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Abstract.

The method and the associated graphical representations proposed in this

paper facilitatc the interpretation of the correspondence analysis (CA} of a samples/species
data table. By using the “reciprocal discrimination” model of CA, this method introduces
directly and on the same graph the notions of niche width and within-sample diversity.
We propose twe Macintosh programs for computing conditional means, variances, and
covariances of factor scores for species and samples, and for drawing ellipses and Gaussian
curves from these values. Two examples of ecological interest show how resulting graphics
help in understanding the results of multivariate analyses.

Key words: biplots; correspondence analysis; diversity: dual scaling; ellipses; Gaussian curves;
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INTRODUCTION

Reciprocal ordination of species and sampling units,
response curves of species, and « (within) or 8 (be-
tween) diversity of samples are three problems very
intimately linked. This point was introduced by Gauch
(1973): “Concern with such spaces (abstracl spaces of
ordination) now interrelates two major areas of re-
search: gradient analysis including sample ordinations,
and diversity studies including habitat and niche re-
lations,” and emphasized in the paper of Gauch et al.
(1977): “Analogous to the effects of species width or
amplitude are those of sample equitability —relative
similarity of adjacent values in the importance value
sequence—or its inverse, relative concentration of
dominance.”

Here we propose a statistical technique, called re-
ciprocal scaling (from *‘reciprocal averaging” [Hill 1973)
and ““dual scaling” [Nishisato 1980]), which, after the
correspondence analysis (CA) of a data set, takes into
account the three following points of view: reciprocal
averaging, measure of sample diversity, and measure
of species tolerance. It leads to graphical display and
provides a new insight for these notions.

SAMPLE ORDINATION AND SPECIES
REesPONSE CURVES

Species niche width: sample averaging

According to Noy-Meir and Whittaker (1977), the
term ordination has two meanings: (a) “the process of
arranging sites (or species) in relation to one or more

' Manuscript received 5 December 1990; revised 26 April
1991; accepted 29 April 1991, final version received 28 May
1991.

environmental (or successional) gradients,” and (b}
“continuous multivariate techniques which arrange sites
(or species) along axes, regardless of the interpretation
of axes.”

When samples are ordered, “both direct (obverse)
and indirect (reverse} gradient analyses, to use Whit-
taker’s (1967) terminology, choose one set of infor-
mation and search for patierns in it and impose these
patterns on the other set” (Dale 1975). We are then
concerned by the indicator value of a species (Persson
1981), linked to the position of the species on the gra-
dient, and to its amplitude, or tolerance {niche width,
or variance).

A set of papers by ter Braak (1983, 1985, 1986, 1987,
1988) shows how weighted averages play a prominent
part in the modelling of species response curves.

Let A be a table having 5 sampling units (or sites)
and ¢ species (or taxa). Let g, for | =i=sand 1 =
f = t, be the abundance of species j in sampling unit
i. Morcover, let

(total for sample i}

(total for species j)

and

a. = 2 a;

=1 j=1

(matrix total)

be the abundance by sample, by species, and the total
abundance. We define also

S

D = —= {(sample {’s proportion of a )

o
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p,;= (species j’s proportion of a. ),

which are the marginal relative frequencies, and

a,
P = —

a,

a,
piu = a_s

-f
which are the conditional relative frequencies of spe-
cies j in sample /, and of sample | for species j, and
which verify

£ !
El by = 2 Py =L
i= J=1

If samples are ordered on g gradients by the values
L.(i),with] =/=<gsand | < k =< g then species have
the following positions on gradient number & by
weighted averaging:

() = D paLuli)

()

(the taxon’s optimum, abundance-weighted mean), and
their conditional variances are equal to
WEG) = 2 pulLdd) — ¢oG)|’. @
=l
which corresponds to the niche width of McNaughton
and Wolf (1970), and has been used as the breadth of
historical presence of species by Usseglio-Polaterra and
Bournaud {1989), It may also be compared to the tax-
on’s tolerance, or the weighted, squared standard de-
viation (Birks et al. 1990), and to the gecometric mean
of niche breadth (Sabo and Whittaker 1979).

This is the well-known, simplest ordination of spe-
cies by samples, which may be used with the three
kinds of environmental gradients, as stated by Austin
(£980): “indirect environmental gradients where the
environmental factors have no direct physiological in-
fluence on plant growth, e.g., elevation; direct envi-
ronmental gradients where the factor has a direct phys-
iological effect on growth but is not an essential resource,
e.g., pH: resource gradients, where the factor is an c¢s-
sential resource for plant growth.”

Sample diversity: species averaging

Starting from an ordination of species on g gradients
by C.(f), with ] < j<¢and 1 < k < g, we obtain an
ordination of samples by averaging

LEOG) = 2 puCli).

=1

(3)

If we suppose that

t

2 p,Cdi) =0,

=1

S
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then we have

2 L) =0. (5)
=1

The variance of the positions of samples on the gra-
dient summarizes the differences between samples and
measures 3 diversity:

B = 2 p, [LOG). (6)
=1

The conditional within-sample variance measures c

diversity relative to the gradient:

W) = 2p [Cli) — LG (7
=1
The total o diversity 1s then equal to
W =3 p, WEND), (8)

=1
and we have the following “analysis of variance™ equa-
tion:

13

¥ p,CiHj) = WE + B,

£~1

)

These approaches to o and 8 diversity are implicit
in the simulation models of Gauch and Whittaker
(19724, b} and LaFrance (1972), but they do not take
into account the total species abundance (a.). Hill and
Gauch (1980) define 8 diversity as the length of an axis,
which is directly linked to the variance of the positions
of the elements on this axis. When the ordination is
defined by correspondence analysis of the table, this
variance is equal to the eigenvalue A,, which may be
compared to the half-change (Gauch 1973} by the em-
pirical relationship {Gauch and Stone 1979}

HC = v/12A/(1—A)/1.349. (10

Gauch et al. (1977) have emphasized the duality
between species width and sample equitability. It is
sound to compute both in the same way, and to expect
the same properties from reciprocal ordination meth-
ods (Gauch et al. 1977; 166).

Hill and Gauch (1980) invented detrended corre-
spondence analysis because the 8 diversity is badly
represented near both ends of the gradient. This has
been thoroughly discussed by Van Der Maarel (1980)
and Feoli and Feoli-Chiapella (1980). Wartenberg et
al. (1987} has shown how the notion of diversity is
important it an ordination technique.

The above-mentioned definitions are illustrated by
Fig. 1, which emphasizes the symmetry of the com-
putation of species tolerance («-type) and niche sepa-
ration (3-type) for a given sample ordination, and of
between-samples (a-type) and within-sample (3-type)
diversity. Here, Gaussian curves are only a graphical
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Fic. 1. (A) Ordination by reciprocal averaging (RA) of the data table from Whittaker et al. (1979: 67). Vertical sticks

position the 44 mallee species on the first axis, with their heights corresponding to the species’ abundances. Gaussian curves
represent the mean and variance of the 10 quadrats. Total inertia = 0.866, A, = 0.432 (49.9%). (B) Ordination by RA of a
table crossing 28 sites and 12 hunting spider species (Van Der Aart and Smeek-Enserik 1975, cited in ter Braak 1986: 1173).
Total inertia = 1.211, A, = 0.590 (48.7%). “«"" and *8” symbolize a-type diversity (within species and within sample) and
B-type diversity (between species and between samples). The collection of curves has been drawn automatically by GraphMu,
and superimposed on the collections of vertical sticks. The figure was finished with MacDraw by adding labels (A, B, Samples,

Species, «, 8, etc.) and arrows.

way to represent means and variances, and not the
Gaussian ordination of Gauch et al. (1974). The last
graphic in columns A and B shows the maximum g8
diversity, whereas a diversity is represented by the
width of Gaussian curves in each graphic.

Scaling of species by samples and reciprocal

Let us consider now that gradients are obtained from
a multivariate analysis of a hypothetical table A. It is

well known that any inertia analysis of table A with
two sets of weights (for rows and columns) leads to two
dual analyses and two coordinate systems (Austin and
Orloci 1966, Austin and Greig-Smith 1968, Noy-Meir
et al. 1975, Laurec et al. 1979). But few methods have
optimal propertics from the point of view of weighted
averaging. Moreover, the standardization of coordi-
nates to | or to A (the eigenvalue), and the habit of
“convenience rescaling” (for instance between 0 and
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100) create a lot of difficulties. One may obtain a biplot
by averaging in one of the following ways:

1) noncentered principal components analysis (PCA)
of table {p, ] (averaging species per sample);

2) noncentered PCA of table [p,,] (averaging sam-
ples per species) (Ezcurra 1987, with use of biplot of
Gabriel 1971, see Gordon 1982);

3) centered PCA of table [p,,] with the biplot dis-
tance of ter Braak (1983) (translated averaging species
per sample);

4) centered PCA of table [p,,] with the biplot dis-
tance of ter Braak (1983) (translated averaging samples
per species);

5) Reciprocal averaging (RA) (Hill 1973, 1974), or
correspondence analysis (Benzecri 1973): double di-
lated averaging species per sample and samples per
species. This is why, when a joint display of species
and sites is needed, reciprocal averaging takes a fun-
damental place (Oksanen 1987).

We can have only one averaging with a PCA (Gower
1967), and ter Braak (1983) introduces the relation
between ordination and diversity with centered PCA.
But we need another PCA to introduce the relation
between ordination and niche width. ter Braak {(1985)
and Hill (1977) then use RA. We may have two av-
eragings with RA, which has been largely explained by
Greenacre (Greenacre 1984, Greenacre and Vrba 1984,
Greenacre and Hastie 1987). Chessel et al. (1982) use
both averagings of CA to introduce a double measure
of niche breadth and 8 diversity (see Oksanen 1987).
This is summarized in Fig. 2.

So, the question is, 1s it possible to keep a double
reciprocal averaging and a double reciprocal scaling of
niche breadth and « diversity? We propose here a very
straightforward answer to this question.

CORRESPONDENCE TABLE

A solution 1o the problem is known by statisticians
but does not seem to have been used until now. It is
found in Lebart et al. (1977), translated into English
in Lebart et al. (1984). Let ¢ be the total number of
nonempty cells in table A. These cells are called “cor-
respondences,” from the name of “correspondence
analysis.” This point of view corresponds to the field
ecologist’s notebook, such as:

sample {
species J, abundance n,,
species J, abundance 7,
species j abundance n,,,,

sampie i + 1

There are c(i) correspondences for sample /, and ¢
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FiG. 2, Reciprocal averaging and symmeitrical scaling of
niche breadth and o diversity. The data table (Gauch 1982:
122) crosses 14 species and 10 composite forest samples. ev
= eigenvalues (A, = 0.479; 61.8% of inertia, and there is only
one gradient structure). (1) Ordination of species on the first
axis. (2) Conditional means and variances of each sample. (3)
Ordination of samples on the first axis. (4) Conditional means
and variances of each species. (5) Same as I. “A” means
“Averaging.” “S$” means “Scaling” (multiplication by
1/\/)T,). What we need is to be able to draw these four figures
with the same scale.

correspondences as a whole. It is therefore possible to
construct two correspondence tables (X and Y), as ¢x-
plained in Fig. 3. Lebart et al. (1984: 79-80 and 84-
88) show how it is possible to perform simultaneously
the canonical correlation analysis of X and Y, or the
double discriminant analysis of X by Y and of Y by
X. The mathematical proofs are in Lebart’s book, and
we are emphasizing here their practical consequences.

Hill (1977) uses the discriminant analysis of X by Y
to maximize the (within-species variance)/(between-
species variance) ratio, and Chessel et al. (1982) use
the discriminant analysis of X by Y to maximize the
within-species variance or the between-species vari-
ance under the constraint that the total variance is
equal to .

To maximize both variances simultaneously, we have
to order the correspondence table, and to postulate that
the position of a sample is given by the mean of the
positions of correspondences that belong to this sam-
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Fic. 3. Diagram of the double discriminant analysis of
Lebart et al. 1984, Table A is a samples/species table. We can
define two tables: the correspondences—samples table (X) and
the correspondences—specics table (Y). Both tables must be
weighted by a,/a.. Each table defines the categories of the
discriminant analysis of the other. Reciprocal averaging, RA
(or correspondence analysis, CA), performs both discriminant
analyses, so the coordinates of the rows of tables X and Y
can be computed from the coordinates of rows and columns
in the CA of table A with Eq. 11.
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ple, and that the position of a species is given by the
mean of the positions of correspondences in which this
species appears, It is then possible to use the following
equations.

The cell (7, /) of table A is given the coordinate H,(i,
JY on the k™ axis:

L.{i G
Hk(l.’j)=( m;\” (1))

#k=1+\/)\_k-

(an

Here, L, (i) and C.{J) are the coordinates of samples
and species on axis k£ of the CA of table A. The total
variance for all cells is equal to 1.

The values H, (i, j) are also the coordinates of the
rows in the weighted canonical correlation analysis of
tables X and Y {Fig. 3). Using these formulas, we can
express the conditional means and variances of sample
sCores:

m(i) =

(12)

B~

> ayH (G, ))
i1

i Hé
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Fi1G. 4. Reciprocal scaling of species tolerance and sample diversity, using the same data table as in Fig. 2, and calculating
the score of each cell of the table with Eq. 11. The conditional means and variances are computed with Eqs. 14 and 15.
Hence, parts A, B, and C share the same scales and may be superimposed (except for the p-axis scale of part A, which is
related to the abundance of species). Part A shows the positions of “correspondences” (i.e., the presence of one species in
one sample) on the first axis of correspondence analysis. Bar lengths are proportional to species abundance (see Gauch 1982:
legend of Table 4.4). Graph B is the “Gaussian curves” representation of conditional means and variances of correspondences
for each species, and part C is the same for samples, plus the graph of eigenvalues (identical to the one in Fig. 2).
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> ayHHG J) — m). (13)

=1

Xy = ]
A (1) - Z
These values can be more easily computed from CA
factor scores:

Vi

mli) = \/ﬁLk(f’) (14)

. 1 1 < s .
sy = m[— 2 a,C¥j) — MLﬁ(l)]- (15)

a. o

Symmetrically, one can obtain the conditional means
and variances of species scores. A good graphical rep-
resentation of these conditional means and variances
of species and sample scores may be the Gaussian curves
having similar means and variances. The collection or
superimposition of these Gaussian curves makes easier
the study of species and samples relationships (as in
Fig. 2).

Fig. 4 shows the results obtained with the data table
from Gauch (1982: 122), and should be compared to
Fig. 2. The scales of Fig. 4A—C are the same, and so
they can be compared directly, which is not true in Fig.
2. The major feature revealed by Fig. 4 is the difference
between the shape of species and sample Gaussian
curves, While Fig. 4C suggests an ordination of samples
(Gaussian curves are all alike and flat), Fig. 4B seems
to indicate a classification of species, with particular
species at both ends of the pioneer—limax gradient
(acute Gaussian curves).

When two factors are concermed, one can define the
conditional covariance of sampie scores for factors k
and /.

1 {
ali) = — 2 a,HoGG, HYHG, j) — mm(i),  (16)

i f=1
which can be computed from CA factor scores as

o 1
R ey

i =1

l f
|:a_ E a; Co(J)C)Y — VANL( )L;(i):| ;

(17

By combining these means, variances, and covari-
ances of sample and species scores, it i1s possible to
draw simultaneous representations where each sample
and each species is represented by an ellipse. The center
of an ellipse is given by the mean of each factor score
(on axes k& and /), the ellipse axes correspond to the
variance of scores, and the covariance gives the slope
of the ellipse (Fig. 5).

SOFTWARE

The above statistical method is of no use to ecologists
without support by an easy-to-use software: ellipses
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FiG. 5. Correspondence analysis (CA) seen as a double
discriminant analysis. The data set (Table 1) crosses 23 forest
samples and 43 tree species. Each square represents one cell
of the table, i.e., one sample-species “correspondence.” The
size of each square is proportional to the abundance of the
species, and its coordinates are computed from CA factor
scores using Eq. 11. Ellipse A represents one of the samples
of the table (sample number three, from Neuhoff), and ellipse
B represents one of the species (Fraxinus excelsior). The bar
chart D shows the decrease of successive eigenvalues, and
indicates that two or three factors may be of interest. GraphMu
can draw automatically the collections of ellipses for species
and samples, and the maps with squares. Lines connecting
squares 1o the centers of ellipses may be drawn with the “Dig-
itized maps™ option. Labels (A, B, C, D, F1, F2) and arrows
have been added with MacDraw. The bar chart of eigenvalues
has been drawn separately with GraphMu and pasted over
the figure,

and Gaussian curves are difficult to draw by hand, and
there is no commercial software to produce such rep-
resentations. Two programs for the Apple Macintosh
micro-computer, named MacMul and GraphMu
(Thioulouse 1989, 1990), can achieve this. These pro-
grams have an English language interface and are avail-
able on diskettes,® or directly by downloading through
Internet (THIOULOU@FRCISM51.BITNET).

ECOLOGICAL APPLICATIONS
Classification vs. ordination. species and samples

Fig. 5 shows only the ¢llipses of one species and of
one sarnple of the data set from Hasnaoui (1979). Fig.
6 shows with the same scale the ellipses of the 23
samples (top) and 43 species (bottom) for the same

2 8ece ESA Supplementary Publication Service Document
No. 9101 for a full description of the software and instructions
for obtaining the software. Order from the first author or The
Ecological Society of America, 328 East State Street, [thaca,
NY 14850-4318 USA.
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FiG. 6. Reciprocal scaling of tree species tolerance and sample diversity: results obtained for the data set from Hasnaoui
1979 (see legend to Fig. 5). Top: each of the 23 samples from three types of forests (alluvial, marshy, and floodable) is
represented by an ellipse. Bottom: eltipses of the 43 tree species (may be superimposed to figure at top). The list of species
names is piven at right. Differences between the two figures are interpreted in the text (see Ecological applications: Classification

vs. ordination. species and samples).

data set. The underlying biological problem is to de-
termine whether the list of trec species in regeneration
clearings (tree fall gaps or clearing cuttings)is due main-
ly to the type of surrounding forest, or if allochthonous
species characteristic of pioneer stage are present. The
23 samples come from three types of forest in the east
of France: alluvial {Neuhoff), marshy (Forstfeld), and
floodable (Osthouse) forests. In Neuhoff and Forstfeld
forests, two sampling sites were studied, with five (Neu-
hoff) and four (Forstfeld) samples taken at each site.
Only one site is stedied in Osthouse, with six samples.
The data set is given in Table 1, with the origin of each
sample; species names are given in Fig. 6.

In Fig. 5, ellipse B represents the second species
(Fraxinus excelsior), the center, axes and slope of this
ellipse are computed from CA factor scores of the data
table using Eqs. 14, 15, and 17. Squares representing
the 18 correspondences in which this species is present
are filled with black, and lines connect the center of
each square with the center of the ellipse. This pro-
cedure provides a graphical representation of the with-
in {a-type) diversity, while 8-type (between) diversity
can be assessed by looking at the collection of ellipses
for all species (Fig. 6, bottom). Symmetrically, cllipse
A in Fig. 5 represents the third sample of the table
(from Neuhoff, alluvial forest). The 17 correspon-
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dences for this sample are represented with black
squares, one of which (C) is the correspondence with
Fraxinus excelsior,

The interpretation of this figure is very clear: the
composition of samples and their diversity is entirely
dictated by the forest from which they come. Ellipses
on top are grouped according to the forest from which
comes the corresponding sample (the two Forstfeld sites
are well separated, whereas those at Neuhofl are not),
and for different forests, ellipses hardly overlap. This
pattern is characteristic of a classification process, i.e.,
it is possible to discriminate samples from the abun-
dance of the species they contain, because the between-
sample diversity is larger than the within-sample di-
versity.

Reciprocally, species ellipses do not show clusters.
On the contrary, many ellipses overlap, and they are
typically stretched between two vertices of the triangle
defined by the three types of forests (alluvial, marshy,
and floodable). This means that only a few species are
specific 1o each kind of forest, and that most species
may be ordinated along the three gradients. Therefore
the discimination between forests is not due to the
presence or absence of particular species, but to char-
acteristic combinations of species. The species list of
regeneration clearings is characteristic of the forest from
which they come rather than characteristic of the pi-
oneer stage.

Species diversity and environmental
changes: the ecotone

The second example presented here is from Tati-
bouet and Broyer (1980) and concerns the study of bird
species diversity in rural and urban environments.
McDonnell and Pickett (1990) have recently empha-
sized the interest in such studies. The data set consists
of 51 sampling units that are aligned on an urban—rural
transect. In each sampling unit, the abundance of bird
species is estimated by listening to songs. Fig. 7 shows
the results of the reciprocal scaling method, with spe-
cies (top) and sampling units (bottom) ellipses, and
species names.

Here again, there is a difference of structure between
the plane of sampling units and that of species: sam-
pling unit ellipses show a discontinuitly between urban
{on the left) and rural {on the right) units. On the left
are units located at the city center, with a gradient to
less urbanized sites. The break (vertical bar) separates
urban from rural sampling units, which also have larger
cllipses because of a higher g diversity.

The species pltane (top) shows that the maximum
species diversity corresponds to the maximum change
in environmental conditions (urban-rural frontier), this
being characteristic of an ecotone. Both planes may be
superimposed, and it is easy to see that a large number
of ellipses are grouped near the vertical bar correspond-
ing to the break. Moreover, these ¢llipses are bigger,
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TasLE |. Abundance (Braun-Blanquet notation) of trees of
each species in each sample in the forest data set of Has-
naoui (1979). The columns correspond to 23 samples taken
in three types of forest: Neul and Neu2 are sites in Neuhoff
{alluvial forest), Forl and For2 are sites in Forstfeld (marshy
forest), and Osth is Osthouse (floodable forest). The rows
correspond to the 43 tree species listed in Fig. 6.

Neul Neu2 Forl For2 Osth

00000 0000 0020 1333 533443
00120 0101 1223 4422 131222
11201 0100 0000 1210 000000
14010 1040 0000 0020 000000
00003 0240 0000 0221 000001
00000 0300 0000 1000 000000
00102 0002 0000 1000 131111
00000 0000 4013 1000 000000
00002 1011 0000 0000 100000
00000 0000 0000 0000 121100
00000 0000 0000 0000 120000
01023 1000 0000 0000 020000
100062 0133 0000 0000 000100
34133 2333 0000 0000 000000
31211 1100 0000 0000 000000
32213 0111 0000 0000 020000
12201 1110 0000 0000 000000
11212 1310 0210 0000 000000
10002 1001 0100 0000 000000
00000 (0000 1100 0000 Q00100
32000 3101 0000 0000 000000
01001 2211 0000 0000 000000
00000 0000 4343 0000 000000
00100 0000 2312 3321 000211
00000 0000 1242 1223 000000
21112 2010 2202 2022 000000
20121 2222 0000 0020 002231
00000 0000 3333 1030 Q00000
02110 o112 2021 1230 000002
00000 0000 2022 0020 000000
00000 0000 111 1010 000000
11100 0010 0000 0010 000001
00000 0000 0000 0120 000000
22232 2223 0000 1010 342212
06000 0000 0000 2300 000000
11101 0000 0000 0000 000000
00000 0000 0000 0020 043223
00100 0100 0000 0000 011101
44231 3333 0000 0000 012202
106000 0000 0000 0000 110000
00000 0001 0000 0000 110000
01010 0000 0000 0000 100000
11000 0000 0000 0000 000000

which means that the tolerance of these species is wid-
er.

CONCLUSIONS

Both examples and several other uses (see, for ex-
ample, Balocco-Castella 1988 for a comparison of the
floristic structures in two hydrosystems) show that this
method leads to a good representation and understand-
ing of the global organization of floro-faunistic data
tables. An accurate evaluation of possible structure
models (gradients, breaks, mixings) may thercfore be
carried out. Moreover, the underlying principle is gen-
eral enough to be introduced into constrained ordi-
nation methods: canonical correspondence analysis of
ter Braak (1986), correspondence analysis with respect
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Species

F2

+5.3 12

25\

;37

1--Circus pygargus
2--Falco tinnunculus
3--Larus ridibundus
4--Columbia livia
5--Swrepropelia wirtur
6--Strepropelia decaocto
7--Cuculus canorus
8--Apus apus

9--Alauda arvensis
10-Hirundo rustica
11-Delichon urbica
12-Mortacilla flava
13-Troglodytes troglodytes
7 14-Saxicola rubetra
15-Saxicola rorguata
16-Phoenicurus ochruros
17-Phoenicurus phoenicurus
18-Luscinia megarkynchos
19-Turdus merula

14t 20-Hippolais pelyglotta
21-Sylvia borin

22-Sylvia atricapilla
23-Phylloscopus trochilus

20 ¢ -I—

-4.8

1428 F1

Samples

x |

24-Phylloscopus collybita
D 25-Parus caeruleus
26-Parus major
27-Emberiza calandra
28-Emberiza cirlus
29-Passer domesticis
30-Passer montanus
31-Fringiila coelebs
32-Carduelis chloris
33-Carduelis carduelis
34-Carduelis cannabina
35-Serinus serinus
36-Sturnus vulgaris
37-Oriolus oriolus
38-Pica pica

39-Corvus monedula
40-Corvus corone

E

FiG. 7. Reciprocal scaling of bird species tolerance and sample diversity in rural and urban environments. Top: the 43
bird species ellipses (species names are given al right). Bottom: the 51 sampling sites ellipses. Letters indicate the type of
environment: A = city center, B = city districts, C = suburbs, D = rural closed, E = rural opened. The scale (valid for both

figures) is given by the diagram in the middle of the figure.

to ““instrumental variables” of Chessel et al. (1987),
partial canonical correspondence analysis of ter Braak
(1988), within-class and between-class correspondence
analysis of Doledec and Chessel (1990), within-species
groups and within-sample groups correspondence
analysis of Cazes et al. (1988).
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