Introduction Canoco 5 for Canoco 4.x users

Software for multivariable data analysis and visualization

February 4/5, 2013, Cajo J.F. ter Braak and Petr Smilauer

oo

gwasx—:nmﬁzn
or quality of fife L

Recap:research questions and methods

® Derive patterns and relationships from data

e From field or laboratory

® From designed experiments or surveys

e Many noisy variables, non-linear relationships
® Key methods

1. Dimension reduction (ordination, factor analysis,
multidimensional scaling)

Regression analysis, also non-linear
Combination of 1 and 2 (constrained ordinm?gé_q)’_
. Visualization of results - | S

<

B WN

e ;@"‘ =
5. Statistical testing by permutation \\“’“ \

.
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Ex1: Comparison of three groups by PCA
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Transplant study: van Nood et al. 2012 NEJM
Data: microbiota taxa (Susana Fuentes, W. de Vos)

Ex2: Extension of t-test (1)

Control
K

Colic

0 ® Comparison of
7 two groups by
w RDA

\ ® Horizontal
| (constrained) axis

= difference of
v Control and Colic

- ® Vertical
e (unconstrained)
axis = main
residual pattern

® Correlation with
Crying of babies
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De Weerth et al 2012, Pediatrics
Microbiota (Susana Fuentes, W. de Vos)
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Ex2: Extension of t-test (2)

We see three types of data in this example
®Response data (the main/focal data) :
e Amounts of 33 microbiota taxa
®Explanatory data:
e Treatment, a factor with 2 levels (Control and Colic)
ESupplementary data:
e Crying
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From Canoco 4.x to Canoco 5 (1)

Canoco 4: terms used Canoco 5: terms used in

manual and some help

Sample Case

Species Response
Environmental data Explanatory data
Supplementary data

Supplementary data

Supplementary data

Direct/
indirect analysis

Constrained/
Unconstrained ++++

If you wanted a PCA of
soil properties:

Enter soil data as ‘species
data”:

In output:

species == soil property

Output uses the term you
must define when entering
the data.

Above terms are used in
manual and some help
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From Canoco 4.x to Canoco 5 (2)
Project One analysis Data tables with
analyses
Data from Excel | WCanoImp Integrated
Plotting Canodraw Integrated
Solution in: log and Canoco.sol Analysis notebook
Factors Dummy (1/0) Factors with editing
variables facilities
Factors Define as nominal Automatic: classes
variables in CanoDraw | plotted as centroid
points
Change scaling Redo the whole On the fly with ||
of diagrams analysis! & recreate graph 7|' o
J Accnassym.

Possible roles of data tables

® Response data (main data table)
e to be visualized, perhaps in combination with others
® Supplementary data
e to interpret the response data
® Explanatory data
e to explain the response data
® Covariate data (for advanced users)
e to account or adjust for.

e to enable detection of structure in response after
accounting for the variation explained by these
covariates
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Starting a new Canoco project (1)

B Canoco 5 focuses on research questions on a set of data
® A Canoco 5 project thus consists of

® one or more data tables

® analyses on these data

® Easiest to start a new project with
File|Import project|from Excel... (Alt-F-I-Enter)

@] Edit Window Help

[ New project ... ~BZ20@ 2k kA
&7 Open project ...

onen |

& from Excel ..

& from Canoco 4.x files ...

= Open graph ...

ype
M Save

WAGEMINGE N [NEE B Save as

For quality of fife

Starting a new Canoco project (2)

B Select one or more ® Select the number of
Excel files, here 1 project data tables,
T here 2

Excel workbook file(s) with data for this project:
P30 G e et For
0 2d a2 7. DuneDataxisx

G e
[} _ B [
1 Al Moiks'
2 Samgle 1 28
Asample 2 [_3%]
4 Sample 3 43 . .
5 Simpled 42 Select all sheets with data to be imported
& Sample 5 83 Add files ... Delete P9 ple Edit View Dsest Fo

N3 s =@ |
o0 can | Click to add Excel files to th| |22 dJdava Plants

ol o fot EESCIEEE |V
‘ A B [
ge), which of its sheets contain datat | | B <
2 Sample 1 2.8
3 |Sample 2
4 Sample 3 4.2
. . 5 Sample 4 4.2
® Excel file can contain o

more tha n one Sheet Selected sheet has data in 22 rows and 6 columns

® Each sheet can give Chosen worksheets will define %
>1 data tables B
WAGE?l'l_NIsErT :: m: :%
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Example with data in three Excel sheets

" Select one or more " Select the number of
Excel files, here 3 project data tables,
here 3
Import From Excel Files 5~
Excel workbook file(s) with data for this project:
Cases x explanatory variables.xsx

Cases x response variables.xlsy
Hesponse variables x traits xlee

Import From Excel Files E
Select for each workbook the sheets with import data

Add files ... p -
ElEnvironmental data R [ilIBB Abundance data L

‘ou can Impaort Canoco 5
iles. For each file selectec
age), which of its sheets

Selected sheet has data in Selected sheet has data in
933 rows and 8 columns 933 rows and 105 columns

Cases ¥ explanatory variables.xlsx | Cases x response variahles.xlsx

Use the scroll-bar to navigate to other workbooks:
4 mi 3

Selected workshests will define B 2 profect tables

gwasn—:umﬁzn

Starting a new Canoco project (3a)

H Import From Excel Files: Table 1/2
Give names to YOUR | meotfomBeiisiabe 3
units and va riab|es Table specified here will become the main (primary) data table of this
P9 Ele Edit View et Fon pm]el:t
\EH3R 7
® choose from list or S x k Tableidentty
; ! et A Molst Each observationd Ea meadow -
" start typlng 55@‘"3;1[_—;1 multiple units aré called meadows
4 sample 3 13
° singu|ar then §sms 18 Eacfiyariablejn the table is @~ plant species v
’

multiple variables are called plant species

* p l ura l Table name: Plants
Data Sources

Data for table are @) in a single sheet () split over more sheets
Choose sheet with data:

Environment

Selected sheet has data in 22 rows and 31 columns
|| Data are transposed, with plant species arranged in rows
For numeric data, empty cells are (@) zeros () missing values
RN S This table represents (1) general @) compositional data
e [ Import all plant species as factors
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Starting a new Canoco project (3b)

Give names to YOUR
units and variables

Empty cells: 0 or mis
Data kind is

®General or
®Compositional:

-row sum has meaning

-variables measured on
the same scale (=0 )

The right choice helps to
select suitable methods

uIWAGENINGEN

Import From Excel Files: Table 1/2 @
Table specified here will become the main (primary) data table of this
P9 Ble Edt Wew et Fon project

" |
83 « & Tableidentity
A c
1 A Mois Each observational unitisa meadow v
2 |Sample | 28
8 |sample2 [ 28] multiple units are called meadows
4 [Sample 3 43
5 nple 4 42 . . N .
ample [ Each variable in the table is a  plant species v
multiple variables are called plant species
e Table name: Plants
1 {
Labels 1 Mot
G e E Data Sources ‘ A
ke Syl 350 Data for table are @) in a single sheet () split over more sheets
R3  Sample3 430
R4 Sawpled 420 q 5
B s 6D Choose sheet with data:
RE  Sampled 4.0
R2 Swgh? 280 Plants ]
R Sample8 4.0 i
e R Environment

Selected sheet has data in 22 rows and 31 columns
|| Data are transpgsed, with plant species arranged in rows

For numeric data, @ ells are (@) zeros () missing values
This table represen®**™ general (@ compositional data

[~ Import all plant species as factors

Starting a new Canoco project (3¢)

Default kind:
® first data table -

Compositional (e.g.
species data)

B | ater tables -

General (e.g. env.
data/ study design)

Cannot do DCA or
transformation on all
columns (e.g. log) on a
General table

Kind can be changed in
table tab

uIWAGENINGEN

Import From Excel Files: Table 1/2 @
Table specified here will become the main (primary) data table of this
P9 Ble Edt Wew et Fon project

" |
83 « & Tableidentity
A c
1 A Mois Each observational unitisa meadow v
2 |Sample | 28
8 |sample2 [ 28] multiple units are called meadows
4 [Sample 3 43
5 Sample 4 42 . . . -
ample [ Each variable in the table is a  plant species v
multiple variables are called plant species
e Table name: Plants
1 {
Labels 1 Mot
G e E Data Sources ‘ A
ke Syl 350 Data for table are @) in a single sheet () split over more sheets
R3  Sample3 430
R4 Sawpled 420 q 5
B s 6D Choose sheet with data:
RE  Sampled 4.0
R2 Swgh? 280 Plants ]
R Sample8 4.0 i
e R Environment

Selected sheet has data in 22 rows and 31 columns
|| Data are transposed, with plant species arranged in rows

For numeric data, empty cells are (@) zeros () missing values
This table represents ¢ general (@) compositional data

[ Import all plant species as factors
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Starting a new

Canoco project (4)

Names of row and
column items:

-none

-short names (8 chars)

-full names (long)
-both

gwasx—:umﬁzn

cel Files: Table 1/2 =3

@ Specification of the table 'Plants' continues here

Excel cell areas with data
~ The meadows (and plant species names) are

inrows [ B o 2 =:
] the plant species (and meadow names) are

in columns A = to AE

Preview of the selected cell area:

A B \ & [ D «
! 1 Achillea millefolium Agrostis stolonifera Aira prag |
G : - |
o 2 Ach mil Agr sto . Airpr
5 3 1 =
2 4 2 3 |
2 5 3 4
> = I
0
"‘ 20 |18 |
271 19 ¥
<« |m »
Labels Import

meadow names are Ishort (up to 8 characters) only ]

plant species names are Ibuth full and short, in this order ]

Starting a new Canoco project (5)

Result: two project data tables (Plants and
Environment) and offer for starting analysis

Data tables:

Plants | Environment

you can n
- View Rs
- Edit R
- Copy it
- Export EW

- Change it
kind/name etc. | &

gwasx—:umﬁzn

c1 c2 c3 c4 cs5 o6 c7 c8 ca cio
Labels  Achilea mi Agrostis st Aira praecs Alapec ho Chenopods Cirsum an Eleochans
1 1
2 3 2 3 4
3 4 7 2
4 8 2 2 3 2
= 2 : . i . =
5 2| Introductory Analysis =%~}
; 21" Do you want to setup quickly a starting analysis for your project? 7
9
10 4
1
12
13
" L 4
15 5|
e If 50, select analysis type and dick Yes button: 5
17 2| @ unconstrained ordination of plant spedes, environmental variables projected
18 constrained ordination of plant species, using &l environmental variables
19 constrained ordination of plant species, with selection of environmental variables
20 4
| Show this dislog box after each suitable project import
Yesoo | No Help ]
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Starting a new Canoco project (6)

Accepting the offer and all default ch

oices leads to

Qms-wdyskummmdwpphus]
G File Edit Project Data Analysis Graph Window Help

0 @i B (78| 2 || Whole Page

-Summary of DCA
analysis

Project: Dunelntro.cSp

Data tables:

Table
Plants

—TWO g ra p h s Cases Vars Type o
20

nt

30  compos. T
I

Save your

project! e

Unconstrained-suppl-vars

® File Save.. or
| Ctrl-S

-MZ209 U 2y
Summary Graph 1 Graph 2
Analysed Data Summary

Cases: [20 meadows
Response vars: [30 plant species
Supplementary vars: |5 environmental variables [DF=7]

Summary of Results
Method: DCA with supplementary variables

Total variation is 2.11526, supplementary variables account for 55.7%
(adjusted explained variation ks 29.8%)

Summary Table:

Slakistic Axis 1| Ais 2| Acis 3 Axis 4
e —
Explained varlation {cumulative) 25.34 38090 4275 45.03

370 312 131 148
.TN).B340 0.8748 0.8051 0.B070

u.WAGENINGEN

Species-environment correlation

Starting a new Canoco project (6)

Accepting the offer and all default cho

ices leads to

Qms-wdyskummmdwpphus]
G File Edit Project Data Analysis Graph Window Help

0 @i B (78| 2 || Whole Page

-Summary of DCA

Project: Dunelntro.cSp

analysis

Data tables:

—TWO g ra p h s Cases Vars Type o

20 30 compos. T

To view the data again, click Plgn’_c_s_ : '

Save your

project! e

Unconstrained-suppl-vars

® File Save.. or
® Cntr-S

New oo Modify ... | | Re-enalyze

u.WAGENINGEN

| Hide |

-MZ209 U 2y
Summary Graph 1 Graph 2
Analysed Data Summary

Cases: [20 meadows
Response vars: [30 plant species

Supplementary vars: |5 environmental variables [DF=7]
Summary of Results
Method: DCA with supplementary variables

Total variation is 2.11526, supplementary variables account for 55.7%
(adjusted explained variation ks 29.8%)

Summary Table:

Slakistic Axis 1| Ais 2| Acis 3 Axis 4
u..-,:nw 0.2860 0.0814 0.0481
Explained variation (umulative) ¥5.34 3890 4275 4503
Gradient length 370 312 131 148

Pepudo-canonical comrelation (suppl.) 0.8%99 0.8748 08051 08070
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Inspecting a graph with Describe Contents

(= E IR &) woeree -~ 20O 2
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—
5 Manure

-0.5

Describe Graph Contents =5

[Plant species diversity diagram, axes 1
and 2

This diagram can be used to describe the
changes in plant species diversity across
the meadows in ordination space, with
aptional interpretation using
enviranmental variables

| »

Score scaling is focused on meadow

scores (Hill).

There are three types of scores in this

plot. Following text describes how to
|interpret them separately and in their -

ok |[ Hep | [ cony

All scores are available too:

No separate Canoco.sol file anymore

Edit | Settings | Canoco5 Options:
e Uncheck Show brief version of notebooks with ...

Canoco Options
General

— Terms and Templates
Variable Terms

Case Terms
i Variable Labels
H Ide/S hOW Case Labels == Disl | Brief version does not show the case and variable scores producg
; ; — Data Sheets 7] Offer i Canoco engine
ana Iys IS glves: Actions Canoco configuration
Attributes

=X

Presentation Options

Show Analysis Setup Wizard in Quick mode
@ ow brief version of notebooks with analysis results

Summary Log Cases | RespVars SupplVars  Graph 1  Graph 2

Resp.1 Mz:ma Resp.4 RespW RespN2 Tol.i Tol.2 Tol.3 Tol4 Tol4

Achillea millefolium [0351l -0 8S70_-N KRAT -0 18A1 160000 60952 13641 10130 1 2816 07240 138.6271
Agrostis stolonifera | 34 Positions of response variables (e.g. species) on ordination axes. In linear 4. 785¢
Aira praecox | 07E methods represent regression coefficients, in unimodal methods represent the |4.487:z
Alopecurus geniculatus | 3.0 "species optima” 6.824(
Anthoxanthum odoratum -0.5 " -0. A i . . " ; . 4.260¢
Bellis perennis | 1.0092| 0.5036 -0.9428 -0.5007 13.0000 5.8276 0.6525 0.6176 1.4455 1.0899 101.052:
Bromus hordaceus | 0.5673| -0.4497 -2.3301 0.2091 15.0000 4.5918 0.8303 1.3136 2.6773 0.3196 155.602%
Chenopodium album | 3.0359 1.3324 -2.3487 -1.8633 1.0000 1.0000 0.4963 0.0526 2.8354 1.8633 171.466¢

Cirsium arvense

2.1552 2.0161

-4.5330 2.2143  2.0000

1.0000 0.1464 0.9517 4.5330 1.7246 247.232¢

06/02/2013
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Canoco 5 Quick wizard mode | 5

Pl or Edit | Settings | Canoco5 Options:
Uncheck Show Analysis Setup Wizard in Quick mode

Canoco Options

; General Presentation Options
— Terms and Templates
= p $how Analysis Setup Wizard in Quick mode

X

. ~Variable Terms

| .Case Terms |~ | Show brief version of notebooks with analysis results
i i-Variable Labels || Display tooltips in dialogs and wizards
*-Case Labels

Offer introductory analysis for imported project

é Data Sheets

For:
Weighting/deleting cases and response variables

Defining interactions between explanatory variables
(can also be done in the data table, click two columns)

Covariate and supplementary variable page

uIWAGENINGEN

Adding a new analysis to the project (1)

e Canoco 5 - [Dunelntro.c5p]
ES File Edit Project Data Analysis Win

GEELI - IS

Project: Dunelntro.c5p

®New... (under Analyses) or

Data tables:
Table cases vas e ~| WAnalysis | Add new analysis | Canoco
Pants 20 30 wompos ~  Adviser... (Alt-A-A-Enter)

4 m » |
Addtable | | Delete tave || @ Canoce 5 - [Dunelntro.cSp]
- B File Edit Project Data Window Help
DecE PR - Ry —

[ 7 Project: Dunelntro.c & Settings . 4 Customized ...
Unconstrained-suppl-vars R Re-analyze W Copy active ..
Data tables: * Hide #Import ...
- /\ Clear &
Table Cases Vars | x pelete el
4
I:Iants 20"' S ® Close analysis notebooks 8
= T RS 5 2
: New ... } [ Modify ... ‘ iRe-anaIyze]

| HW[Cleate new analysis in this ploje-:t]

gty

06/02/2013

11



Adding a new analysis to the project (2)

Se | ect: Canoco Adviser: Create New Analysis E

Select data tables that can participate in suggested analyses

v | Plants (plant spedies composition of meadows)
v | Environment (environmental variable values of meadows)

1. Tables

2. Focal table

Environment (environmental variable values of meadows)

Canoco Adviser: Create New Analysis

Select the analysis to be created:

3. Template for
analysis

= Standard Analyses
[ Compare-constrained-unconstrained (plant species ~ el
[ Interactive-forward-selection (plant species ~ environm
[ Test-constr-axes (plant species ~ environmental variabl
[ Unconstrained (plant species)

<« | i |

gwasenmﬁzn

Adding a new analysis to the project (3)

I Adviser: Create New Analysk ﬁ
Seledt the analysls to be created:

1 standard Analyses
[ Compare-constrained-unconstrained (plant spedies ~ environmental variabl
& Constrained (plant species ~ environmental variables)
[ Interactive-forward-selection (plant species ~ environmental variables)
[ Test-constr-axes (plant spedes ~ environmental variables)
[ Uncenstrained (plant spedies)
[ Unconstrained-suppl-vars (plant spedes ~ [environmental variables] | *)
 variation Partitioning Analyses . q
& Advanced Constrained Analyses | Alphabetic list of
i Specialized Analyses temp|ates
& Handerafted Analysis
(@ Create customized
[ Import Canocod .CON file

3. Select
template

-double click on
bold terms to
fold/unfold

(Can enlarge
dialog window
to see all)

4 LU b

In the selected analysis, you would ...
... summarize the part of the variation in plant species composition explained -
by environmental variables

Canoco Adviser suggests these analyses based on the tables selected earlier.
In addition to Adviser suggestions, you can create an analysis manually or
import it from Canoco 4.5 CON file. Both possibilities are under the heading
Handecrafted Analyses.

) (<[] [ o

gwasenmﬁzn
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Adding a new analysis to the project (4)

Standard analyses:

® Constrained: response variables ~ predictors
® Unconstrained: response variables

response variables ~ [supplementary
variables]

® Compare constrained - unconstrained
® Test constrained axes
® Interactive forward selection of predictors

- See also: Summarize effects of expl
variables

See Advanced ... for constrained analysis with covariates

gWAGENINGEN

Adding a new analysis to the project (5)

Standard analyses:

Ordination method

Method Linear Unimodal
Unconstrained PCA CA (DCA)
Constrained () RDA @ CCA

PCA: Principal component CA (DCA): Correspondence
analysis analysis(Detrended)

RDA: Redundancy analysis =~ CCA: Canonical
correspondence analysis

gWAGENINGEN
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Adding a new analysis to the project (6)

Test or Explore Predictor Effects

) Not performed () Forward selection of expl. variables
(") All constrained axes test (@) Summarize effects of expl. variables
() First constrained axis test

( :j'l Both above tests performed

Permutation Test Parameters

@ Unrestricted permutations Number of permutations: 499

() Time series or linear transects

Random number generator seeds:
() Rectangular grids 23239 and 945

() Hierarchical design Blocks defined by covariates

() Rezd from file [ | Leverage correction of residuals

Disable random shifts from mirror

gwasn—:umﬁzn

From Canoco 4.x to Canoco 5 (3)

Canoco 4 Canoco 5

Automatic forward selection Summarize effects of expl.
variables
Manual forward selection Forward selection of expl.
Variables (or via specialized
template)
Terms in result:
Marginal effect Simple effects
Conditional effects idem
lambda-1 and -A Explains %
F-value Pseudo-F
P-value Added: P(adj) for multiple

testing correction or false
discovery rate (FDR)

gwasn—:umﬁzn
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Summarize effects of expl. variables.

Dune meadow data
® Plant species ~ Environment (CCA)

Term Effects Term Effects

P values correction: |False discovery rate ¥ P values correction: ||:a|se discovery rate ¥ ’

Simple Effects

Conditional Effects

Name Explains % pseudo-F P P(adj) ‘
0.008

Moisture 19.4 4.3 0.002
Management.NM 12.2 3.0 0.002 0.008
A1 horizont 6.7 1.7 0.06 0.16

uIWAGENINGEN

- - ZlnrilEies False discovery rate
Name Explains % pseudo-F P P(adj) Copy ‘ Name gxHolm correction
Moisture 19.4 4.3 0.002 0.016 Molsture 1 Bonferroni correction
Management.NM 15.0 3.2 0.004 0.016 - - o
Manure Amount 11.3 2.3 0.016 0.04267

=

Forward selection of expl. variables

Forward Selection Step =5
Candidate Terms
Name Contribution % F P P{adi)
® Color code for S|gn|f|cance Management.NM 27.0 3.2 0.004 0.016
Manure Amount  20.3 2.3 0.016 0.04267
. . Al horizont  19.1 21 0032 0.064
® FDR teStIng On—lll’]e, but Management.SF  16.7 18 0058 0.0028
. . Management HF  12.5 14 017 0.22667
only for viewed variables Monagement B 11.9 13 0228 026057
) ) ) Use Type 109 12 0294 0294
(] Tlp: increase window o o .
Test | mdude | [ stop | | hep

size to get correct
FDR

Include whole factor

Term Contribution

All considered variables explain together 55.7% of total variation
Out of this variation, the highlighted term would contribute 34.9%

Selected Terms

Order Mame P Pladj)

uIWAGENINGEN

P values correction: ;False discovery rate ":

06/02/2013
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New: Canoco Adviser

On the basis of the data properties the Adviser suggests
® ® Transformation and standardization of variables

c5 ‘ c6 | [c7] | [c8] |
Manure Amount [PO4]
right-click on top-left cell 4
. — 2 100
in data sheet 2L
4 1

Or use 2 923
Data | Default Ganocos Ex
transformation and Log transformation is suggested by Canoco Adviser for

1 environmental variable. After you close the Variable
Transformations dialog, suggested transformations will
be stored and used in the analyses.

|| Do not show this dialog again

[ ok || Hep

gWAGENINGEN 2 n

New: Canoco Adviser

On the basis of the data properties the Adviser suggests
" B Transformation and standardization of variables

® Common analyses via templates

® Choice between Linear and Unimodal

Ordination method

Method Linear Unimodal
Unconstrained PCA CA (DCA)
Constrained () RDA @ CCA
Response data are compositional and have a gradient 3.7 SD units long, -
so unimodal method is suggested, but linear one would be also a good Re-advise
choice i

gWAGENINGEN
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New methods in Canoco 5 (1)

® Variation partitioning

B Distance-based methods

® Co-correspondence analysis

® Trait-based analyses

® Principal response curves (PRC) [via dedicated template]
® Generalized linear models (GLM) with permutation tests

(next two were available in CanoDraw 4)

® Response curves (GLM/GAMs with one predictor)
® Contour plots (GLM/GAM with two predictors)

gwasn—:umﬁzn

Partitioning

Variation partitioning

Variation Partitioning Results for Two Groups|

Variation Explained

Which part of variation is
due to

(a) Environment
and which to

(b) Management
and which part is
(c) shared?

two or three groups of
variables

gwasn—:umﬁzn

Fraction Variation{adj) % of Explained % of Al DF Mean Square
a 0.30775 50.2 14.5 2 0.20054

b 0.26405 43.1 12.5 4 0.13812

C 0.041408 6.8 2.0 - -

Total Explained 0.61321 100.0 29.0 6 0.18126

All Variation 2.1153 -- 1000 19 -

Copy

Significance Tests

Tested Fraction F By

a 25 0.004
b 1.7 0.002
Copy

Group Members

First Group  |Al horizont

Copy Members

Compared groups are represented by circles in the following
diagram. Lower case letters label individual estimated fractions and
are referred in the summary tables above

First Second
Group Group

06/02/2013
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Distance-based methods

® E.g. from intercity train-time to a map of cities
® PCO/NMDS/db-RDA/Procrustes analysis

Analysis Setup Wizard: NMDS Options (1) @
Setup Non-metric MultiDimensional Scaling (NMDS)
Input Data Table
Table 'Plants’ contains:
(@ data for calculating meadow distances () imported matrix of (dis)similarities
using this distance measure: and the actual values are:
[Bray-Curtis distance ¥ | |distances -
"] Export distances into TSV file: Browse
NMDS Options

NMDS solution based on 3 = axes

Optimize solution by restarting from 0 = | perturbations
of the initial, PCO-based configuration

Stress formula: @type2 (typel
Treatment of ties in distances: (@ primary () secondary

Project plant species as supplementary data

Co-correspondence analysis

Co-Correspondence Analysis = Summary = Graph 2 b

Co-Correspondence Analysis (CoCA) Resu\tsl

Shared case weights are: taken from first table

[ ] HOW are tWO Total inertias:
C0mp05|t|0na| data Beetle counts 3.9883
tables related?

Plant abundances 5.7573

Cross-correlation between CoCA axes:

1 2 3 4

+0.9581 +0.9414 +0.8771 +0.9495

Test on first axis: lambdal=0.2534, P=0.00400

e.g. plant and beetle
communities
Test on all axes: trace=0.9369, P=0.00200

(Schaffers et al. 2008) Groph 1 .

E SCRET a

mECHST.

avmasy FTERONE
caum, peuy| T -
Bnadires poetl 8

e s
- o

caLams, -
axumpanls s aVEEREIE
apea®, | WEUT S necoe
weddseys ey
“rrenost

seuEmRO .

capasny o

gWAGENINGEN
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Trait-based analyses and phylogenetic relations

® Trait averages

® Functional
diversity

® RDA on
community-
mean traits

® 4th corner &
RLQ (via
Expand
occurrences)

® Phylogenetic
corrections

u.WAGENINGEN

[ Species [ Environment ] Traits [ Trait Averages T Functional Diversity ] i
&l cz c3 c4 cs
Labels Polycarpic CHNratio seed mass log SLA height
R1 ACHIMILL polycarp 12.94 -0.876 19.63 2
R2 AGROCAPI polycarp 17421 -1.444. 29.54 21
R3 ANTHODOR  paolycarp 13.778 -0.678 2997 14
R4 BRIZMEDI polycarp 33.69 -0.578 2593 20
R5 BROMHORD  monocarp 16.183 0.305 26.19 12
R6 CAPSBURS  monacarp [ , 15
RT CAREFLAC Import Phylogenetic Tree M F
R8 CAREHIRT polycarp Mame of imported file: =
R3 CARENIGR polycarp C:\Program Files\Canoco5\Sar Brow 15
R10 CENTJACE polycarp
R11 CERAARVE  polycarp Default branch length: 1.0
R12 CERAGLOM  monocarp
R13 CIRSARVE polycarp Terminal items of the tree correspond to: 6
21: g’éggg’é};g -1 ¥ Trem labels in the tree correspond better to: 3
= L (@) short labels () full label

R17  EQUPALU polycarp A — 3%
R18  FESTOVIN polycarp [ ok || concl || hep 16 |
R19 FESTPRAT  polycarp |
R20  FESTRUBR polycarp L 0238 T80
R21 GALIMOLL polycarp 17.856 -0.372 211 4
R22 GALIULIG polycarp 27.043 0772 2963

Principal response curves (PRC)(1)

Template in Advanced...

Requires at least two factors in explanatory data to show up

Canoco Adviser: Create New Analysis

Select the analysis to be created:

[ Unconstrained-suppl-vars (species ~ [design descriptors] | *) -

|2 Variation Partitioning Analyses

|2 Advanced Constrained Analyses

[ Compare-constrained-unconstrained-partial (species ~ design desc

[ Constrained-partial (species ~ design descriptors | design descriptt
[ Constrained-supplementary (species ~ design descriptors + [desig
™ Interactive-forward-selection-covariates (species ~ design descripty
B Principal-response-curves-first-set (species ~ design descriptors)
[ Principal-response-curves-N-sets (species ~ design descriptors)

™ Show-high-leverages (species ~ design descriptors)

[ Test-constr-axes-covariates (species ~ design descriptors | design

| Specialized Analyses
& Handcrafted Analysis
|4 Create customized
[ Import Canoco4 .CON file

4| m |

m

06/02/2013
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Principal response curves (PRC)(2)

® Specify Time and Treatment factors

Analysis Setup Wizard: Principal Response Curves (PRC)

Principal response curves test and display treatment effects that
change across time. Specify here the two factors coding temporal and
treatment effects, respectively.

Further, you should specify quantitative time values corresponding to
individual levels of the temporal factor.

Temporal Factor Treatment Factor
Dose
Week

® Specify time values for horizontal axis (default often

good)

Temporal Factor Levels Translation

Specify numeric time value for each factor level:

Level name | Time va ~

Wk-4 -4 =
Wk-1 =il i
Wk0.1 0.1

Wk1 1 %

gwnﬁsyl.nqz_r_a 4 ‘7”[ | b

PRC diagram: Invertebrates~ treatment.time | time

® Example

Van den Brink & ter
Braak (1999)

gWAGENINGEN
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n . AN . fainitent
' ﬂ\\B N i \@__7 &,
» N\ ~
= b4 e~
R
=
5 PRC.Time 25
Princips| Responsa Cunies
O —ws0 O — dst & — dm2 — ds3 @ — dst

Resp1

Species

©

Graph 1 in Canoco5\Samples\Advanced\PRC.c5p
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Generalized linear models (GLM)

Via
® GLM template
for > 1 predictors
® Graph| Attribute plots
1 predictor:

e Multiple response
curves in single
graph

2 predictors:
e Contour plot

gWAGENINGEN

GLM | Summary

Response variable:

Log Cases

Pardnigr

ExplVars

Expected distribution: Poisson  with log link function
Fitted model deviance: 245.52  with 23 residual DFs
Null model deviance: 1099.3 with 27 residual DFs
Dispersion parameter: 10.56

Parsimony (AIC-like): 351.12

F statistic: 20.214  (DF=4,23)

p(F): <0.00001

Term b SE T p(T)
(Intercept) -5.58977 1.731284 -3.23 0.00371
WaterCon ~ 3.14001 0.5211395 6.03 <0.00001

BareSand 0.0191125 0.2406353 0.08 0.93738
FallTwig  -0.847538 0.1932076 -4.39 0.00021
Refl Lux  0.0837154 0.2033162 0.41 0.68433

Copy Help

Nonlinear response curves via GLM or GAM

[en]
o
-
Fitted Generalized additive models
P
Predictors  (CaseR.1 e dllugu
Distribution  |quasi-Poisson
Link function log
GAM fitted for 12 response variables: 3‘;
Response T... R2[%] F p g
Alopacce s3 637 53.0 <0.0000 -
Alopcune s3 522 357 <0.0000 @
Alopfabr s3 842 130.1 <0.000C 14

oK ” Help ][ Copy

Alopcune

Pl

Alopacce  Alopfabr

gWAGENINGEN =
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GAMs or GLMs with two predictors

G Canoco 5 - [Analysis RDA Standardized] * el =8
@ File Edit Project Data Analysis Graph Window Help :_ ._s. %)
E e ) 7| F T
UeB3R|FE & v -u20 Q2 KA/ Y
Project: DuneBook.cSp 4 Respvars  Explvars = ExplanatoryResponseTable Graph1 Graph2 Graph3 P v
2 oManure
Data tables: sg /0N
o (
W
‘Table Cases Vars Type = A
[Table120 30 compos. ~ \
| Add table ... Delete table ~
2
Analyses: T
:
CCA
RDA Centered
RDA Standardized
RDA All — count of species
O er
<& HF
3 B
[ mew... ][ Modiy... || iyze | i
-1.0 RDA Axis 1 10 O sF
[ Hide ” Clear || Delete |
Scaling focused on plant species scores (standardized) [1.179,0.765]

gwnan—:umﬁzn

Find out how to get a method,eg. GAM (1)

® Help|Help contents (Alt-H-H) opens the help system
® Type GAM in search field, press Enter, gives

? ‘canowin5
8 & = B
Hide Locate PBack Forward Print Options
canowin5
anlen!sl Index‘ §earch‘ Favorites‘ Canoco5 Overview
the word(s) to search for:
_ | | G Welcome to Canoco5 h
| r
— Canoco5 provides context sensitive help whe
I List Topics I I Display l In this overview page, only the introductory {

you see them and need an assistance.

Select topic: Found: 13 e What is Canoco5
e Location Rank o Working with Canoco5
| cAM Options dialog canowin5 1 & {Support for your work
" ® Canoco5 for Canoco 4.5 users
L]

Error g v canowin5 2
GAM estimation failed - nega... canowinb 3
Invalid NF for a GAM nradictar  rannwin/ 4

gwnan—:umﬁzn

How to get more memory available for Can

22



Find out how to get a method, eg. GAM (2)

Look in manual or use on-line help as follows:

® Help|Help contents (Alt-H-H) opens the help system
® Type GAM in search field, press Enter

® Click GAM options dialog

® Scroll down in the help page to find

: Getting Here: You

L] - -
« o when enacifuinn :

where it says:

Use one of the commands in Graph / Attribute plots
submenu (use the Model Options button)

Type: response curves — topic Response curves plot —
Getting Here: use Graph / Attribute plots / <Col-
gwmmmm term> response curves

New methods in Canoco 5 (2)

" Predicted and fitted response values for constrained
methods, via Data | Add new table | Predict..; Alt-d-a-p

® Calibration - predicted explanatory values; imputing
of missing explanatory values on basis of constrained
meth. via Advanced constrained template

® Diversity indices, via Data | Add new table | Statistics;
Alt-d-a-s

® Functional diversity via Alt-d-f
® Indicator values of species for a grouping
® Multiple testing and FDR

® Multi-step analyses and
more...

gWAGENINGEN
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New/better graphs in Canoco 5

Integrated! Graphs require at least one analysis

Graph options: -Edit | Settings (application wide ) AND
-Analysis | plot creation options

® Better name placing in ordination diagrams

Examples of new graphs:

gWAGENINGEN

Ca|ibrati0n Of alfrfOws ﬁ (Graffelman&Van Eeuwijk, 2005)

®E.g. PCAon
Environment data of F
Dune Meadows AN

. Use'
Arrow for Moisture e @ v\._\:\
calibrated S~

1
7
WAGENINGE N [NEE

g i Management automatic expanded to dummies

06/02/2013
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Ellipses and transparent colours

e
Attribute Editor

ph Window Help 1 | =Outine &, Fil | & Symbol | A Font
" =
e L= E ‘ 0 |_?£[ H Symbol properties

Summary ] Graph 1 ] Graph 2 ] Graph 3

I [“lempty Size: 0.008 > units

o .
= 1 17|J] %llecr type from pa\s&ne: N
\ () point (Ccirde () square
ﬁ‘h1 () diamond (cross ()X mark
() up triangle (") down triangle () left triangle
(" )right triangle (") star (@) box
< Ran flay
B;mhirla]pgr 90
Close Apply Help
& — HF
$ I —
gwnan—:ul -0.6 1.0 O — sF
Resources/help
‘I Canoco 5
G Canoco 5
= Canoco 5 Tutorial under Programs 2 Canocos Tutorial
T WinTwins

® Canoco 5 manual: ~500 pp

e Look in WUR Library catalogue to see where it is
available on loan or for sale

® On sale now in tea break from 35€ for 25€
® Support site with Discussion list: www.canoco5.com

® Ask help from Biometris (often me...) English preferred
® Demo and practical

u.WAGENINGEN
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Ex2: Extension of t-test (1)
RDA or CCA: response ~ factor Advice Graphs: ex.3

Control
K

Colic

® Comparison of
two groups by
RDA

w ® Horizontal
(constrained) axis
= difference of
Control and Colic

|
8l |

~N yd

o | m \fertical

De Weerth et al 2012, Pediatrics
Microbiota (Susana Fuentes, W. de Vos)

»l
M (unconstrained)
axis = main

residual pattern

® Correlation with
Crying of babies

From Canoco 4.x to Canoco 5 (4)
RDA or CCA: response ~ factor

Canoco 4

® Canodraw|Project
| Settings

Plot Samp scores even

Project Settings Plot Settings

Contents iAppeaianceI Inclusion Ru\esl Inclu| | General

~Ordination Axes -

" Predictor Selection = =]
— — Plot axes: 1 v 2 >
- |First and second axig
Axes to plot: Flipaxes: [ | =]
Flip axes: [~ Horizontal Plot envelopes for
e "] samples [ phyla

[¥" Plot SAMP scores even for constrained

gWAGENINGEN

+-Phylum Selection

Canoco 5

® Analysis | Plot creation
options (Alt-A-P)

e Use CaseR scores...

Axes selection
Horizontal ~ Vertical

[ factors

Scores display
(: i Use CaseR scores for constrained ED

"] Use case-shift plots

|| Show response variables as symboals in linear m

suppl. variables

s iza factor

06/02/2013
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Canoco 5: partial RDA/CCA
Groups avoid
one variable taking both roles!
Via Advanced '
Constrained ana |yses To define the groups, please select each group in turn
from the following list and move its members from
P . . 'Poal’ to Members' i
Division of variables in poere ";‘"“ e - _
one table in: |
® Explanatory variables
(First group)
® Covariates (Second
group)
Pool: Members:
AlHoriz
Moisture
Mngmnt
Use
Manure
>> |
wAmEN| NG =N EIN

Thank you!

Resources:

WWW.Canoco.com

WWW.Canoco5.com

Overview/Tips/Issues

Mailing list of Canoco
users
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