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A central goal in community ecology is to 
understand what processes drive the
distributions and dynamics of species

Community ecology:
in the capture of assembly processes



What we are interested about: assembly processes
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What we mostly have data about: 
patterns that results from assembly processes
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Typical questions asked in community ecology 

Q1. How do environmental conditions
influence species
occurrences/community composition? 
Environmental filtering

Q2. What are the species’ co-
occurrence patterns after the effects of 
environmental conditions are taken
into account? Biotic filtering
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Q3. How do traits influence the
responses of the species to the
environment?

Q1. How do environmental conditions
influence species
occurrences/community composition? 
Environmental filtering

Q2. What are the species’ co-
occurrence patterns after the effects of 
environmental conditions are taken
into account? Biotic filtering

Typical questions asked in community ecology 



Y

sa
m

p
lin

g
u

n
it

s

X
covariates

C T
traits

Community Environment

1980
2000

2020 sa
m

p
lin

g
u

n
it

s

species

species

sp
ec

ie
s

sp
ec

ie
s

S, Π

TraitsPhylogeny

Spatio-temporal
context

Q4. Are the responses of the species to 
the environment phylogenetically
structured? Phylogeographic processes

Q1. How do environmental conditions
influence species
occurrences/community composition? 
Environmental filtering

Q2. What are the species’ co-
occurrence patterns after the effects of 
environmental conditions are taken
into account? Biotic filtering

Q3. How do traits influence the
responses of the species to the
environment?

Typical questions asked in community ecology 
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Q4. Are the responses of the species to 
the environment phylogenetically
structured? Phylogeographic processes

Q1. How do environmental conditions
influence species
occurrences/community composition? 
Environmental filtering

Q2. What are the species’ co-
occurrence patterns after the effects of 
environmental conditions are taken
into account? Biotic filtering

Q3. How do traits influence the
responses of the species to the
environment?

Q5. How will communities
change over space and time? 
Prediction

Typical questions asked in community ecology 



How to best use the data to address 
the research questions? 

?

The BIG QUESTION in statistical community ecology:
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Overview of (typical) methods in community ecology:
which data they utilize?

Method Community
data

Environmental
data

Trait data Phylogenetic
data

Spatio-
temporal
structure

Ordinations ✔ ~ ~ ~ ~
Co-occurrence analyses ✔ ✘ ✘ ✘ ✘
Network analyses ✔ ✘ ✘ ✘ ✘
Diversity metrics ✔ ~ ✘ ✘ ~
Joint species distribution
modelling ✔ ✔ ✔ ✔ ✔

✔Yes, ~Some variants, ✘No 

Input data (as a whole, without subsetting or pre-treatment)



Method Environmen
tal filtering

Biotic filtering Effects of traits
and phylogeny

Spatiotemporal
predictions

Ordinations ✔ ~ ~ ✘

Co-occurrence analyses ✘ ✔ ✘ ✘
Network analyses ✔ ✔ ✘ ✘
Diversity metrics ✔ ✘ ✘ ~
Joint species distribution
modelling ✔ ✔ ✔ ✔

✔Yes, ~Some variants, ✘No 

Outputs (without post-hoc treatment)

Overview of (typical) methods in community ecology:
which kinds of questions they answer?



A fast emerging field in statistical community ecology

Joint species distribution modelling

2017

2020

2020



Hierarchical Modelling of Species Communities (HMSC)

Parameters

Data

Graphical description of the HMSC model as a Directed Acyclic Graph (DAG)



HMSC is a multivariate hierarchical generalized linear 
mixed model fitted with Bayesian inference

𝐿𝑖𝑗 = 𝐿𝑖𝑗
𝐹 + 𝐿𝑖𝑗

𝑅Linear predictor for sampling unit 𝑖 and species 𝑗:

Fixed effects Random effects

Examples of data models:

Linear model:

Lognormal Poisson model:

Probit model:

𝑦𝑖𝑗~Poisson exp 𝐿𝑖𝑗 + 𝜀𝑖𝑗

𝑦𝑖𝑗 = 𝐿𝑖𝑗 + 𝜀𝑖𝑗

𝑦𝑖𝑗~Bernoulli(Φ(𝐿𝑖𝑗))



Fixed effects ~ environmental filtering

𝐿𝑖𝑗
𝐹 =

𝑘=1

𝑛𝑐
𝛽𝑘𝑗𝑥𝑖𝑘

𝜇𝑘𝑗 =
𝑙=1

𝑛𝑡
𝑡𝑗𝑙𝛾𝑘𝑙

The trait 𝑙 of 
species 𝑗

The influence of trait 
𝑙 on species response 
to  covariate 𝑘

Linear predictor for fixed effects for sampling unit 𝑖 and species 𝑗:

Covariate 𝑘 for sampling unit 𝑖

vec 𝐁 ~𝑁(vec 𝐌 ,𝐖⊗𝐕)

𝐖 = 𝜌𝐂 + (1 − 𝜌)𝐈

Phylogenetic
correlation matrix

Phylogenetic
signal

Response of species 𝑗 to covariate 𝑘



Random effects ~ biotic filtering and missing covariates

𝐿𝑖𝑗
𝑅 =

ℎ=1

𝑛𝑓
𝜂𝑖ℎ𝜆ℎ𝑗

Number of factors

Site loadings Species loadings

𝜆ℎ𝑗~
Multiplicative gamma process shrinking prior 
(Bhattacharya and Dunson 2011)

𝜂𝑖ℎ~𝑁 0,1 ⇒ Cov 𝐿𝑖1𝑗1
𝑅 , 𝐿𝑖2𝑗2

𝑅 =
ℎ=1

𝑛𝑓
𝜆ℎ𝑗1𝜆ℎ𝑗2𝛿𝑖1𝑖2



HMSC input and output
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The overall workflow of HMSC 
in the R-package Hmsc

Step 1. Setting model structure and fitting the model

Step 2. Examining MCMC convergence

Step 3. Evaluating model fit and comparing models 

m=Hmsc(Y, XData, XFormula, TrData, TrFormula, phyloTree,
studyDesign, ranLevels, distr)

gelman.diag(mpost)

predY = computePredictedValues(m, partition)

Not satisfactory? 
Redo model 
fitting.

mpost = convertToCodaObject(m)

effectiveSize(mpost)

sampleMcmc(m,thin, samples, transient, nChains)

Not satisfactory? 
Define better model.MF = evaluateModelFit(m, predY)

WAIC = computeWAIC(m)

Step 4. Exploring parameter estimates 

Biotic interactions, dispersal limitation, 
missing covariates and ecological drift

Step 5. Making predictions

Predictor values of environmental 
covariates, e.g. representing an 

environmental gradient

𝐗new 𝐘new
Species richness

Community-weighted
mean traits

Bioregionalization

Conservation
prioritization

Predictor values of spatio-temporal 
context, e.g. spatial coordinates of 
where predictions are to be made

𝐒new

Predicted 
communities

Preparing predictors Making predictions Post-processing and interpretation

Species niches and their links 
to traits and phylogenies

Step 1. Setting model structure and fitting the model

Step 2. Examining MCMC convergence

Step 3. Evaluating model fit and comparing models

Step 4. Exploring parameter estimates 

Step 5. Making predictions



HMSC belongs to the class of Joint Species Distribution Models

• HMSC by Ovaskainen, Abrego et al: Hierarchical Modelling of Species Communities

• BORAL by Hui et al: Bayesian Ordination and Regression Analysis

• GLLVM by Hui, Taskinen et al.: Generalized Linear Latent Variable Models

• GJAM by Clark et al.: Generalised Joint Attribute Modelling

• JDSDM by Thorson et al: Joint Dynamic Species Distribution Models

• MISTN by Harris: Multivariate Stochastic Neural Network

• BC by Golding and Harris: Bayesian Community Ecology Analysis

• SSDM = Stacked Species Distribution Models: ”Pick your favourite single-species model and apply it one
by one to each species”



How “joint” is a joint species distribution model?

MODEL N1 N2 N3 B1 B2 B3

HMSC x x x x

BORAL x x x

GJAM x

JDSDM x x

MISTN x

GLLVM x x x

BC x

SSDM

Niche structure 
N1: joint modelling of species niches
N2: dependency on traits
N3: dependency on phylogeny

Biotic interactions 
B1: Estimation of association networks
B2: dependency on traits
B3: dependency on phylogeny



MODEL Y X T C S

HMSC x x x x x

BORAL x x x

GJAM x x x

JDSDM x x x

MISTN x x

GLLVM x x x

BC x x

SSDM x x x

Data types utilized by joint 
species distribution models



Predictive performance of (joint) 
species distribution models

HMSC
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JSDM outputs were most 
informative in 
disentangling which 
underlying community 
assembly mechanisms 
generated the patterns in 
the data

How well do JSDMs do in terms of inference?



Global

• The processes underlying community assembly are complex, and we have typically not data directly 
on them, merely on patterns generated by the processes.

• We need statistical methods that can relate data on patterns to the underlying processes.

• Joint species distribution models (JSDMs) are one promising approach for doing so. They have been 
shown to be efficient both for inference and prediction.

• JSDMs include single species distribution models and model-based ordinations as special cases, and 
thus they are merging two fields that have long developed in isolation from each other.

• Methods development with JSDMs is currently very rapid, with several research groups developing
related approaches.

• In this course we will learn how to apply the R-package Hmsc!

Conclusions


