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ecological context are discussed.

Abstract. The Sweep-Out Component analysis (SCA) is suggested as a method to develop environmental ordination. Com-
parison of SCA ordination (pertaining to environmental data set) and the unrotated PCA and PCA with varimax rotated
ordinations revealed superiority of SCA over PCA in terms of greater mechanical validity, greater correlations with the
original variables, greater parsimony (higher explained variance by the first three components) and a better correlation of the
components with the corresponding vegetational ordination axes. The characteristics and the utility of the SCA model in

Introduction

A variety of formal and informal ordination methods
have been developed in the last four decades and these have
often been reviewed (Orléci, 1978; Whittaker & Gauch,
1982; Greig-Smith, 1983; Jolliffe, 1986, Shaukat & Uddin,
1989). Among the ordination techniques that are frequently
used, principal component analysis (PCA) has received con-
siderable attention in ecological studies (Orléci, 1966;
Bouxin, 1975; Carleton, 1980, Miyata, 1983). Despite cer-
tain inherent weaknesses (Gauch et al, 1977; Clymo, 1980,
del Moral, 1980) it has been shown (Feoli, 1977; Nichols,
1977) that PCA can provide unique, objective and par-
simonious representations that are predictable and ecolog-
ically meaningful. The problems of non-linearity and
discontinuity are largely circumvented when PCA or
variants of factor analysis (FA) are employed for the purpose
of constructing environmental ordinations (Shaukat &
Uddin, 1989). This paper proposes ’sweep-out component a-
nalysis’ (SCA) as an ordination method with particular
reference to an environmental data set. The effectiveness of
the sweep-out component analysis is tested against the more
popular PCA technique.

Methods

The sweep-out component analysis

The proposed method is derived from *sweep-out’ es-
timation procedure described by Atiqullah (1968) and Ati-
qullah & Uddin (1993). Given a set of p-correlated variables
(X1, X2,...,Xp), SCA derives p-uncorrelated variables (Y1,
Y2,..,Yp) by performing sweep-out operation on the disper-
sion matrix S of the data set X. The components of variation

are extracted directly from the derived matrix T which is ob-
taingd as follows:

i) The first row of S is multiplied by the inverse of the first
element s1 and taking the resulting row containing unity as
a first pivotal row.

ii) From every other non-pivotal row of S subtract a row ob-
tained by multiplying the pivotal row by the first element of
non-pivotal rows so that the first column consists of zeros
except unity in the pivotal position

iii) Repeat steps (i) and (ii) on the successively reduced ma-
trices. This would finally result in an upper trianqular matrix
T of the form:

1 ti2 13 ........ tip

1 t23 ........ 2p

T= 1 ... t3p
tpp

The pivotal divisors of the matrix are:

12521
8t =s11; 5%=822-T; etc.

and the coefficients t’s are:

tij=sij / 81

$21Sij .
taj = ( 825 ———s-;ﬂ )Y/ 8 ; j=12,...p

etc.

where 8%, 83,...., 83 are the pivotal divisors in the sweep-out
operation of rows performed on S. The pivotal divisors deter-
mine the variances of the derived variables y; and the sum-
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mation of X variables is related to the weighted summation
of y-variables by the equation:

p P

2 %= 2 Wiy

i=1 =1

where Wj represents the jth row sum of the matrix T. The
sum of variances and covariances contained in matrix S
equals the sum of the weighted squares variation in the
derived variables, as follows:

P p p
Z 2 Sij = 2 WJ2 8,2
i=1 j=1 j=t
The WJZSJZ are the jth sweep-out components and the propor-

tion of the variation explained by jth component is obtained
as

wief s Y Wi

Among p! sets of (X1, X2,..., Xp), each set generating a matrix
T, select the combination which yields the largest sweep-out
components. In practice, the computational effort is con-
siderably reduced by rearranging the successive pairs of vari-
ables and testing for the rank order of the components. The
program SOCA performs the computations automatically.

The data set and its characteristics

The SCA and PCA ordinations were performed using the
environmental data gathered from 22 stands in Gadap area,
Southern Sind, Pakistan (Shaukat et al., 1980). This data set

data of the 22 stands were used to correlate the environmen-
tal axes (gradients) derived from FA and PCA. This data set
was restricted to the importance value index (Curtis & Mc-
Intosh 1951) of 17 well-represented species to avoid the
problem of execessive zero values (Austin 1976). Further-
more, the data set was standardized to standard scores (Noy-
Meir et al., 1975) for use in PCA.

Results and discussion

Fig. 1 shows two-dimensional environmental ordinations
based on SCA, PCA and PCA with varimax rotation. The
ordinations show continuity in soil characteristics and dis-
crete groups cannot be recognized. Despite the difference in
the shape of the two configurations, there is an overall simi-
larity in the ordinations. The correlation coefficient r(D1,D2)
between the corresponding stand distances of SCA and PCA
in the three dimensions ordination space was found to be
0.7230 and the Euclidean distance (D;,D2) was 335.82 in-
dicating close similarity between the ordinations. Table 1
sets out the percentage of total variance explained by the first
three components of SCA, PCA and PCA with varimax rota-
tion. The highest proportion of total variance was explained
by the first component of SCA (74.45%) followed by PCA
(37.51%). The cumulative explained variance for the first

Table 1. Percentage of total variance explained by the first
three components of ordinations based on SCA and PCA.

Percentage of total variance explained

consists of 11 soil variables as follows: 1, soil depth (cm); 2, Ordination :
soil pH; 3, organic matter (%); 4, CaCO3; 5, exchangeable method Comp.1  Comp.2  Comp.3  Cumulative
sodium (ppm); 6, exchangeable potassium (ppm); 7, maxi-  Sweep-out
mum water holding capacity (%); 8, coarse sand (%); 9, fine gﬁf;l‘ﬁfigc"‘ 7445 1223 6.37 93.05
sand (%}); 10, silt (%); and 11, clay (%). Environmental vari- .
ables were used because these are monotonic (James, 1971) Egg;g’:ém 1751 18.84 15.60 775
and the data matrix does not contain excessive zero entries,  analysis
As opposed to vegetation variable (species or other structural Principal
attributes), the environmental variables, to a great extent COQPO."GM 23.63 3553 20.79 79.95
overcome the problem of non-linearity inherent in PCA or (a\r',an);;‘:x
other linear models. The variables were suitably transformed ~ %20
(Shaukat & Uddin, 1989). The corresponding vegetation
a
*g b [ =
1
. . 2
e 2 5. " 0. B '621
2.3.211 19 1".12.22.2}. 5.1)10 17 ¢ 6 3 2
7. 22|16 2. 5+ : " ’ 5]'O el
7%t To T Mg i3 I
& 5 14 636, ! 9-° 1 .19 15
4+ 15" 13 10 20
18 A
Y A7 1 20
18 2 13
l17

F.igure 1. Two-dimensional environmental ordination of 22 stands derived from (a) Sweep-out component analysis, (b) prin-
cipal component analysis, and (c) principal component analysis with varimax rotation.



Table 2. Correlation coefficients between the eleven en-
vironmental (soil) variables with the first three components
of SCA, PCA and PCA with varimax rotation.

Ordination  Variables Components of the environmental
method ordinations
Component I Component 2 Component 3
Sweep-out  Soil depth 0.3897 -0.2154 0.3273
Snaas™ Soil pH 0.7882 0.4877 0.3948
Organic 0.1353 -0.2937 0.1462
matter
CaCOs 0.7570 -0.5566 0.4716
Exchangeable 0.0187 -0.0201 0.0374
a
Exchangeab!e 0.9999 -0.7909 0.7008
Max. water 0.6437 -0.3646 0.9620
holdngg
capacify
?qg?rse sand 0.2750 0.3696 0.2899
Fine sand (%)  -0.0389 -0.5364 -0.2694
Silt (%) 0.2986 0.0892 0.1010
Clay (%) 0.0849 0.4025 0.5889
Principal Soil depth 0.3133 -0.1120 0.3748
anayes ™ Soil pH 0.8699 0.3794 -0.9066
Organic -0.1100 0.3405 0.4720
matter
CaCOs 0.7974 0.4585 -0.1776
Exchangeable 0.7767 0.9423 0.0609
a
Exchangeable 0.8049 0.2996 -0.1733
Max, water 0.7055 -0.6324 -0.0801
holding
capacity
(C%?:;\rse sand -0.4631 0.4797 -0.6893
Fine sand (%)  0.0084 0.2374 0.8869
Silt (%) 0.6783 -0.2931 0.0521
Clay (%) 0.4476 -0.7512 0.1242
Principal Soil depth 0.2255 -0.5161 -0.4752
analysiswith Soil pH 0.4221 07676 -0.6487
varimax Organic 0.1142 0.0599 -0.2169
rotation matter
CaCOs 0.3035 -0.6968 -0.6072
Exchangeable 0.3956 -0.7931 -0.9379
a
llE(xchangcablc 0.3997 -0.7755 -0.5054
Max, water 0.5815 -0.6929 -0.1635
holding
capacity
Coarse sand -0.9336 0.4789 0.1101
‘0
Fine sand (%) 0.5706 -0.0369 -0.2133
Silt (%) 0.4206 -0.6049 -0.0478
Clay (%) 0.9875 -0.5068 0.0571

three axes was also highest for SCA (93.05%) followed by
PCA with varimax rotation (79.95%). To determine the
mechanical validity of the ordinations, correlation coeffi-
cients were computed between the distance matrix of the en-
vironmental (soil) data set and the distance matrices of the
ordination confiqurations r(D,D*). For SCA the value of r(D,
D*) was 0.921 while that for PCA (unrotated) was 0.776 and
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Table 3. Correlation coefficients between the first three
components of PCA vegetational ordination and the first
three components of SCA and PCA environmental ordina-
tions.

Component o
Ordination of envi- Components of vegetational ordinations
method ronmental
ordination  component 1 Component 2 Component 3
Sweep—outt 1 0.5723 0.1001 0.2327
componen
analgsis 2 -0.2668 -0.1003 -0.2355
3 0.3153 0.2918 0.0482
Principal i 0.6202 -0.0428 0.2353
component
analysis 2 0.0926 -0.0779 0.2091
3 -0.2119 0.2595 0.4265
Principal 1 0.2468 -0.0331 0.2961
component
analysis with 2 -0.5593 -0.1279 -0.2051
vanmax 3 -0.4592 -0.1781 -0.1765
rotation

for PCA with varimax rotation was 0.888. Thus, the SCA or-
dination shows the highest mechanical validity.

Correlation coefficients between the 11 environmental
variables and the first three components of SCA, PCA and
PCA with varimax rotation ordinations are given in Table 2.
The first component of SCA and PCA ordinations showed
highest correlation with exchangeable K and maximum
water holding capacity and the low correlations with fine
sand and organic matter while PCA with varimax rotation
showed slightly different results showing highest correlation
with coarse sand but again showed lowest correlation with
organic matter. With respect to the second component, cor-
relations of most of the environmental variables were nega-
tive in both SCA and PCA varimax rotated ordinations.

Correlation coefficients between the first 3 components
of SCA, PCA and PCA (varimax rotation) environmental or-
dinations with the corresponding PCA vegetational ordina-
tions are presented in Table 3. The first and the third
components of SCA and PCA environmental ordinations
yielded high correlations with the first component of PCA
vegetational ordination while in case of PCA rotated solution
second and third components showed high correlations with
the first component of PCA vegetational ordination. The
second component of PCA vegetational ordination in
general, exhibited low (non-significant) correlations with the
components of all the three environmental ordinations.

Both PCA and SCA are based on linear models. The per-
formance of PCA ordinations is known to be affected by the
curvilinearities inherent in vegetation (species abundance)
data sets because of non-linear, presumably Gaussian
response of species along environmental gradients and the
non-linear change of sample similarity with increasing dis-
tance between samples (Gauch et al, 1977; Digby &
Kempton, 1987). Similar drawback is apparently associated
with SCA. On the other hand, the environmental data sets
comprise continuous uninterrupted variables that are mostly
linearly correlated. Thus the problems of non-linearity and
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discontinuity are largely circumvented when environmental
data set is subjected to either PCA or SCA.

The superiority of SCA over PCA was depicted in many
respects: a) The first component and the first three compo-
nents cumulatively explained remarkably greater percentage
of total variance than either unrotated or varimax rotated
PCA. b) The SCA ordination exhibited greater mechanical
validity than did PCA ordinations. c) Higher levels of cor-
relations obtained for individual variables with the first com-
ponents of SCA ordination compared with PCA ordinations.
d) Greater correlation exhibited between the SCA environ-
mental ordination axes and the vegetational ordination axes.
The principal reason for these results in that the greater
proportion of total variation in the data set is channelised into
first few components of SCA over that of PCA, i.e., SCA
gives rise to more parsimonious ordination.

In view of the above findings it is suggested that SCA
provides a preferable alternative model to PCA for the ordi-
nation of environmental or other linear ecological data sets.
The method can also be used for vegetational ordination if
the data set comes from a narrow ecological gradient.
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