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Abstract

Multivariate statistics has proven many outstanding advantages and has been used extensively in various
studies in the ecological environment field. They supported ecologists to discover the structure and previous
relatively objective summary of the primary features of the data. In this paper, some important statistical
techniques, including principal component analysis (PCA), canonical correspondence analysis (CCA) and
cluster analysis, are explained briefly. Each of them is also examined by a corresponding case-study. The
PCA is applied to identify and analyze the relationship between mangrove plant communities and soil factors.
Meanwhile, the CCA is put in an application to analyze the relationship between the two sets of species and
soil data, from which to determine the effect of soil on the distribution of dominant species. Finally, cluster
analysis is examined to analyze the similarities among species in the studied area.

Keywords: Canonical correlation analysis, cluster analysis, data analysis, ecology, environment,
principal component analysis.
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Tém tit
Thong ké da bién c6 nhﬁ’ng wu diém vueot tréi va dirge Li"ng dung trong cdc nghién ciru vé sinh thai moi
truong. Phu’ong phap nay hé tro cac nha sinh thai hoc tim hiéu cdu truc va mé ta mét cach twong doi khach
quan vé cdc dic diém co ban cia dir liéu. Trong bai bdo nay, mét s6 ky thudt thong ké quan trong nhu phan
tich thanh phan chinh (PCA), phén tich twong quan chinh tac (CCA), phan tich cum dwoc gidi thich tom tat.
Mbi ky thudt phén tich dwoc khao sat boi nhitng nghién ciru iing dung dién hinh. PCA dp dung dé xdc dinh
va phan tich moi quan hé gitta quan xa thiee vit ngdp man va cdc ddc tinh thé nhuong. CCA img dung phén
tich quan hé giita lodi va dat nham xdc dinh anh hieong cia dat dén sw phan bé cdc lodi wu thé. Phdn tich
cum véin dung dé phan tich si twong dong ciia cdc lodi trong khu viee nghién ciru.
Tw khéa: Phdn tich twong quan chinh tac, phan tich cum, phan tich dir liéu, sinh thai hoc, moi truong,
phan tich thanh phan chinh.
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1. Introduction

The multivariate analysis is well-known
as a comprehensive and structured explanation
of how to analyze and interpret data observed
on many variables (Bui, 2018). However, the
application of these methods in the field of
ecological environment is still limited. From
the ecological point of view, an organism is
synthetically affected by a complex set of
combination of many environmental factors.
Among them, the relationship between species
and environmental factors follow the Shelford's
law of tolerance and it is not completely
linear relationship (Pausas & Austin, 2001)
(Figure 1). Therefore, the survey data in natural
ecosystems shows both the presence (quantified
by the number of individuals) and the absence
(number of individuals equals 0) in the surveyed
standard plots (Jan Lep”s & Petr"Smilauer, 2003).
Accordingly, using traditional univariate linear
analysis to discover the relationship between
environmental factors and the distribution
of species in the ecological studies is not
applicable. Based on these views, the paper
presents multivariate statistical methods applied
in the study of environmental ecology with the
support of Canoco ver. 4.5 and Primer ver. 6.0.
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Figure 1. An example of the ability of three
species to adapt various environmental
gradients (Michael, 2020)

2. Multivariate statistical analysis
methods and case studies
2.1. Principal Component Analysis (PCA)

Principal component analysis (PCA) is a
dimensionality-reduction method often used
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to reduce the dimensionality of large data sets,
by transforming a large set of variables into a
smaller one but at the same time minimizing
information loss (Steven, 2019). This method
groups the analysis objects and helps find out
the main factors that will contribute greatly to
the fluctuation of the data set. PCA finds a new
space in which the coordinate axes in the new
space are constructed so that the variance of
the data on each axis is greatest. The principle
of this technique is quite simple. Firstly, PCA
will find out which direction has the most
fluctuations in the data set. Then, the horizontal
axis will be rotated following that direction
and the vertical axis in the perpendicular
direction. This aimed to reduce variables that
are unnecessary or unimportant factors in the
dataset (Bui, 2018). The PCA method analyzes
the main components, but the two main ones
(PC1 and PC2) are usually selected and will
form a model of new plane in space. This plane
is a multi-dimensional spatial window (Figure 2)
and each observation can be projected onto this
plane corresponding to each point. According
to Clarke & Gorley (2006), PCA in PRIMER
is an ordination, in which the dimensionality
of a dataset was reduced, while preserving as
much ‘variability’ (i.e. statistical information)
as possible. The samples are regarded as points
in multidimensional variable space projected
onto the most appropriate plane selected. The
researchers can select the number of principal
components (new axes), and 2-dimensional
or 3-dimensional plots of any combination of
these PC’s will be presented. PCA has many
applications, but the common application in
ecological environment studies is to analyze and
describe the relationship among environmental
factors, the impact of environmental factors on
different communities, as well as relationships
among species in the natural ecosystem.
Besides, this method can be classified into
antagonistic organism groups, low antagonists
and strong antagonists (Bui, 2018; Jan Lep™s &
Petr"Smilauer, 2003).
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Figure 2. The graph for the new plane model in space by PCA (Kevin, 2020)

As a case study, we applied the PCA
technique to identify and analyze the relationship
between mangrove plant communities and
soil factors in Con Trong, Ngoc Hien district,
Ca Mau province. The data sets included
mangrove species components recorded in
43 plots; along with environmental variables
such as pH, salinity, nitrogen, phosphor and
potassium in soil. The results have determined
the correlation coefficients in two axes PC1 and
PC2 in PCA (Figure 3). In particular, soil pH on
the 1% layer (0-20 cm) and the 2™ layer (20-60
cm) were important factors affecting the PC1
axis (with coefficients of -0.443 and -0.475)
followed by nitrogen and salinity in the 2nd
layer (coefficients are -0.373, -0.424, and 0.366).
Phosphor and potassium in the 2" layer and
salinity the 1% soil layer affected the PC2 axis with
coefficients of -0.580 and -0.499; 0.341; 0.329,
respectively. Taking into account these results,
the mangrove communities in Con Trong were
divided into 2 groups according to the influence
of the soil properties. The 1% group consists
of communities with the dominant species of
Rhizophora apiculata Blume, Avicennia alba
Blume, Bruguiera parviflora (Roxb.) Wight and
Arn. ex Griff., was mainly influenced by soil
pH, nitrogen, and salinity in the 2™ soil layer.
The 2™ group included the mixed communities
R. apiculata and A. alba, and the community in
which R. apiculata was the dominant species.
These communities were affected by some factors
such as the content of phosphor, potassium in the
2" soil layer and salinity in the 1* soil layer (Lu
et al., 2018).
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Figure 3. The PCA graph shows the relationship
of mangrove plant communities and soil
properties. pH: soil acidity; P: phosphor;
K: potassium and Sal: salinity; 20: the 1* soil
layer (0-20 cm); 60: the 2" soil layer (20-60 cm)
(Lu et al., 2018)

2.2. Canonical Correlation Analysis (CCA)

Canonical correlation analysis is a
multivariate statistical model. It is used to identify
and measure the associations among two sets of
variables X and Y. This method formulates a set
of canonical variables and does not distinguish
between independent and dependent variables.
From X and Y, the CCA will generate the first
two canonical variables W1 and V1, respectively.
The results of the CCA will prove the closed or
non-closed relationship between the two sets of
variables X and Y thanks to the square correlation
coefficient of W1 and V1 (Bui, 2018). Besides,
CCA also shows the relationship between
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variables in the same group of variables and
between groups of variables together. Currently,
in studies on ecology and biodiversity, CCA is
applied in statistical analysis to identify and
describe the relationships between species
associations and their environmental factors.
This method is designed to extract synthetic
environmental gradients from environment
data sets. The advantages of CCA graphs
provide sufficient information about the three
objects, namely environmental factors, species
composition, and sampling points (Jan Lep’s &
Petr"Smilauer, 2003).

Another case study aimed to identify
environmental factors that affected the
distribution and diversity of vascular plants
in the opened depression floodplain regions
in An Giang province. The research questions
were: (1) Do the distribution and diversity
of vascular plants vary according to the soil
types in the ecological region of An Giang
province? (2) Which soil properties determine
the distribution and diversity of vascular plants
in the ecological region? The CCA method was
applied to analyze the relationship between the
two sets of species variables (species.dta) and
soil environment factors (soil.dta) to determine
which soil environment variables that would
most affect the distribution of dominant species
on each soil type (Figure 4). Canoco software
version 4.5 was used to extract and visualize the
influences of soil factors on the dominant species
in the studied area (Nguyen, 2020).

Due to the low topography and upstream
position in the Vietnam Mekong Delta, the
opened depression of floodplain is flooded
annually for 3 to 4 months with a depth of
inundation over 0.5 m and is characterized by
heavy acid sulfate soils. This area consists of
three types of soils as acid sulfidic peat soil,
active acid sulfate soil with sulfuric materials
present topsoil layer from 0 to 50 cm (Near acid
sulfate soil), and depth in soil over 50 cm (Deep
acid sulfate soil) (Figure 4). Axis 1 describes

118

the characteristics of near acid sulfate soils and
deep acid sulfate soils. The deep acid sulfate soil
is positively correlated with pHKCI, the amount
of silt and sand but inversely correlated with
the amount of clay, while near acid sulfate soils
have the opposite characteristics. The correlation
scores of soil factors with Axis 1 were -0.817
(clay), 0.774 (sand), 0.956 (silt) and 0.999
(pHKCI). On Axis 2, the representation for acid
sulfidic peat soil is positively correlated with
porosity (correlation score of 0.933). The soil
properties of high pHKCI, silt and sand affected
the predominant distribution of Melastoma affine
in deep acid sulfate soil. The soil characteristics
of low pHKCI, silt, sand and high clay affected
the abundance of Melaleuca and Elaeocarpus
hygrophilus, so they appeared predominantly
in near acid sulfate soil. Correlation scores
were -0.964 for Melaleuca cajuputi, -0.907
for Melaleuca leucadendra and -0.897 for E.
hygrophilus. The habitat of Eleocharis genus was
affected by pHKCI. Eleocharis dulcis positively
correlated pHKCI (0.981), so it dominated in a
deep acid sulfate soil. Eleocharis ochrostachys
positively correlated pHKCI (-0.906), so it
dominated in a near acid sulfate soil.

(@) (]
- Acid sulfidicpeat soil /Porosity

Clay

Fimmil
— b LR Ludpro
X Agecon Sesiay Acaaur
™ Lepchi/ *9™ & Eyccam
8 Mellew g1 rysaty,  Melaff _pHKCI
(\\l/ Eleoch Mitses NLledul Eleind
Near acid sulfate soil )
P . "Elahyg Com
X Deep acid sulfate soi
< ilt
Sand

o
Aul
: + +

-1,0 Axis 1 (73,7%) 1,5

Figure 4. The effect of some soil properties on
predominant woody and herbaceous plants in
the opened depression floodplain area
(Nguyen, 2020)
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Notes: The species component:

Melcaj= Melaleuca cajuputi; Melleu=
Melaleuca leucadendra; Elahyg= Elaeocarpus
hygrophilus, Sesjav= Sesbania javanica,
Melaff= Melastoma affine,; Eledul=Eleocharis
dulcis;, Eleoch=Eleocharis ochrostachys,
Ludpro=Ludwigia prostrata, Fimmil=
Fimbristylis miliacea,; Eleind=Eleusine
indica; Ipoaqu=Ipomoea aquatica;
Altses=Alternanthera sessilis; Lepchi=Leptochloa
chinensis;, Agecon=Ageratum conyzoides,
Comdiff=Commelina diffusa.

Table 1 shows the eigenvalue decreasing
from Axis 1 to Axis 2, of which 73.7% of
explanatory variables for Axis 1 and 26.3% for
Axis 2. The Pearson correlation coefficients
between dominant species and some soil
properties in Axis 1 and Axis 2 are 0.940 and
0.607 (p<0.05), respectively. The Monte Carlo
test results showed that the factors of sand, silt,
clay and pHKCI have significantly affected
the distribution of predominant woody and
herbaceous species in acid sulfate soils (Nguyen
Thi Hai Ly, 2020).

Table 1. The results of CCA on the relationship between plant and soil

Axis 1 Axis 2
Eigenvalue 0.633 0.226
Cumulative variance of species-soil relation (%) 73.7 26.3
Pearson correlation, species-soil relation 0.940 0.607
Monte Carlo test (P-value) 0.002 0.003

2.3. Cluster analysis

To convert the raw data into scientific
information, the researchers need to apply the
methodology for simplifying data. In statistics,
there are two common methods to simplify
data: factor analysis and cluster analysis.
The factor analysis involves aggregating
relevant variables into factors. In contrast,
cluster analysis classifies groups of related
objects into a representative group of an
environmental variable. This analysis method
will be effective when objects in the same
cluster are closely related and different from
other clusters. In the ecology field, cluster
analysis is commonly applied to analyze the
relationship between species that present in the
same ecological environment. Scientifically,
the cluster technique will classify species that
appear together and have a relatively equal
number of individuals into the same group.
Based on the individual data of each species
in the survey plots, this method will create
a distance matrix. Species' medium distance
is smaller than that of other species and is

classified into one group. The species with a
large average distance will be split into other
groups (Bui, 2018). Cluster analysis results in
a tree diagram that shows the sample groups
at different similarities when using Primer
software (Clarke & Gorley, 2006). Figure 5
clearly reveals the division of species groups
at different levels of similarity in Mui Ca Mau
National Park by applying cluster technique
to analyze the number of individuals and
mangrove species composition. The similarity
coefficient between A. alba and R. apiculata was
63.25, indicating a close correlation between
these two species in the studied area. At the 40%
similarity, the branching diagram has a group of
two species of X. granatum and B. cylindrica
and the group of three species R. apiculata, A.
alba and B. parviflora. At the 20% similarity,
only two species appeared independently S.
alba and X. granatum. Cluster analysis results
showed the distribution of some groups of
species or the tendency of random occurrence
of'some other species in the same environmental
conditions in the studied area.
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Figure 5. Cluster analysis of mangrove species in
Mui Ca Mau National Park

3. Conclusion

The multivariate analysis techniques
including PCA, CCA and Cluster analysis show
many advantages such as thorough exploitation
of data, comprehensive and objective analysis
results. Therefore, the application of these
into data analysis would help statistical data
processing be fast, efficient and accurate.
The reliable results from the case studies
have demonstrated the effectiveness of the
multivariate analysis techniques applied in
ecological environment field. These results might
be considered as a scientific basis for researchers
to make the right and rational judgments and
thereby proposing appropriate solutions in the
use and management of the environment as well
as biological resources.
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