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Learn how to calculate basic diversity 

statistics and how to utilize a Presence -

Absence Matrix (PAM) to optimize 

calculations involving multiple taxa
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Biological Objectives:

✓ Explore the theory on basic diversity statistics 

✓ Alpha diversity

✓ Beta diversity

✓ Gamma diversity
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Technical Objectives: 

1. Understand what a grid is

2. Understand the effects of grid scale
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Technical Objectives: 

1. Learn what a PAM is in a biogeographic 

context 

2. Learn how to create a PAM

3. Understand PAM as a data model
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Technical Objectives: 

1. Learn what some of the stats are: alpha, beta and gamma 

diversity!

We will 
explore more 
statistics later!Anja Knaebel, CC BY-SA 4.0 

<https://creativecommons.org/licenses/
by-sa/4.0>, via Wikimedia Commons
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1. Exploring Concepts: Biological background on diversity statistics 

2. Exploring Concepts: How to …

a. build a grid

b. encode SDM layers

c. calculate statistics (alpha and beta diversity)

3. Exercises: Practicing …

a. building a grid

b. encoding SDM layers

c. calculating statistics (alpha and beta diversity)

4. Session Summary, Q&A and Discussion 
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Anja Knaebel, CC BY-SA 4.0 
<https://creativecommons.org/license
s/by-sa/4.0>, via Wikimedia Commons

In 1960 Whittaker proposed 3
species-diversity metrics 
in natural communities

https://esajournals.onlinelibrar
y.wiley.com/doi/epdf/10.2307/194
3563

https://esajournals.onlinelibrary.wiley.com/doi/epdf/10.2307/1943563
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Anja Knaebel, CC BY-SA 4.0 
<https://creativecommons.org/licenses/by-sa/4.0>, 
via Wikimedia Commons

“The richness in species 
of a particular stand or 
community, or a given 
stratum or group of 
organisms in a stand.”



13

Anja Knaebel, CC BY-SA 4.0 
<https://creativecommons.org/licenses/by-sa/4.0>, 
via Wikimedia Commons

“The extent of change of 
community composition, 
or degree of community 
differentiation, in relation 
to a complex gradient of 
environment, or a pattern 
of environments”
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Anja Knaebel, CC BY-SA 4.0 
<https://creativecommons.org/licenses/by-sa/4.0>, 
via Wikimedia Commons

“The species-diversity of a 
number of community 
samples, for some range 
of environments, which 
have been combined, so 
that the diversity value is 
a resultant of both alpha 
and beta diversities of 
these samples.”
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• Definition of beta diversity can be 

confusing!!! 

• Diagram works as a simplified 

version of species diversity metrics.

https://onlinelibrary.wiley.com/doi/epdf/10.1111/j.1600-
0587.2009.05880.x

https://onlinelibrary.wiley.com/doi/epdf/10.1111/j.1600-0587.2009.05880.x
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Geospatial grid built in vector format (later 

saved as a shapefile).

Grid is used for defining cells as polygons. 

A grid defines the geographic extent for a 

PAM or other biogeographic matrix, used for 

multi-species analyses.
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Defining the grid is very important!! Geography 

based studies rely on 

. Also, defining grid 

scale is done considering the resolution of SDMs 

layers. Usually, the grid resolution is coarser 

than the SDMs layers!
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Polygonal cells in a grid can be intersected with other geospatial 

data layers, such as SDMs!

To intersect SDMs with a grid, it is necessary to generalize across 

different pixel values in the SDM layer contained in a single grid cell. 

POLYGONAL 
CELL

SDM 
LAYER

EACH SMALL SQUARE IS A PIXEL
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Each pixel in an SDM receives a score from that represents 

the probability of occurrence of a given species in that pixel. 

SDM 
LAYER 0.5 0.8 0.9

0.0

1.0

0.1 0.5

0.7 0.2

L
O
N 
X

LAT Y

Each pixel in an SDM is 

delimited by a unique 

latitude at the Y axis and 

longitude at the X axis.
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Values over usually account for presence; thus, generalization 

across these pixels leads to accounting for presence in the grid cell!

SDM 
LAYER 0.5 0.8 0.9

0.0

1.0

0.1 0.5

0.7 0.2

P P P

A

P

A P

P A POLYGONAL 
CELL
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SDM
Sp. A

SDM
Sp. B

SDM
Sp. C

SDM
Sp. DP P A PTo intersect multiple two-

dimensional SDM layers 

with the same grid cell, it 

is necessary to stack 

these layers into a cube.



22

Then, this cube is flattened 

back into a 2-dimensional 

multi-layer matrix, by 

transforming each SDM layer 

into a matrix of a single 

column with multiple rows.

SDM LAYER
For a single 
species

Each small square 
corresponds to a 
cell grid

1   P 2   P 3    A

4   A 5   P 6  P

7   P 8   A 9    P

10  A 11  P 12  P

L
O
N 
X

LAT Y
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Then, this cube is flattened 

back into a 2-dimensional 

multi-layer matrix, by 

transforming each SDM layer 

into a matrix of a single 

column with multiple rows.

SDM LAYER
For a single 
species

Each small square 
corresponds to a 
cell grid

1 P

2 P

3 A

4 A

5 P

6 P

7 P

8 A

9 P

10 A

11 P

12 P

1   P 2   P 3    A

4   A 5   P 6  P

7   P 8   A 9    P

10  A 11  P 12  P

L
O
N 
X

LAT Y
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COLUMNS = SPECIES 
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COLUMNS = SPECIES 
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ROWS = 
SITES
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ROWS = 
SITES
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COLUMNS = SPECIES 

ROWS = 
SITES

LAT/LONG is 
represented 
by centroid 
value of a 
given cell
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POLYGONAL 
CELL
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Heat map 
created with 
QGIS to display 
alpha diversity!

File needs to be a 
GEOJson to be 
read in QGIS!
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What happens when there is a large dataset?

Should we calculate diversity statistics one 

taxon at a time?

We use BiotaPhy tools to automate 

calculating diversity statistics for 

multiple taxa at once!
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Download for the first time OR update the tutorials repository 

containing test data and configurations.

Initial download:  

git clone https://github.com/biotaphy/tutorials

Update tutorial:

cd tutorials

git pull

https://github.com/biotaphy/tutorials
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Let’s put the automated framework developed by BiotaPhy to the test!

3 steps:

1. Build a grid to analyze a multi-species dataset

2. Encode layers into a Presence-Absence matrix (PAM) for multi-

species analysis

3. Calculate statistics for a PAM
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Steps Sub-steps
Data Preparation Run 

Tutorial
Inspect 
Output

1 Build a grid 1. Script parameter file
✓ ✓

2 Encode Layers 1. Encoding layers
2. Script parameter file ✓ ✓

3 Calculate statistics 1. Script parameter file
✓ ✓
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Steps Sub-steps
Data Preparation Run 

Tutorial
Inspect 
Output

1 Build a grid 1. Script parameter file
✓ ✓

2 Encode Layers 1. Encoding layers
2. Script parameter file ✓ ✓

3 Calculate statistics 1. Script parameter file
✓ ✓
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Steps Sub-steps
Data Preparation Run 

Tutorial
Inspect 
Output

1 Build a grid 1. Script parameter file
✓ ✓

2 Encode Layers 1. Encoding layers
2. Script parameter file ✓ ✓

3 Calculate statistics 1. Script parameter file
✓ ✓
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Remember, you will RUN 
this code in the terminal or 

in a similar environment 
(for Windows)!

Goal: build a grid to analyze 
a multi-species dataset 
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THE OUTPUT IS SOLELY A GRID. 
AT THIS POINT, NO TYPE OF 

DATA WILL BE CONTAINED IN IT!
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Remember, you will 
RUN this code in the 

terminal or in a 
similar environment 

(for Windows)!

Goal: Encode Layers into a 
Presence-Absence matrix (PAM) 

for multi-species analysis



48

COLUMNS = SPECIES 

ROWS = 
SITES
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Remember, you will 
RUN this code in the 

terminal or in a 
similar environment 

(for Windows)!

Goal: Calculate Statistics 
for a PAM
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Diversity Matrix!
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1. Alpha, beta and gamma diversity are commonly used diversity metrics. Be 

careful with interpretation and rely on recent literature for help!

2. Presence-Absence Matrices (PAMs) are a great way to optimize diversity 

statistics involving multiple species! 

3. Three steps must be followed to use PAMs: 

• Build a grid

• Encode layers

• Calculate statistics
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Any questions?? 
Please, use the chat to write your question!


