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ﬁ Agrobiodiversity and Its Measurement ‘

Agrobiodiversity measurement

* Quantification using
phenotypic, genotypic,
perception and survey data.

 Measurement may be based
on Community biodiversity
register review and community
seed bank visit, Diversity block,
Diversity collection, Diversity
fair, Field/ transect walk, Focus
group discussion, Food fair,
Household survey, Key
informant survey, Online
survey, Lab experiment,
Literature review, Local market
visit, On-farm trial, On-station
trial
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Agrobiodiversity Characterization Classification Evaluation Relationship
measurement (description) (comparison)
(quantification)

t-test

ANOVA, MANOVA
F test

LSD

CV

Mean, SE

Max and Min
Score and rank
Non parametric test
Stability analysis
Box plot, graph

Correlation
Regression

Chi square
Scatter plot
Box plot, graph

Frequency,
Percentage
Mean, Variance

Cluster analysis
PCA
Discriminant
analysis

* Diversity indices
(richness,

Max and Min
Range

Rank

SD, CV

Areas/ HHs/ land
parcels

Box plot, graph

evenness,
Shannon index,
Simpson index)
Similarity/
dissimilarity
coefficients

* Score

D2 statistics
Factor analysis
Principal
coordinate
analysis

2oa Some tools can be used for multiple purposes, eg PCA for classification, relationship, etc



Agrobiodiversity
levels and types
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Agrobiodiversity

Ecosystem Diversity,
Agro-ecozone Diversity

Agrobio-components
and groups

Species Diversity,
Crop Diversity

Varietal Diversity

Genetic Diversity
(Genotypic diversity and
Allelic diversity

Cultivated, semi domesticated, wild relatives and wild
edible genetic resources within an area

Variety of different ecosystems within an area, different
growing seasons, cropping pattern, agro-ecology

All components and sub components and groups of
agricultural genetic resources within agro ecozone

Inter and intra level species and crops diversity within a
given area

Intra and inter varietal diversity, landrace or cultivar
diversity within a given area

Variation of genes, alleles and genotypes between and
within species, landraces

Functional Diversity

L

Morphological Diversity

v

Functional traits among and
within species and varieties

Phenotypic variation
among and within
species and varieties

Molecular Diversity
o)
c —
(© g >
() et
.. s 2 v
Variation at DNA, § x o
- =
protein and other o é’ )
molecules =

Food Diversity

Varied recipe with
different nutritional
pack
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HH diversity score

1.

10.
11.
12.

Number of species (species richness, n) in each of 6 agrobiodiversity components (crops, forages, livestock, economical insects,
economical microorganisms, aquatic agricultural species) in a year

Number of landraces (landrace richness, n) per species for each of 6 components in a year

Land type, n (marshy/ wet land, pond/aquatic, slopy upland, terrace upland, slopy low land, terrace low land, riverside,
agroforestry land, grassland )

Functional diversity (number of special function using special landraces) in a year
Unique diversity value (number of speciality/ unique landraces divided by total number of landraces)

Agrobiodiversity group score (or agrobiodiversity group richness) (based on 21 agrobiodivesity groups; cereals, pseudocereals,
millets, sugar/ starch crops, grain legumes, oilseed crops, summer vegetables, winter vegetables, roots/ tubers, winter fruits,
summer fruits, spices, beverages/ fibers, forage trees, forage grasses, economical insects, economical micro organisms,
fish/aquatic animals, aquatic plants, poultry, livestock), 0 or 1 scale over a year with max 21 score

Dietary diversity score (Cereals, Pseudo cereals, Millets, Roots/tubers, Vegetables , Fruits, Nuts., Meat/ poultry, Eggs, Fish/
aquatic animals, Pulses/ legumes, Milk/ milk products, Qil/ fat/ ghee, Sugar/honey, and Miscellaneous) 0 or 1 scale on half year
basis with max 15 score

Social agrobiodiversity score (number of religious or culturally associated landraces, consider all 6 components)
Food diversity score (number food items/recipe eaten per meal, average of morning, day and evening foods)
Food component score (number of species in food per meal, average of morning, day and evening foods)
Average area per species (crops and forages) in square meter

HH agrobiodiversity score: sum from 1 to 10 values



HH diversity index
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A. Based on species within agrobiodiversity group

= HH agrobiodiversity group richness, n

1 HH Shannon diversity index (based on number of species within a group)
2. HH Simpson index (based on number of species within a group)

3 HH species evenness (specie within group)

B. Based on landraces within agrobiodiversity group

HH agrobiodiversity group richness, n

4 HH Shannon diversity index (based on number of landraces within a group)
5. HH Simpson index (based on number of landraces within a group)

6 HH landraces evenness (specie within group)

C. Based on landraces within species

HH agrobiodiversity species richness, n

7 HH Shannon diversity index (based on number of landraces within a species)
8. HH Simpson index (based on number of landraces within a species)

9 HH species evenness (specie within group)

HH agrobiodiversity index: sum from 1 to 9 values
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Agrobiodiversity indicators: B. Village/ community/ site level diversity
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Village diversity score

1.

o Uk wnN

10.
11.
12.
13.
14.
15.
16.
17.

Number of species (species richness, n) in each of 6 agrobiodiversity components (crops, forages, livestock, economical insects, economical
microorganisms, aquatic agricultural species) in a year

Number of landraces (landrace richness, n) per species for each of 6 components in a year

Land type, n (marshy/ wet land, pond/aquatic, slopy upland, terrace upland, slopy low land, terrace low land, riverside, agroforestry land, grassland )
Functional diversity (number of special function using special landraces) in a year

Unique diversity value (number of speciality/ unique landraces, functional trait specific genotypes divided by total number of species)

Village agrobiodiversity score (based on 21 agrobiodivesity groups; cereals, pseudocereals, millets, sugar/ starch crops, grain legumes, oilseed crops,
summer vegetables, winter vegetables, roots/ tubers, winter fruits, summer fruits, spices, beverages/ fibers, forage trees, forage grasses, economical
insects, economical micro organisms, fish/aquatic animals, aquatic plants, poultry, livestock), 0 or 1 scale over a year with max 21 score

Village dietary diversity score (Cereals, Pseudo cereals, Millets, Roots/tubers, Vegetables , Fruits, Nuts., Meat/ poultry, Eggs, Fish/ aquatic animals,
Pulses/ legumes, Milk/ milk products, Qil/ fat/ ghee, Sugar/honey, and Miscellaneous) 0 or 1 scale on half year basis with max 15 score

Social agrobiodiversity score (hnumber of religious or culturally associated landraces, consider all 6 components)
Food diversity score (humber food items/recipe eaten per meal, average of morning, day and evening foods)
Food component score (number of species in food per meal, average of morning, day and evening foods)
Village agrobiodiversity score: sum of from 1 to 10 values

Average area per species (crops and forages) in square meter

Average agrobiodiversity HH score

Average social agrobiodiversity HH score

Average number of species /HH

Average number of landraces/HH

Average areas per HH
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Village diversity index
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A. Based on species within agrobiodiversity group

Agrobiodiversity group richness, n
Village Shannon diversity index (based on number of species within a group)
Village species evenness (specie within group)
Village Simpson’s index

B. Based on landraces within agrobiodiversity group

Agrobiodiversity group richness, n
Village Shannon diversity index (based on number of landraces within a group)
Village landraces evenness (specie within group)
Village Simpson’s index

C. Based on landraces within species

Agrobiodiversity species richness, n
Village Shannon diversity index (based on number of landraces within a
species)
Village species evenness (specie within group)
Village Simpson’s index

Village agrobiodiversity index: Sum of 1 to 9 values

Other index

e ABI of HH, community, district,
province, ward using number of
species or landraces divided by total
number of species or landraces in a
country

* Analog site index of a particular
landrace or species

e Driver index




Data Generation: Types_of Data for Agrobiodiversity Statistics \|

Attributes, categorical

Non-interval scale

Rankable

Discrete (discontinuous) Groupable w/t rank

Measurement data Attribute data

qualitative and quantitative, and

population, can also be spatial and

temporal Variables, Numerical
(quantltatlve data need to measurement Nominal scale Ordinal scale
and proportion of entries in
ith class Secondary Secondary

Data type: Agromorphological and Observation = Variable = Data
genotypic data, including both
measured either individual, __ : T :
representative sampling, or Quantitative Perception Qualitative Binary
Interval scale
For Diversity index
* Both qualitative and
quantitative data, Fractional
convert to qualitative group)
* Phenotypic classes of a traits
* Based on frequency data on
genebank collection

}

Raw data Descriptive Statistics and Inferential Statistics

10/24
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Data Generation: On-station, On-farm and Lab Experiments, and Survey
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On line survey tools (Electronic media based survey tools)

Surveymonkey (https://www.surveymonkey.com/): A cloud-based survey tool that
helps users create, send and analyze surveys.

Google forms (https://www.google.com/forms/about/): Create online forms and
surveys

SoGoSurvey (https://experience.sogosurvey.com/): A cloud-based platform that
enables creation, distribution and multilingual analysis of surveys, forms, polls, quizzes
and assessments.

mWater Portal (https://portal.mwater.co/#/): Free platform for data collection, data
visualizations, and data-driven management of infrastructure in emerging economies.

FieldLab: An application for Android tablet that used for data collection in the field.
Field Book: An open-source application for field data collection on Android.

ODK: Open Data Kit, open-source software for collecting, managing and using data in
resource-constrained environments.



https://www.surveymonkey.com/
https://www.google.com/forms/about/
https://experience.sogosurvey.com/
https://portal.mwater.co/
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Measurement objects

= Household

= Village, community, site, agroecozone
= District, ward, province, country

= Agrobiodiversity components, groups
= Species, landraces

= Specific traits, values, functions

12/24
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Software for Agrobiodiversity Data Analysis
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R and Rstudio: For statistical computing and graphics

Past: for scientific data analysis, with functions for data manipulation, plotting, univariate and multivariate statistics,
Minitab: Simple and general statistical package

SAS: A statistical software for data management, advanced analytics, multivariate analysis,

Dipveiw: Genebbank data management and analysis tool

DivaGIS: For mapping and geographic data analysis (a geographic information system (GIS)

STAR: Statistical tool for agricultural research

NTSYS: Numerical taxonomy and multivariate analysis system

MS Excel: Spreadsheet software program, a powerful data visualization and analysis tool

Genstat: A statistical software package with data analysis capabilities, particularly in the field of agriculture
Agrobase: Data management, experiment management, and statistical analysis for plant breeders and agronomists
Statistica: A data analysis and visualization program

Statistix: Statistical analysis program

MSTATC: For the design, management, and analysis of agronomic research experiments

Instat: A general statistical package

Cropstat: For data management and basic statistical analysis of experimental data

GGEBiplot: For biplot anaysis, conventional statistical analysis, and decision making based on univariate and multivariate data
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R Packages for Agrobiodiversity Statistics
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BiodiversityR: For statistical analysis of biodiversity and ecological communities
vegan: For community ecologists with multivariate and diversity analysis and other functions

adiv: Analysis of Diversity. Functions, for the calculation of various indices of biodiversity including species,
functional and phylogenetic diversity.

rich: For the analysis of species richness

agricolae: Statistical Procedures for Agricultural Research, offers extensive functionality on experimental design
especially for agricultural and plant breeding experiments and other statistical analysis

BioFTF: To study biodiversity with the functional data analysis.
BIO-R: Biodiversity analysis using molecular data

BAT: Biodiversity assessment tools, assess alpha and beta diversity in all their dimensions (taxonomic,
phylogenetic and functional).

GGEBiplotGUI: A graphical interface for construction of, interaction with, and manipulation of GGE biplots in R
prcomp: Performs a principal components analysis on the given data matrix

hclust: Hierarchical cluster analysis on a set of dissimilarities and methods for analyzing it.

pscyh: Procedures for psychological, psychometric, and personality research

analogues: To calculate climatic similarity between a reference site and a prescribed area, helps identifying
locations with similar climates



R and RStudio

R script
editor

R console
Command
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RStudio
File  Edit Code “iew Plots  Session  Build  Debug  Profile  Tools  Help
S - O - o to fileffunction -~ Addins

@ | Exercise_Diversity.R.

Source on Save | L 4 -

24 data(BCI.env)

25  BCI.env_new<—chind(BCI.erv,SimsponIndex,Richness)
26 plot(BcIl.envc(l:20],cex=1og(pCI. env_newirichnessi)

datalBCI)
29 H =- diversity(BCI)
30 simp <- diversity(BII, "simpson')
31 nwsimp <- diversity(BCI, "inw")

32  #4# Unbiased Simpson (Hurlbert 1971, eg. 5) with rarefy:

33 wunbias.simp <- rarefy(BcI, 27 - 1
34 #4# Fisher alpha

35 alpha <- fisher.alphacBiI)

36  #4# Plot all

=0

=+ Run by Source =

37  pairsi{chind(H, simp, dnvsimp, unbias.simp, alpha), pch="+", col="hTue")

38 pairsichind(H, simp), pch="+", col="kblus")
39  #4# Species richness (5) and pPielou's evenness (1):

40 5 «<- specnumber(BCI) ## rowsums(BCI = 00 does the same...

41 1 <- H/Mog(s)
42
26:30 [Top Level] =

Console  Terminal Jobs

R R410. -

[ L] I"I_'i\:-l- Le& ] [ =8 o8 L LW L AT 1hsd i s 2oL cuy
> detach("package:remdr”, unload = TRUED
warning message:
& L] -
rcmdr * namespace cannot be unloaded:

R Script =

=0

namespace ‘Rcmdr’ s dmported by ‘Biodiversityr’ so cannot be unloaded

> detach("package:rcmdrmisc”, unload = TRUE)
warning message:
fromdrMisc’ namespace cannot be unloaded:

namespace ‘RcmdrMisc’ s dmported by ‘Romdr’ so cannot be unloaded

detach("package:Biodiversityr"”, unload = TRUE)
= Tibrarywegan)
> datal(BCcI)
= H <- diversity(BCI)
= WView(dune, env)

Environment

History Connefions

Data import, workspace, data in
memory, view and edit

Tuwnm

- “ Impaort Dataset ~ | &) 439MiE ~ | &
R+ | T} Global Environment

D dune. eny
D Environmentalbata
values
absence.focal
ensmodels.file
evall
focal.ensemble. ob...
H

20 obs. of 5 variahles
4 oghs. of 1 variable

MULL
MULL
MULL
MULL
il

Files Plots Packages Help Yiewrer
Ol Install | @ Update

Mame Cescription

aplpack Another Plot Package: 'Bagplots, 'lconplots’,
‘Sumrmaryplots’, Slider Functions and Others

arrm Data &nalysis Using Regression and
Fultilevel Hierarchical Models

askpass Safe Password Entry for R, Git, and 55H

assertthat Easy Pre and Post Assertions

hackports Reimplernentations of Functions Introduced Since R-
3.00

basefdenc Tools for basedd encoding

BAT Biodiversity Assessment Toals

BiodiversityR Package for Comrmunity Ecology and Suitability Analysis

hit Classes and Methods for Fast Mermorng-Efficient Boaolean
Selections

bited A, 53 Class for Vectors of 8dbit Integers

bootstrap Functions for the Book "An Introduction to the
Bootstrap”

brio Basic R Input Cutput

broorm Corevert Statistical Objects into Tidy Tibbles

kislik Custarn 'Rantstran' 'Sass! Themes for'ching!' and

=
List = -

Package installation

num [1:30] 4,02 3.83 3.81 5.98 3.97 ... hd

=0

“fersian

133
1.11-2

11
0.21
1.21

01-3
261
21341
4.04

403
9.6

11.2
0.7.8
n?s1

T:04 PM

) G ENG

o




Data File and Importing Data from Excel ‘

Data preparation

 Community data matrix (community by number of

landraces within a species, count data)

* Household by agrobiodiversity groups for number of

landraces or species
* Prepare data in excel as follows

Community/
household
§

2
0
5

N PR RN
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Data file import
= Use import menu from RStudio
= Check column and row names

library (readxl)

hhdata <- read excel ("C:/Users/BK
Joshi/Downloads/canada
training/ram/hhdata.xlsx")

View (hhdata)

hhdata<- as.data.frame (hhdata)# converting

imported excel data into R data frame
rownames (hhdata) <- hhdatal, 1]
#Assigning row names from 1st
column

hhdata[,1] <- NULL #Removing the
first column
hhdata


http://stat.ethz.ch/R-manual/R-devel/library/base/html/as.data.frame.html

Vegan for Estimating Agrobiodiversity Indices (ABI)

17/24

Diversity estimate

S=apply (hhdata>0, 1, sum)
S

library (vegan)

S <- specnumber (hhdata)
diversity (hhdata)

help (diversity)

diversity (hhdata, index="simpson")
diversity (hhdata, 1ndex="shannon”)
Pielou’s evenness (J)

J = diversity (hhdata, index
="simpson”) /log (S)

barplot (swi)

cor (swi, simp)

Also see the function anosim

Ritudio
File Edit Code ‘iew Plots  Session Build  Debug Profile  Tools  Help
O -0 - 6o ta file/function « Adding -
@ Bxercise_Diversity.R
Source on Save | O /- *Run | %

23

24 data(BCI.env)

25 BCI.env_new<-chind(BCI.env,SimsponIndex,Richness)

26 plot(BCI.env[c(1:2)], cex=Tog(pCI. env_new$Richness))

27

28 data(BCI)

29 H < diversity(BCI)

30 simp <- diversity(BCI, "simpson”)

31 dnvsimp <- diversity(BCI, "inv")

32 ## Unbiased Simpson (Hurlbert 1571, eg. 5) with rarefy:
33 unbias.simp <- rarefy(BCI, 20 - 1

34 ## Fisher alpha

35 alpha <~ fisher.alpha(BCI)

36 ## Plot all

37 pairs(chind(H, simp, invsimp, unbias.simp, alpha), pch="+", col="hTue")
38 pairs(chind(H, simp), pch="+", col="hTue")

39 ## species richness €5) and Pieloy's evenness (1):

40 5 <- specnumber (BCI) ## rowsums (BCI » 0) does the same. ..
41 3 <- H/logls)

42

2630 [Top Level) &

Console  Terminal Jobs
R ORALD.
s IF]) I"IJH. Led ] ERRUAL WHUET THEW Ui aeieeLecyd

» detach("package:Remdr”, unload = TRUE)
warning message:
‘Remdr® namespace cannot be unloaded:
namespace ‘romdr’ s dimported by ‘Biodiversityr’ so cannot be unloaded
» detach("package:Remdrmisc”, unload = TRUE)
warning message:
‘Remdrmisc’ namespace cannot be unloaded:

namespace ‘romdrmisc’ is dmported by ‘Romdr’ so cannot be unloaded
woderachfnackane Rindivareitin™  unlnad = TRIEY

=0

Source =

R Script 5

=0

Environment  History

Connections

Tutorial

# [ P import Dataset + | @) 439MiB | &
R« I clobal Enviranment -

O dune. eny
D Emvironmentaloata

values
absence. focal
ensmodels. file
evall
focal.ensemble. ob..
H

20 ohs, of § varia
4 ohs. of 1 variab

NULL
MULL
NULL
NULL
named nom [1:50] 4

Files Plots Packages Help Yiewer
Ol nstall | (@ Update
Mame Descriptian
aplpack Another Plot Package: 'Bagpl
“surntraryplats, Slider Functi
an Data Analysis Using Regressio
Multilevel/Hierarchical Mode
askpass safe Passward Entry for R, Git
assertthat Easy Pre and Post Assertions
backports Reimplementations of Functi
300
basebdenc Tools for basebd encoding
BAT Biodiversity Assessment Tools
BindiversityR Package for Community Ecol
hit Classes and Methods for Fast
Selections
bited & 33 Class for Vectors of dbit



BiodiversityR for Estimating Agrobiodiversity Indices (ABI)

= |nstall package (see this site for installation guide

https://www.worldagroforestry.org/sites/default/files/users/admin/Installation%200f%20BiodiversityR%202018.pdf)

Load BiodiversityR package

library (BiodiversityR)

BiodiversityRGUI ()

help ("BiodiversityRGUI", help type="html")

R R Commander
File  Edit Data Statistics  Graphs  Maodels  Distributions  Tools Help  BiodiversityR

E Data set; /" Edit data set | |[2) View data set  Model:

R Script R harkdown

R Diversity calculation — X

Sawe result as |Di\.-'ersity.‘| |

Diversity indesx Calculation method

richness

abundance

Simpson

imverselimpson | |jackknife LI

Subset options Output options

one) [ save results

Moisture r

Management sort results

Use r label results

Manure r add plot
j y lirmits:

05
subset: . sytmbal: 1
18 QK | Plot | Cancel | Help |
4

i o i dfusaziy 1x Cal Sadni ado) D maphagd ven TCTETT

R R Commander - |

% 4 obs, of 1 variable

HULL
HULL

File Edit Data Statistics Graphs Models Distributions Tools Help | BiodiversityR

Community matix

_n Dataset: L’Editdataset |} View data set MJ

R Script R harkdioun

Erwironmental matrix 4
Analysis of diversity ¢

Analysis of species as response ¥

Analysis of ecological distance ¥
Enzernble suitability modelling ¥
Help 4

‘;"& Su

Select community data set.,

Import datasets frarm Excel..

Import datasets from Excel (RODBC)...
Import datasets from Excel2007 (RODBC)...
Import datasets fram Access (RODBC).,
Import datasets fram Access2007 (RODBC)..

Make community data set.,

Wiew community data set

Edit community data set

Check data sets

sarne sites for community/enviranrental..
Replace MAwith 0

Remmove species with zero total abundance..,
Rermove MA from erwironmental data set..

Transform community matrix..,

Weqermite commmunity table

Tabasco community table plat

Beals smoothing

Indicator power


https://www.worldagroforestry.org/sites/default/files/users/admin/Installation of BiodiversityR 2018.pdf

Output and Interpretation

—
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Richness (S): Number of species, landraces, particular traits in household, community,
sites, landrace, etc; quantifies how many different types the dataset has

Shannon index (Shannon diversity index or Shannon Weaver index, H’): includes both
species number and evenness, where a greater number of species increase diversity, as
does a more equitable distribution of individuals among species. High H” is a
representative of a diverse and equally distributed community. H” is strongly influenced
by species richness and by rare specie

Simpson index (D): measure of diversity, which takes into account both richness and
evenness. The value of D ranges from 0 to 1, the greater the value the greater the
diversity. The Simpson index gives more weight to evenness and common species

Evenness (Pielou’s evenness, E): a measure of the relative abundance of the different
species making up the richness of an area. A community dominated by one or two
species is considered to be less diverse than one in which several different species have a
similar abundance. Its value range from O to 1 and 1 is complete equitability.
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https://www.nepjol.info/index.php/NARJ/article/view/3371
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2016. Baseline Survey Report: I. Jungu, Dolakha.
http://himalayancrops.org/project/baseline-survey-report-jungu-dolakha/

2005. Tree diversity analysis. A manual and software for common statistical methods
for ecological and biodiversity studies.
http://apps.worldagroforestry.org/downloads/Publications/PDFS/b13695.pdf

2018. Assessing Agrobiodiversity: A Compendium of Methods.
https://www.researchgate.net/publication/340061632 Assessing Agrobiodiversity A

Compendium of Methods

2007. Statistical analysis for plant genetic resources.
https://www.bioversityinternational.org/fileadmin/ migrated/uploads/tx news/Stati

stical analysis for plant genetic resources 1283.pdf

2011. Numerical ecology with R, https://www.springer.com/gp/book/9781441979766
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R Tutorial: https://www.tutorialspoint.com/r/
Quick R: http://www.statmethods.net/
How to use vegan: https://www.youtube.com/watch?v=sDYPX-CutQOY

Biodiversity. Indices, concepts and R implementations:
https://archetypalecology.wordpress.com/2018/02/20/biodiversity-indices-concepts-

and-r-implementations-in-progress/

R for Biodiversity Analysis Workshop: https://kembellab.ca/r-workshop/
Species richness and diversity: https://www.flutterbys.com.au/stats/tut/tut13.2.html
Agrobiodiversity Index: https://www.agrobiodiversityindex.org/

Getting Started with R for Survey Analysis:
http://www?2.hawaii.edu/~georgeha/Handouts/R Handout Getting Started with R.
html
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Free software that can be downloaded from this link given

1.
2.
3.
4.

R: https://www.r-project.org/

Rstudio: https://www.rstudio.com/products/rstudio/

Vegan: https://cran.r-project.org/web/packages/vegan/index.html

BiodiversityR: https://cran.r-
project.org/web/packages/BiodiversityR/index.html

5. Past: https://past.en.lo4d.com/windows
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