + beta (additive) or alpha x beta (multiplicative).

# Additive partitioning

part <- adipart(dune, dune. envéManagenent, i ndex="shannon",
per mut at i ons=999)

print(part) # al pha, beta, gamma with significance test

# Multiplicative Wittaker

al pha <- nmean(specnunber (dune))

gamma <- specnunber (col Suns(dune>0)) # regional richness

beta <- ganma/al pha

cat (sprintf("al pha=% 1f gamma=% beta_mul t =% 2f\ n", al pha, ganmg, bet a))

9. Spatial analysis in R

From LTOM session 9: Mantel tests and basic GIS.

# Moran's |: spatial autocorrelation in species richness
library(ape)

coords <- chind(runif(20),runif(20)) # simulated coordinates
w <- 1/as.matrix(dist(coords)) # inverse di stance weights
diag(w) <- 0

Mor an. | (specnunber (dune), wei ght =w)

# Sinple species richness nap
library(sf); library(ggplot?2)
pts <- st_as_sf(as.data.franme(coords),
coords=c(" V1", "V2"), crs=4326)
pt s$S <- specnunber (dune)
ggpl ot ( pt s) +geom sf (aes(col our =S, si ze=S)) +
scal e_col our_viridis_c()+thenme_m ninal ()
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