The “mathematics” of Principal Component Analysis (PCA)
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Lecture 21: How many PCA dimensions?
Inferential frameworks for determining number
of axes to interpret and the significance of each
variable on each axis (lots of work on this area).

1%%) determine how many axes to interpret (i.e.,
how many PCs capture correlated variation in the
data?).
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How many principal components? stopping rules for
determining the number of non-trivial axes revisited
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Inferential frameworks for determining number
of axes to interpret and the significance of each

variable on each axis are usually nor performed.

27d) for each significant axis, determine which
variable is significant on each of them.
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GIVING MEANINGFUL INTERPRETATION TO ORDINATION AXES:

ASSESSING LOADING SIGNIFICANCE IN
PRINCIPAL COMPONENT ANALYSIS

PEDRO R. PERES-NETO.' DONALD A. JACKSON, AND KEITH M. SOMERS

Principal component analysis: a complete example

53 sites

28 sites

What is the correlation structure and differences
among streams in terms of their environmental
features?

Depth

Depth variation

Current velocity

Current variation

Substrate composition: Boulder, rubble, gravel and sand
Substrate variation (variance in composition)

Stream width variation (irregularity)

Area

Altitude

e eco:co—

Pedeo R PeresNeto
Patterns in the co-occurrence of fish species in streams: the role
of site suitability, morphology and phylogeny versus species
interactions.
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Correlation matrix

Eigenvalue contribution — the

traditional scree plot -

How much variation (sd and

s0- correlation) each PC summarizes
for the entire data.

Scree plot

Percentage of explained variances

Dimensions

Eigenvector structure (2 first dimensions)

PC-1 PC-2

depth 0.098416371 -0.55557259
DepthVar -0.383072589 -0.26772556
velocity 0.145820452 -0.22434910
VelVar  -0.409585483 -0.15169873
boulder -0.363399847 -0.20189977

rublle -0.204526467 0.50098773
gravel 0.007091107 ©.08935752
sand 0.426264131 -0.09866678
altitude -0.421467330 -0.23396335
area 0.229031867 -0.02477526
irreg -0.165951470 0.09149688
Sedivar -0.203159109 0.41607768
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Eigenvector plot :

Inferential Results

0.01

Component 2 variance: 14.078%, p

Component 1 variance: 30.87%, p=0.01
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Eigenvector plot :

depth
Inferential Results Depthvar
velocity
Velvar
boulder
rublle
gravel
sand
altitude
area
irreg
Sedivar

0.01

Component 2 variance: 14.078%, p

0.098416371 -0.55557259
-0.383072589 -0.26772556
0.145820452 -0.22434910
-0.409585483 -0.15169873
-0.363399847 -0.20189977
-0.204526467 0.50098773
0.007091107 0.08935752
0.426264131 -0.09866678
-0.421467330 -0.23396335
0.229031867 -0.02477526
-0.165951470 0.09149688
-0.203159109 0.41607768

Eigenvector coefficients for
each variable are plotted
and presented as arrows
(i.e., correlation of each
Component 1 varance: 3087%,p-001 variable with each principal
component).
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Eigenvector plot:

Inferential Results

001

Component 2 variance: 14.078%, p

Component 1 variance: 30.87%, p=0.01

interval.

Bootstrap Ratios Component: 1

Bootsirap Ratios Componart: 2

Significant variable contributions are
determined if the eigenvector coefficient
for the variables are beyond the confidence
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GIVING MEANINGFUL INTERPRETATION TO ORDINATION AXES:
ASSESSING LOADING SIGNIFICANCE IN
PRINCIPAL COMPONENT ANALYSIS

PEDRO R. PERES-NETO,' DONALD A. JACKSON, AND KEITH M. SOMERS

Bootstrap Ratios Component: 1 Bootstrap Ratios Component: 2

L
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|

I
— Significant variable contributions are

determined if the eigenvector coefficient
for the variables are beyond the confidence
interval.
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Dim2 (14.1%)

Variables - PCA ejgenvector

structure — much
better plot

1.0-

contrib

Dim1 (30.9%)
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Dim2 (14.1%)

Indivi -PCA i i
ndividuals PC (multivariate) scores

cos2

Dim1 (30.9%)
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[
Dim1 (30.9%)

PCA - Biplot . .
i biplot — Scores and eigenvectors
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Dim2 (14.1%)

Individuals - PCA

[
Dim1 (30.9%)

Using K-means to
establish number of
groups and then
identify them

the PCA plot

Groups
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Further applications and interpretations of
Principal component axes (representing data
in their lower dimensionalities)
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» Variation in personality and fitness in wild
% female baboons

/@D Robert M. Seyfarth™, Joan B. Sik®, and Dorothy L. Cheney®  16980-16985 | PNAS | October 16,2012 | vol. 109 | no. 42
=

Studies of personality in nonhuman primates have usually relied on
assessments by humans and seldom considered the function of the
resulting “trait” classifications. In contrast, we applied exploratory
principal component analysis to seven behaviors among 45 wild fe-
male baboons over 7 y to determine whether the personality dimen-
sions that emerged were associated with measures of reproductive
success. We identified three relatively stable lity di ions,
each characterized by a distinct suite of behaviors that were not
redundant with dominance rank or the availability of kin. Females

19

Study details!

Behavioral and Hormonal Data. Ten-minute focal animal observations (37)
were conducted almost daily using a common protocol. All approaches,
vocalizations, and friendly and aggressive interactions were recorded on
a continuous basis. We also noted all grooming interactions and their
durations (22).

We used seven independent behavioral variables, calculated annually for
each female, to construct the components of personality styles: (i) Alone: the
proportion of focal samples in which a female did not interact with any
other individual (excluding dependent infants) for the entire 10-min period.
(ii) Friendly: the rate at which a female touched or embraced other females.
(iif) Aggression: the rate at which a female behaved aggressively (head bobs,
lunges, chases, bites) toward other females. Because high-ranking females
have more available targets than do low-ranking females, we corrected each
female’s annual aggression rate for the proportion of females who ranked
below her. Thus, a low-ranking female might score higher on ‘aggression’
than a high-ranking one. (iv-vii) Grunts: the frequency with which a female
grunted when approaching (iv) a higher-ranking female who had a young
infant (< 3 mo), (v) a higher-ranking female who did not have an infant, (vi)
a lower-ranking female who had a young infant, and (vii) a lower-ranking
female who did not have an infant.
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Table 1. Loadings of behaviors onto three principal components
C

P G 2:  Component 3:
Behavior Aloof Loner Nice «—— Often post-hoc
Alone 0.14 0.67 —0.32 interpretation
Aggression 0.64 0.04 ~0.06 to each axis is
Friendly 0.03 -0.17 0.76 produced.
Grunting

HR no inf -0.03 071 0.19

HR inf 0.71 0.17 0.30

LR no inf —0.55 034 037

LR inf -0.00 0.10 0.51

Loadings > 0.32 are in boldface (26). HR inf, higher-ranking with infant;
HR no inf, higher-ranking with no infant; LR inf, lower-ranking with infant;
LR no inf, lower-ranking with no infant.

HR = High-ranking females
LR = Low-ranking females
Inf = infant Lo

21
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Table 1. Loadings of behaviors onto three principal components

Component 1:  Component 22 Component 3:
Behavior Aloof Loner Nice
Alone. o1 067 “o:
Aggression 064 o004 006
ol 003 017 076
Grunting
HR no inf oo on 019
HR inf on o 030
o int 055 038 037
wWint 000 010 031

HR no nf, higher ranking with
LR no in,lower ranking with no nfant.

Loadings > 0.32 are n boldface @6). HR inf, higher-ranking with Infant:
LRinf ower ranking with nfant:

Fig. 1. The distribution of scores on three principal components or per-
sonality dimensions. Each point represents scores on Aloof, Loner, and Nice
components (n = 45 females observed for 1-7 y, for a total of 189 female-
years). Colors depict the assignment of a female to a particular personality

The choice of
made using the partitioning around medoids program.
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Mapping the environment of

III

our planet —a very “smal

example
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x ave_prec
55340 8949
55348 6895

55344 5023

304 379
55344 389
54.046 an
54,046 3637
54046 206
54.046 269
52788 w971
52788 5623
52788 264
52788 1847
52788 2120
51564 10816
51564 343
51564 1504
51564 B1s
51564 1556
50373 2693
50373 10813
50373 3143
50373 1361
50373 17

50373 1393
50373 1674
2921 2275
4921 11005
4921 3953
4921 1623

g vl ave Al range At avgtemp seas_temp
21958 370806 2160 38501 1397282505
2.3 472088 20 2631 156611433
34821 3839
23583 w5 1087 aas07 22501
176965 45776 2347930336
4 763 32 1645620728
186163 786 sm 17209
83993 2 5659 205044269
42762 24 51088 2289826965
w7777 1590 50122 1140384238
5 1% 5338 144472439
24992 1 S7626 1478347588
1 355 61686
6919 263 652355 2369093513
720814 a7 40757 1140344238
605359 2000 6611 1044784396
416289 861 52116 1478347588
27667 a1 6612 2054120636
1630 367 60428 2369
60755 122002963
127405 3405 2088 143567702
1756 61505 2555801201
53 5597 2675129128
310328 75 56 2208994202
171078 sa9 B2m 201962208
%6374 163 8676 2206239919
38340 1567 65613 8876086235
1054021 3435 3699 121470365
9.905 931375 1961 8015 208670387
82920 768218 1087 6156 2747363091

14909 geographic cells (110Km by 110Km)

seas_prec

4545921631
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=

Latitude (Lat) and Longitude (Long) at the

centre of geographic cell.

Average precipitation (last 40 years;

avg_prec)

Average actual evapotranspiration (avg_ET,

a proxy of productivity)

4) Average vegetation index (avg_VI)

5) Mean altitude (avg_Alt)

6) Maximum altitude minus minimum
altitude (altitudinal range; range_Alt)

7) Average temperature (avg_temp)

8) Seasonal temperature (annual range in

temperature; seas_temp)

Seasonal precipitation (annual range in

precipitation; seas_prec)

2]

3]
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Percentage of explained variances

Eigenvalue
contribution —
the traditional
scree plot

1 2 3 6 7 8
Dimensions
26
Variables - PCA eigenvector
10- ; structure
0.5- :
| contrib
i , avg prec ! 15

Dim2 (25.5%)

avg_Alt

Sleasitemp

Dim1 (35.8%)
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Dim2 (25.5%)

Dim1 (35.8%)
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ToNg

Variables - PCA 0

Dim2 (25.5%)

Dim1 (35.8%)
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