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ü  What is a BIOTIC COMMUNITY 

ü  How do we get informations on the COMPOSITION and STRUCTURE 
    of a biotic community 

ü  Numerical tools for assessing the DIVERSITY of a community 

ü  The vatiation of communities in time: SUCCESSIONS 

ü  What is the rapport between the communities and the BIOMES 

ü  What is and how we can describe a TROPHIC WEB 

ü  What makes STABLE/UNSTABLE a trophic web 

ü  How materials and energy circulate and flow within the trophic web 
     and outside (BIOTIC-ABIOTIC relationships) →ECOSYSTEM 
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ü  General definition of a BIOTIC COMMUNITY 
 
The whole set of population of different species living at the same TIME 
in the same portion of SPACE 
 
 
ü  Two different views of the biotic community 
 
A)  Frederic Edward Clements (1874 –1945) 
 

Community as an integrated group of populations of different species linked 
by functional relationships (predation, competition, mutualism etc.) 
 
B) Henry Allan Gleason (1882–1975) 
 

Comunity as an occasional set of populations of different species sharing 
autoecological prophile (niche similarity) 
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ü  Descriptive (structuralistic) analysis 

 Which species belong to the community 
 What is their quantitative composition (abundance)   

 
ü  Dynamic (storicistic-evolutionary) analysis 

 How a community takes its structure 
 How a community varies in time 

ü  Functional analysis 

 Which are the relationships between the different species 
 How do they exchange matter and energy 
 How do they compete/collaborate for extracting resources 
 Which factors determine the stability/resilience to the community 
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Community analysis is made within a selected area: 
 
A.  Objective boundaries (e.g. a lake, a grassland patch, a forest,a 

cultivated area etc.) 

B.  Subjective boundaries delimiting a study area (e.g.  an 
administrative region) within a wider (natural) area 
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Random sampling 
 
1. Select a particular area (objective or arbitrary) 

2. Draw a “grid” or a “transect” 

3. Select randomly a given number of sampling units 

If the area is not homogeneous a stratified sampling 
is implemented: 
 
Repeat (3) in the different subsystems 
(e.g. grassland, forest etc.) 
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Random or uniform sampling 

Homogeneous habitat structure 
e.g. grassland 

Heterogeneous habitat structure 
e.g. grassland-forest 

Stratified sampling 
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In practice, most community analyses are made on a subset of 
species sampled in a selected area: 
 
A)  Taxonomic subsystem (assemblage): e.g. plant community, bird 

 community, insect community etc. 
 
B) Functional subsystem (guild): e.g. primary producers,  herbivores, 

 predators, scavengers etc. 
 
Or both: mammal predators, insect scavengers, insectivores birds etc.  
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Presence sampling 
 

Zooplancton community in the Great Lakes 
(North America) 

 Contingency table 
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Abundance matrix 

Abundance sampling 
 

Temperate forest community in the Western U.S.A. 
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Species  N            Pi      Pi2 
 
A  20  0,20  0,04    
B  20  0,20  0,04    
C  20  0,20  0,04    
D  20  0,20  0,04    
E  20  0,20  0,04     D        E   
Total  100  1,00  0,20  5,00  1,00 

      
 
A  96  0,96  0,92    
B  1  0,01  0,00    
C  1  0,01  0,00    
D  1  0,01  0,00    
E  1  0,01  0,00      D        E 
Total  100  1,00  0,92  1,09  0,22 

      
 

Species  N            Pi      Pi2 
 
A  50  0,50  0,25    
B  50  0,50  0,25    D        E 
Totale100  1,00  0,50  2,00  1,00 
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0 ≤ H ≤ Log S 
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1) Binary similarity 
 

 Starting from contingency tables or abundance matrices 
 of two communities it is possible to compute a BS index 

 
2) Multiple (hyerarchic) similarity 
 

 Starting from BS indices of a set of communities it is 
possible to draw a graph showing the hyerarchic 
similarity among those communities 

Comparison of communities (similarity) 
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  a = present in CA and CB 
  b = only in CA 
  c = only in CB 

Jaccard’s index 
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Sørensen’s index 

Species    CA     CB 
 
S1      +      - 
S2      -      + 
S3      +      + 
S4      +      - 
S5      -      + 
S6      +      + 

J = 2/(2+2+2) = 0.33                     S = 4/(4+2+2) = 0.50  

Binary similarity (contingency table) 
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Pi,A = abundance of i-th species in location A 
Pi,B = abundance of i-th species in location B  

DA,B =1−
Pi,A −Pi,B

i=1

S

∑

Pi,A +Pi,B
i=1

S

∑

Bray-Curtis index 

Binary similarity (Abundance matrix) 
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Species 

Community 

Multiple similarity 
(abundance matrix) 



Binary similarity matrix (Bray-Curtis)  

Hyerarchical similarity 
dendrogram  

Multiple similarity 
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Abundance 

Frequency 
N. of species having 
a given abundance 

 

Community structure 

Quantitative composition of the community i.e. the number 
of species having different abundance values (numbers of 
individuals or biomass, energy, coverage etc.)  

Guido Chelazzi 



0 

10 

20 

30 

40 

1 10 20 30 40 
Number of individuals 

N
um

be
r o

f s
pe

ci
es

 

Rare species 

Common species 

Hollow curve distribution 

Guido Chelazzi 



n
xxxx
n⋅⋅⋅

⋅
ααα

α ,...,
3

,
2

,
32

x is a positive constant (0 ≤ x ≤ 1) 
α Fisher’s parameter giving a specific shape to the function 

N. of species 
represented by 
1 organism each 

N. of species 
represented by 
n organisms each 

Hollow curve distribution = logarithmic series 

N. of species 
represented by 
2 organisms each 

N. of species 
represented by 
3 organism each 
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One determinant of community (guild) structure is the competition for the 
resources among the different species 

Available pool of resources Resource partitioning Relative abundance 
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Community structure 
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Available stock of resources 

Random partitioning among the species 
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Community dynamics  

Communities are not static systems: they change in time 
 
Variation of the community composition/structure in time is 
called SUCCESSION 
 
The therm does not necessarily imply an ordered, directional 
change 
 
Some successions are chaotic variations in time of the 
community structure 
 
In other cases the succession follows a circular (cyclic) 
pattern 
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Succesions’ drivers 

Variations in the community’s strucure are driven by different classed 
of “internal” and “external” drivers 
 
ü  Interval drivers are those processes generated by the dynamic 
interactions among the species of the community (i.e. competition. 
mutualism, predation) 
This case is defined as AUTOGENIC succession 
 
ü  External drivers are those processes generated by the variation in 
time of environmental parameters such as climate  or human impact. 
This case is defined as ALLOGENIC succession 
 
Real successions are often driven by complex blends of internal and 
external factors 
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Direct inference - Repeated sampling in a given area since a time zero 
(after colonization of a bare environment or a perturbation) 

Opening of a new habitat 
or heavy disturb: 
Primary succession 

Low intensity disturb: 
Secondary succession 

Successions’ analysis  
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Primary succession 

Glacier retreat 

Bare rocks 

Pioneer 
vegetation 

Mature forest 
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Secondary succession 

Farmland abandonment 
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Secondary succession 

Wildfires 

Guido Chelazzi 



Bare soil Grass Grass 
 + Shrubs Pinus forest Broadleaf forest 

Temporal variation 

Indirect inference – Patches of habitat with different composition (e.g. 
vegetation) interpreted as developmental stages of a temporal process 
(chronoseries)    

Successions’ analysis 

Spatial variability 
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A = Pioneer stage 
B = Intermediate stage 
C = Mature stage 

A 

B 

C 

Transitions 

Community dynamics  

pCC pBC pAC C 
pCA pBB pAB B 
pCA pBA pAA A 
C B A  

Future 
(t+1) 

Present (t) 

Variation probability (transition matrix) 

Predictive stage models 
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Community dynamics  
Predictive stage models 

Stage (patch) models of community dynamics predict that given a set 
of transition coefficients, the community structure converges in time 
toward a defined, stable arrangement (climax)    
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Transition matrix obtained by counting the number 
of saplings of the different species within the “pertinence area” 
of adult trees of each species 

Community dynamics  
Individual substitution models 

(Horn models) 
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