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Abstract: The analysis of beta diversity (inter-habitat diversity) of very species-rich and incompletely sampled tropical
arthropod communities requires the choice of appropriate statistical tools. The performance of the three commonly
employed ordination methods, correspondence analysis (CA), detrended correspondence analysis (DCA), and nonmetric multidimensional scaling (NMDS), was compared on a large empirical data set of geometrid moths sampled
along an altitudinal gradient in an Andean montane rain forest. Despite the high species richness and incompleteness
of the ensembles, all methods depicted the same, readily interpretable patterns. Both CA and NMDS showed an arch-like
structure, which hints at an underlying coenocline, whereas this arch was computationally eliminated in DCA. For
this particular data set, CA and NMDS both provided convincing results while the detrending algorithm of DCA did not
improve the interpretability of the data. Of the large number of similarity indices available to be used in combination
with NMDS, the binary Sørensen and the abundance-based Normalized Expected Species Shared (NESS) index were
tested. Performance of the indices was measured by comparing stress, a measure of poorness-of-ﬁt in NMDS. NMDS
ordinations with lowest values of stress were achieved by the NESS index with the parameter m set to its maximum
(mmax ). In contrast, ordinations based on NESS values with the parameter m set to 1 (identical with Morisita’s index),
had consistently higher stress values and performed worse than ordinations using Sørensen’s index. Hence, if high
values of m can be achieved in similar data sets, the NESS index with mmax is recommended for ordination purposes
and Morisita’s index should be avoided.
Key Words: arches, beta diversity, correspondence analysis, detrended correspondence analysis, Geometridae,
incomplete sampling, NESS index, non-metric multidimensional scaling, Sørensen index, tropical arthropods

INTRODUCTION
Changes in communities of animals or plants along
habitat gradients have attracted attention since
Alexander von Humboldt’s investigations of altitudinal
patterns in plant diversity in the Andes (von Humboldt
& Bonpland 1807). Whittaker (1972) coined the term
beta diversity (inter-habitat diversity) for the change
of organismic diversity along habitat gradients. Such
gradients offer systems in which complex and speciesrich communities and their responses to environmental
factors can be studied (Körner 2000). Beta diversity of
a variety of organisms in tropical rain forests is thought
to be particularly high on small spatial scales (Gentry
1988, Hammond 1994, Stevens & Willig 2002, Wolda
1996). Tropical arthropod communities pose speciﬁc
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methodological challenges. Two major problems are
(1) that their coverage by sampling is incomplete because
communities are extremely species rich (e.g. Price et al.
1995), and (2) that many species are represented by
only one or very few individuals (Floren & Linsenmair
1998, Wagner 2000). In particular this latter property
of the samples is frequently regarded as a nuisance in
the statistical analysis and interpretation of the data
(Novotný & Basset 2000). Studies on tropical arthropods
which have applied ordination methods are still scarce
(but see Beck et al. 2002, Kitching et al. 2000, Schulze &
Fiedler 2003, Wagner 2000, Willott 1999). Here we focus
on the performance of selected ordination methods and
similarity indices on a large empirical data set in order to
give recommendations on which of these techniques are
most appropriate to use. The data set resulted from lighttrapping of moths of the family Geometridae (Lepidoptera)
in a montane rain forest in southern Ecuador. Samples
are characterized by a very high species richness and
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alpha diversity as well as by incomplete coverage and
a high ratio of rare species (Brehm et al. 2003a). A
detailed interpretation of the beta diversity patterns and
its possible determinants was presented by Brehm et al.
(2003b).
It is often difﬁcult to choose the most appropriate
method from the great number of available multivariate
techniques and similarity indices because no deﬁnitive
guideline exists. Ordination techniques aim to ﬁnd a
parsimonious representation of objects such as sites or
species in a space of low dimensionality (Kenkel & Orlóci
1986). Two-dimensional representations are easiest to
interpret and most readily compared visually ( Jackson
& Somers 1991, Shepard 1974). Unfortunately, no
objective method exists to assess the efﬁciency of different
ordination methods (Kenkel & Orlóci 1986). We focused
our analyses on three commonly employed methods:
the metric techniques correspondence analysis (CA) and
detrended correspondence analysis (DCA), as well as nonmetric multidimensional scaling (NMDS). CA and DCA
can be calculated directly from the original species ×
site matrices, whereas NMDS requires the calculation of
a similarity (or dissimilarity) matrix from the original
matrix. The choice of an appropriate similarity index is
important, since different indices might lead to divergent
results. The Morisita index is almost uninﬂuenced by
the sample sizes unless samples are small (Morisita
1959) and was recommended by Wolda (1981). All
other indices tested by Wolda depended on sample size
and/or species diversity to a varying extent. Later, Wolda
(1983) identiﬁed the NESS index (Normalized Expected
Species Shared; Grassle & Smith 1976) as ‘far superior’
to any other. This index is a generalization of Morisita’s
index and considers that two random samples even
when drawn from the same community are usually not
identical but differ due to stochastic effects. The NESS
index can be adjusted by choice of the sample size index,
m (Grassle & Smith 1976). Therefore, NESS is not just
one similarity index, but rather a family of indices. A
popular and widely used binary index of similarity is the
Sørensen index (Sørensen 1948) that is identical to the
Czekanowski index and closely related to other indices
such as the Bray–Curtis and Jaccard index. It is not based
on species abundances, but on presence–absence data. In
many biodiversity inventories, data often do not exceed
this presence–absence quality. Therefore, we aimed at
assessing as to how strongly ordination results for a highly
complex fauna would differ when relying on this coarser
source of information.

METHODS
Within three ﬁeld periods in the years 1999 and 2000,
a total of 13 938 specimens of geometrid moth repre-
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senting 1010 species were sampled by using portable
weak light-traps (2 × 15 W) in a tropical montane rain
forest in southern Ecuador. The alpha diversity of the
investigated ensembles (terminology according to Fauth
et al. 1996) of the moths was very high with values of
Fisher’s alpha ranging from 69 to 131 and estimated
species numbers reaching up to 400 and more per site
(Brehm et al. 2003a). At single sites, 52 ± 6% (n = 22)
of all species were singletons, i.e. species represented
by only one specimen. The estimated species number
per site, based on the Chao 1 estimator, exceeded the
actual species number greatly by 76 ± 27% (n = 22)
(Brehm et al. 2003a). Geometrid moths are taxonomically
relatively well known (Pitkin 1996, 2002; Scoble 1999)
and are a suitable model group for tropical biodiversity
studies (Beck et al. 2002, Intachat et al. 1997). The study
area is situated within the East Cordillera of the Andes
in Zamora–Chinchipe province (Reserva Biológica San
Francisco, 3◦ 58 S, 79◦ 5 W). A description of the area,
including exact geographical and elevational positions of
all sites, and sampling methods was provided by Brehm
(2002) and Brehm & Fiedler (2003). Specimens were
sampled at 11 elevations (two sites at each elevation). The
lowest sites (elevational level number 1) were situated
at 1040 m above sea level, while the highest sites
(elevational level number 11) were situated at 2670 and
2677 m. The three lowest sampling levels were spaced
at approximately 400 m of elevation, whereas all other
levels had an altitudinal distance of c. 100 m between
each other. Moths were identiﬁed using large reference
collections (Zoologische Staatssammlung, Munich; The
Natural History Museum, London).
We ordinated the samples using CA, DCA as well
as NMDS (based on four different indices of similarity:
Sørensen index, NESS index with m = 1, m = 50 and
mmax = 192). The ordinations obtained were checked for
their representation of the expected altitudinal pattern of
species turnover in geometrid ensembles by correlating
the scores of sites with regard to the ﬁrst extracted
dimension with elevation of the sampling sites (Pearson
correlation coefﬁcient). In order to more precisely assess
differences between non-metric ordinations derived from
different similarity indices by an objective measure, the
behaviour of ‘stress’ in NMDS was investigated. Stress is
a measure that reﬂects the degree of deviation of NMDS
distances from original matrix distances. These distances
can be plotted against each other (Shepard 1974). A line
denotes the best-ﬁt regression while the scatter about
this line is deﬁned as stress (Clarke 1993). Analyses
were carried out at the level of the whole family and for
the seven largest subordinated taxa (Table 2), and with
three of the four similarity measures used for ordination
(Sørensen and the NESS indices m = 1 and m = 192).
All standard statistical methods were performed using
the software package Statistica 5.5 (StatSoft 1999).
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Figure 1. Ordinations of samples of geometrid moths from a montane rain forest in southern Ecuador. (a–c) Non-metric two-dimensional scaling
based on the NESS index, (d) non-metric ordination based on the Sørensen index, (e) correspondence analysis (CA): inertia of ﬁrst axis 18.5%, inertia
of second axis 13.2%, (f ) detrended correspondence analysis (DCA): inertia of ﬁrst axis 18.5%, inertia of second axis 6.3%. Each dot represents
the geometrid ensemble from one site. Numbers from 1 to 11 correspond to altitudinal levels from low (1040 m) to high elevations (2677 m). All
ordinations arrange the ensembles according to their elevational position (see Table 1 for statistics).

The Sørensen and NESS indices were calculated with
a program provided by S. Meßner (Meßner 1996). A
modiﬁed version of the program DECORANA in the
software PC-Ord (26 segments; McCune & Mefford 1999)
was used to perform DCA.
RESULTS
Performance of ordination methods
Figure 1 shows two-dimensional ordinations of NMDS,
CA and DCA of all geometrid moths. All results are
readily interpretable since a gradual structure from site
levels 1 to 11 (i.e. revealing the altitudinal sequence) is
depicted along the ﬁrst axis. In contrast, interpretation of
the second axis or even higher (CA- and DCA-) axes is
questionable for this particular data set (Brehm 2002).
Visually, the CA ordination shows the ‘clearest’ picture.
Among the NMDS ordinations (Sørensen index; NESS
m = 1, m = 50, mmax = 192) the differences are slight. The
extracted scores of the ﬁrst dimension of all ordinations

strongly correlate with altitude (all P < 0.001, Table 1).
This is not only the case in geometrid moths as a whole,
but also for all seven subordinate taxa. Correlations
in the ﬁve smaller taxa investigated are weaker than
in Geometridae, Ennominae and Larentiinae. However,
none of the ordination methods performs better or worse
than the others with regard to the reﬂection of the
elevational sequence. All NMDS ordinations as well as
CA reveal an arch-like structure which was eliminated in
DCA by the detrending algorithm.

Performance of similarity indices
Figure 2 shows two Shepard diagrams for ordinations
of all Geometridae (m = 1 and mmax = 192) after twodimensional scaling. Both results are readily interpretable, but the value of stress with mmax is only half
of that with m = 1. Moreover, the Shepard plot of the
mmax ordination shows a smooth, almost linear relationship (y = − 0.35 + 2.84x, R2 = 0.93, P < 0.0001).
In contrast, distances between sampling sites in the
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Table 1. Pearson correlations between the extracted site scores of the ﬁrst dimension of ﬁve ordinations and altitude. Ordinations: correspondence
analysis (CA), detrended correspondence analysis (DCA) and non-metric multidimensional scaling (NMDS) based on three different measures of
similarity. mmax values for all eight taxa are provided in Table 2. Ennominae and Larentiinae are subfamilies of Geometridae; Boarmiini and
Ourapterygini are tribes within Ennominae; and Eois, Eupithecia and Psaliodes are genera within Larentiinae. All results are highly signiﬁcant and
remain so after sequential Bonferroni correction (all P < 0.001, n = 22 sites).
NMDS (two dimensions)
CA

DCA

Sørensen

NESS m = 1

NESS mmax

Mean ± SD

Geometridae
Ennominae

− 0.94
− 0.92

− 0.97
− 0.97

− 0.97
− 0.96

− 0.96
− 0.99

− 0.97
− 0.97

− 0.96 ± 0.01
− 0.96 ± 0.03

Larentiinae
Boarmiini
Ourapterygini

− 0.95
− 0.89
− 0.95

− 0.95
− 0.94
− 0.93

− 0.94
− 0.95
− 0.90

− 0.89
− 0.93
− 0.86

− 0.95
− 0.95
− 0.89

− 0.94 ± 0.03
− 0.93 ± 0.02
− 0.91 ± 0.04

Eois
Eupithecia
Psaliodes

− 0.89
− 0.86
− 0.86

− 0.78
− 0.96
− 0.73

− 0.96
− 0.86
− 0.90

− 0.91
− 0.88
− 0.81

− 0.93
− 0.87
− 0.90

− 0.89 ± 0.07
− 0.89 ± 0.04
− 0.84 ± 0.07

Mean ± SD

− 0.91 ± 0.04

− 0.90 ± 0.09

− 0.93 ± 0.04

− 0.90 ± 0.06

− 0.93 ± 0.04

two-dimensional ordination based on m = 1 abruptly
increase at NESS distances > 0.9. In Figure 3, stress
values were compared at a range of intermediate m
values, and for the Sørensen index, for one-, two- and
three-dimensional (1D, 2D, 3D) scaling. The results show
two major trends: ﬁrst, stress decreases with increasing
m in asymptotic curves. Major changes occur in the
range from m = 1 to m = 20, whereas changes at higher
levels of m are less pronounced and almost level off at
values of m ≥ 100. Stress in the ordinations using the
Sørensen index has intermediate values (corresponding
to approximately NESS m = 20 in 3D scaling, m = 50 in
2D scaling and m = 70 in 1D scaling). Second, stress is
lower in 3D representations of data as compared with
2D or 1D ordinations. The difference between 1D and 2D

ordinations is about twice as large compared with that
from 2D to 3D ordinations. Hence, little would be gained
from using a three-dimensional ordination compared
with the visually more comprehensible two-dimensional
plots.
Table 2 provides stress values in two-dimensional
scaling for eight taxa. Only in the three largest groups,
high NESS mmax values (>30) are available. In these
cases, stress in non-metric ordinations using NESS mmax
is considerably lower than with NESS m = 1 and the
Sørensen index. In the remaining taxa represented by
fewer species, mmax reaches only values between 3 and
10, and no consistent stress pattern can be seen in
relation to the similarity measures applied. As expected,
absolute stress values decrease as numbers of species and

Figure 2. Shepard diagrams of non-metric two-dimensional ordinations
of two different NESS indices of Geometridae (m = 1 and mmax = 192
respectively). The diagrams correspond to the ordinations (a) and (c)
shown in Figure 1. Stress is deﬁned as scatter around the best-ﬁt
regression line.

Figure 3. Stress in non-metric scaling as a function of the size of the
parameter m of the NESS index and of the Sørensen index. Data are
from 13 938 specimens of 1010 species of geometrid moths from 22
sampling sites in southern Ecuador. Stress is systematically higher in
one-dimensional ordinations (1D) than in two-dimensional (2D) and
three-dimensional (3D) ordinations. Stress decreases in all cases with
increasing m, except in three-dimensional ordinations where m > 150.
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Table 2. Stress values of two-dimensional non-metric multidimensional scaling (NMDS) of eight taxa of geometrid moths using three different
similarity indices: Sørensen index, NESS m = 1 and NESS mmax . Additionally, information is provided for species and specimen numbers as well as
average and minimum specimen number per site. Printed in bold is the lowest stress value for each taxon.
NESS index
Sørensen
index

m=1

mmax

mmax

NMDS stress

Species

Specimen
average

Specimen
minimum

total

Specimens

number

number

Geometridae
Ennominae

0.063
0.077

0.086
0.112

0.043
0.068

192
62

1010
498

13938
6646

634
302

384
123

Larentiinae
Boarmiini
Ourapterygini

0.084
0.148
0.171

0.103
0.118
0.138

0.065
0.117
0.132

32
3
5

390
68
82

5714
1371
1023

259
62
44

65
6
11

Eois
Eupithecia
Psaliodes

0.143
0.113
0.136

0.101
0.137
0.184

0.104
0.125
−

10
8
−

85
139
69

1582
2139
1167

72
97
53

20
17
3

specimens increase. For the taxa represented by fewer
species, values are below 0.2, whereas in the three largest
taxa, values are below 0.11. The smallest stress value
is achieved for the total geometrid sample with 0.04 for
mmax (see also Figure 3).
DISCUSSION
Which ordination method is preferable?
All ordination methods examined provide essentially the
same, readily interpretable results on the ﬁrst axis. With
regard to Geometridae, sites are arranged according to
their elevation, reﬂecting a successive replacement of
species along the gradient. Very similar patterns emerged
when the two large geometrid subfamilies Ennominae and
Larentiinae were ordinated separately (ﬁgured in Brehm
et al. 2003b). Even small taxa represented by average
specimen numbers of only 44–97 per site are ordinated
accurately. The correlations between the ﬁrst ordination
axis and altitude are generally less strong than in the three
largest taxa, because stochastic effects play a greater role
in small samples than in samples with many species and
specimens. However, the correlations are still remarkably
high. No consistent differences between the different
ordination methods tested were detected with regard to
their reﬂection of the altitudinal sequence. Hence, none
of the methods tested failed to ordinate species-rich and
incomplete data sets as presented in this study.
Using simulated data, Faith et al. (1987) found that
the use of chi-square distances, as inherent in CA, is
often inappropriate. Legendre & Legendre (1998) stated
that rare species are relatively over-emphasized in CA,
and subsequently Legendre & Gallagher (2001) suggested
a transformation of data before the application of CA

and related ordination methods. The emphasis of rare
species in CA could turn out as an advantage in the
analysis of tropical communities that are characterized
by the occurrence of a great number of singletons. In
our data set, 20% of all species were singletons, i.e.
species that were collected only once in the entire study,
and 52 ± 6% (n = 22) were singletons at single sites.
The high proportion of singletons did not result in any
distortions in CA as compared with non-metric ordinations.
Hill & Gauch (1980) criticized CA because it often shows
an ‘arch’ form (or ‘horseshoe’) in the ﬁrst two dimensions
if a coenocline is investigated. In addition, distances at the
lower and upper end of the parameter space covered by
the samples to be ordinated are compressed relative to the
middle. The nature of this arch is a controversial issue. It
has been interpreted as an artefact (Hill & Gauch 1980),
but in strong contrast it was also described as an important
and inherent property of successive replacement data
(Wartenberg et al. 1987). Such successive replacement
is to be expected along extended altitudinal gradients
with a pronounced species turnover. Arches appear
prominently in ordinations of the present empirical data
set (Figure 1a–e). The arches probably indicate that only
one dominant gradient (viz. altitude) governs our data set,
i.e. a coenocline situation. In the second axis, sites from
the extremes of the gradient have similar values despite
their very low faunal similarity (Sørensen values between
0.05 and 0.11, NESS (mmax ) values between 0.06 and
0.10). This phenomenon can be interpreted as involution,
i.e. the apparent closeness of dissimilar extremes of an
environmental gradient (Wartenberg et al. 1987). Brehm
et al. (2003b) showed that arches also appear in simulated
coenocline model data sets.
In DCA, arches are eliminated by the detrending
algorithm. There has been a controversial debate about
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this method. Kenkel & Orlóci (1986) emphasized
that detrending can distort underlying data structure.
Moreover, Wartenberg et al. (1987) fundamentally criticized the concept as having no empirical or theoretical
justiﬁcation. To the contrary, Peet et al. (1988) defended
detrending and rescaling as necessary steps in order
to make higher dimensions interpretable. However,
Jackson & Somers (1991) showed that the choice of
axis segmentation in DCA could substantially affect
the interpretation of the results. The selection of the
number of segments is arbitrary, since no guidelines
exist for different numbers of samples. Jackson & Somers
(1991) concluded that multidimensional conﬁgurations
obtained by using DCA might be unstable and potentially
misleading. Brehm (2002) showed that DCA did not
improve the interpretability of simulated model data as
compared with CA. For the data analysed here, DCA
did not represent the altitudinal gradient more clearly
than the other methods, and did not reveal any additional
information.
In NMDS, unlike metric ordinations, the total number
of dimensions can a priori be ﬁxed to a low number
(e.g. two or three dimensions). To the contrary, both
metric methods have a high number of further axes
that explain a decreasing proportion of the variability
of the data and that cannot be eliminated in advance.
The ﬁrst two dimensions in CA and DCA only explain
32% and 25% of the variability (‘inertia’) of the data,
respectively (Figure 1). The a priori ﬁxing of dimensions
can be regarded as an advantage of NMDS. Furthermore,
the underlying rank statistics of NMDS minimizes the
inﬂuence of outliers and leads to very robust results
(Clarke 1993, Minchin 1987). Transformation of data
as suggested by Legendre & Gallagher (2001) for metric
techniques is not required. Until the 1980s, NMDS was
criticized as being computationally more demanding than
CA (Hill & Gauch 1980, Kenkel & Orlóci 1986), but this
problem has vanished following progress in computer
technology. This historical background might be one of
the reasons why NMDS is still less commonly used than
CA.
Overall, metric and non-metric ordination techniques
resulted in remarkably similar representations of tropical moth ensembles in two-dimensional space. All performed equally well in depicting the elevational gradient
in the ﬁrst dimension, despite the extreme diversity
and the occurrence of many rare species. Our results
show that all methods applied appear to be appropriate
for the data analysed. Whether these ﬁndings are valid
for similar data sets of tropical arthropods, needs to be
tested in the future. Overall, we recommend the use of
both NMDS and CA. DCA appears to be less appropriate
than the other methods for our data set since the
detrending algorithm did not add additional information.
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Which similarity index is most appropriate for non-metric
ordination?
The NESS index is still rarely used, but has become
more widely applied in the past decade, e.g. by Beck
et al. (2002), Schulze & Fiedler (2003), Willott (1999)
and Wolda (1992, 1996). Some authors have arbitrarily
set the parameter m to 20 without explaining their
choice (Willott 1999, Wolda 1983), while others have
alternatively presented m = 1 and mmax (Schulze & Fiedler
2003). We have shown that for ordination purposes
a maximum m performs better in terms of minimizing
stress than a low m, and that intermediate m values
do not differ strongly in their performance from very
high m. Therefore, in future studies, mmax or a high
m should be preferred over a low to intermediate
m, since the results are the easiest to interpret.
Trueblood et al. (1994) stated that benthic animal
communities with a very high proportion of singletons
may not be properly analysed with the NESS index. In
such communities, NESS can overestimate similarities
and may reach values > 1.0. However, our study
shows that the analysis of geometrid moth communities
characterized by many singletons poses no serious
problem. Among 231 pairwise comparisons calculated
with NESS mmax , there is only one similarity with a
value >1 (1.04 between the two sites at elevational level
3; Brehm et al. 2003b). We calculated the Chord-NESS
(CNESS) index introduced by Trueblood et al. (1994)
and got very similar ordinations and a high correlation
between similarities of NESS and CNESS (not shown).
The Sørensen index also proved to be a suitable
measure of similarity in this particular data set. Stress was
low (< 0.10) for larger taxa (Geometridae, Ennominae,
Larentiinae), and was still acceptable in the others
(< 0.18) according to Clarke’s (1993) criteria. Hence, our
results show that at least under certain conditions simple
presence–absence measures such as Sørensen’s index can
be useful. Although data on species abundances add
valuable information, insects can change in abundance
from night to night or during the year. This might
explain the somewhat ‘uneven’ picture of the NESS
m = 1 ordination in which the most abundant species
are highly emphasized. Sørensen’s index proved to be
useful in the data set investigated because sample sizes
and coverage by actual species numbers differed only
moderately between sites (Brehm 2002). However, in
other data sets that are more heterogeneous with regard
to sample size, Sørensen’s index will be less appropriate, as
was shown e.g. for pyraloid moths in the same study area
(Süßenbach et al. 2001). The Sørensen index calculates
the ratio of species that two samples have in common. If
one sample is very small, there are only very few shared
species. In such cases, similarity values are low, even if
the samples are drawn from identical communities.
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In conclusion, the NESS index appears to be well
suited for arthropod communities that are incompletely
sampled and contain many rare species. This index or
the related CNESS index deserve to attract much wider
usage than they currently have. So far, the concept of
NESS might have remained widely unaccepted because
standard computer programs that are commonly used in
biodiversity research do not compute this index.
Only very few studies have applied the combination
of NMDS ordination and NESS index (Beck et al. 2002,
Schulze & Fiedler 2003). In future studies, several
alternative techniques should be explored in order to
check the robustness of resulting patterns since no single
method will perform perfectly under any given set of
circumstances.
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KENKEL, N. C. & ORLÓCI, L. 1986. Applying metric and nonmetric
multidimensional scaling to ecological studies: some new results.
Ecology 67:919–928.
KITCHING, R. L., ORR, A. G., THALIB, L., MITCHELL, H., HOPKINS,
M. S. & GRAHAM, A. W. 2000. Moth assemblages as indicators of
environmental quality in remnants of upland Australian rain forest.

LITERATURE CITED

Journal of Applied Ecology 37:284–297.
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50.

