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A QUANTITATIVE EVALUATION OF THE
BRAY-CURTIS ORDINATION!

HucH G. GaucH, Jr.
Ecology and Systematics, Cornell University Ithaca, New York 14850

Abstract. The Bray-Curtis ordination provides position values (x) along an ordination axis
and distances (e) from the axis for samples of communities. Upon ordination, samples are
displaced from their true positions on the coenocline axis into an arch the height of which
increases as beta (between-habitat) diversity increases. The cause of this displacement is the
fact that the similarity measure is not a linear estimator of ecological separation. The shape
of this arch and the consequent effects on the x and e values are shown for various beta
diversities, Refinements are suggested for the Bray-Curtis ordination.

INTRODUCTION

Since its introduction, the Bray and Curtis (1957)
ordination technique has found extensive use. Dur-
ing the past decade, more sophisticated ordination
techniques (such as principal components and factor
analysis) have been applied to community samples,
and there has been some feeling that these tech-
niques ought to be more effective for ecological re-
search (Orloci 1966, Austin and Orloci 1966, An-
derson 1971). However, when the purpose of ordi-
nation in ecology is not primarily a mathematically
efficient arrangement of entities but the clarification
of ecological relationships, the judgment on ordina-
tion techniques must be based on ecological function
and not solely on mathematical elegance or efficiency.
Apparently all ordination techniques (except, per-
haps, those of direct gradient analysis) produce some
distortion in their representation of relationships of
samples and species to environmental gradients. That
is, there are two distances, the original distances
along environmental gradients and the distances com-
puted in an ordination; and these two generally will
not bear a perfect relationship to each other; there
is distortion.

One of the techniques most widely used is princi-
pal components ordination. Given samples from a
fairly wide range of community variation, principal
components ordination produces severe curvilinear
distortions of the linear environmental gradients re-

lating those samples. and yields axes that may con-

sequently be ecologically uninterpretable (Noy-Meir
and Austin 1970, Austin and Noy-Meir 1971, Jeglum
et al. 1971, Westman 1971, Gauch and Whittaker
1972a. b). Principal components analysis is not
mathematically appropriate to the complex, curvi-
linear relations of species to one another and environ-
mental gradients. Despite this fact, principal com-
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ponents analysis can be useful when applied with care
to sample sets representing a limited range of com-
munity variation, and with the support of environ-
mental measurements or direct gradient analysis to
check interpretation of the resulting axes. For larger
ranges of community variation, and for sample sets
without supporting information, principal components
ordination (as any other linear model) in ecology
may be a precarious technique, potentially more
misleading than informative. These points are sup-
ported by results from Noy-Meir (personal commu-
nication), who has recently done an excellent anal-
ysis of principal components ordination.

The other most widely used technique, the Wis-
conson comparative or polar ordination of Bray and
Curtis, has its own limitations; but in general it is
subject to less distortion and is able to handle a
wider range of community variation, especially when
used with certain types of distance functions; it is
also simpler as a research tool in ecology (Gauch
and Whittaker 1972b). While principal components
ordination will no doubt continue to have a useful
role in ecology, direct gradient analysis and the Bray-
Curtis technique appear to have much utility. This
article seeks to strengthen the usefulness of the Bray-
Curtis technique by inquiry into the sources of dis-
tortions affecting it, and suggesting means for reduc-
ing these distortions.

DISTORTIONS IN ORDINATION

Austin and Orloci (1966, Orloci 1966) were per-
haps the first to attempt objective evaluation of some
ordination techniques. Although their results indi-
cated superior qualities of ordinations by techniques
other than the Bray and Curtis method, subsequent
investigations have often led other authors to contrary
conclusions (Bannister 1968, Austin and Noy-Meir
1971, Gauch and Whittaker 19726, Whittaker and
Gauch 1972). Bannister’s (1968) evaluation of or-
dination techniques was particularly noteworthy. He
perceived several problems of the Bray and Curtis
technique: that minimum similarity of samples with
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other samples may be a poor basis for choosing end-
point samples, since often several samples have sim-
ilar minimum similarity values; that “in general,
stands that are poorly related to all other stands are
best avoided”; and that interstand distances within
the ordination can be poorly related to the original
interstand distances. Nevertheless, he realized, “gen-
eral experience” has shown that “most published
ordinations of this type . . . have been successful in
demonstrating correlations between vegetation and
habitat.”

Westman (1971) ordinated forest communities
from the coastal terraces of Mendocino County, Cal-
ifornia, and noted that the Bray-Curtis ordinations
frequently produced a pronounced arch (Fig. 1).
Swan (1970) observed that similarity measures can
be poor estimators of ecological distance. Swan
stressed problems resulting from the bell-shaped
(rather than linear or monotonic) response of spe-
cies importance values along a gradient of commu-
nity composition (or ‘“coenccline”), and from zero
values in a sample similarities matrix. Using sim-
ulated data, he showed the consequent distortions.
Austin and Noy-Meir (1971) observed that “A sur-
vey of published PCA and stand-defined ordinations
of vegetation shows that in more than half of them
there is at least one major axis which shows a clear
curvilinear relationship with another axis, as in
Swan's (1970) one-gradient models.” They concluded
the crux of the problem was distortion due to the
incompatibility of the linear mathematical model and
the non-linear ecclogical model of species response
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Fic. 1. A typical Bray-Curtis ordination with x and e
values showing a pronounced arch, from a study of a
vegetation gradient from Sequoia sempervirens forest to
Cupressus pygmaea pygmy forest in Mendocino County,
northern California. (Adapted with permission from
Westman 1971.)
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Fic. 2. Shape of the Bray-Curtis arch for six repre-
sentative levels of beta diversity.

to environment. The introduction by Swan in 1970
of simulated vegetational data may have been neces-
sary to clarify these problems before their effective
study could begin.

I shall examine here the source of the arch, its
consequences for ordination, and its relation to the
similarity measures employed in ecology, using the
model of species response along a coenocline de-
veloped in a preceding article (Gauch and Whittaker
1972a). Although the arch often had been observed,
its exact shape or its meaning could not easily be
clarified with field data including sample error and
sample variation along more than one environmental
gradient. The form of the arch, as it appears more
clearly from theory (developed in a later section),
is shown in Fig. 2.

The distortion in the Bray-Curtis ordination (be-
cause of the arch) is different in character from the
distortion in principal components ordination. In
principal components ordination, all axes are the
final products of the ordination. In Bray-Curtis ordi-
nation, only the placement of samples along an or-
dination axis is of primary interest, and not the
distance above this axis. Hence displacement of sam-
ple positions up onto the arch is of only secondary
concern; while the attendant effect on spacing of
samples along the ordination axis is of central im-
portance.

THE PERCENTAGE DIFFERENCE MEASURE

The measure of similarity used by Bray and Curtis
(1957) was percentage similarity, PS, computed
from the importance values of species i in samples
j, denoted here as P(i, j), defined between pairs of
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samples j and k by the following summation over
the I species:

!
2 ¥ min(P(i, j), P(i, k))
r :
P D PR R

PS(j. k) =100 -

In order to convert this to a distance measure, one
subtracts thesc values from the value for replicate
samples; here termed “internal association,” I4. This
yields percentage distance PD:

PD(j k) =14 — PS5(j. k) .

When 14 = 1009 . or in other words the sampling
errors are zero or insignificant, it has been shown
(Gauch 1973) that for a coenocline with species im-
portances distributed along it as Gaussian curves (as
modelled in Gauch and Whittaker 1972a)

PD(HC) =100 - ERF(0.4769362762 HC) .

where HC is the ccological separation between the
two samples along the coenocline axis measured in
units of half-changes. Here ERF is the error function
defined as

-

2
ERFix) = 2L f e "“du.

(1]

Its values may be obtained from standard books of
mathematical tables: also many computers include
the error function as a supplied subprogram. (Unfor-
tunately. ERF is sometimes defined as above but with
the argument of the exponent divided by two; this
ambiguity can cause confusion if not recognized.)
One half-change is simply the amount of ecological
separation at which the percentage similarity between
two samples equals 509% of the IA (Whittaker
1960). The value at which ERF(x) equals 0.5 is
0.4769362762.

The “half-life” of radioactive decay expresses the
coefficient in a negative exponential; hence. for ex-
ample. after 2 half-lives ¥4 of the radioactive mate-
rial remains. Half-changes. which are defined here by
a point on an error function curve. do not possess
this characteristic. Thus, though at one HC percent-
age similarity is 509 of 14, at two HC the value is
not the 25% implied by a simple negative exponen-
tial. but is approximately 18%. Change in sample
similarity along an environmental gradient is neither
lincar, nor simply a negative exponential. Neverthe-
less, despite these complexities (or perhaps because
of them). half-changes are useful for expressing eco-
logical separation in a form that has some concrete
meaning. Another concrete expression of the mean-
ing of half-changes is that half-changes are related
to the average width ¢ of the species curves along a
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coenocline by a simple relation: one half-change cor-
responds to that portion of a coenocline axis for
which an average of 1.34898 ¢ is included.

The form of the PD(HC) curve is shown in Fig.
3. Also a dotted straight line is given from the origin
through the pomnt at HC =1, to show that the
PD(HC) function is very nearly linear up to slightly
more than 1 HC. This is a trivial consequence from
the fact that the Maclaurin expansion of the error
function is

2 = (—1)mxtnil

ERF(x) = —: "go"m i
thus, for small values, ERF(x) = x - ¢ (the first term
of the expansion times a constant). Hence, PD is a
good. almost linear estimator of ecological separation
as long as one remains within the range of approx-
imatcly one half-change. Also, shown as a dashed
line are the values of an inverse function of the
PD(HC) function which I denote as PDINV(x).
The purpose of PDINV (x) is to transform PD values
into a linear variable: that is, PDINV(PD(HC)) =
HC - ¢, where ¢ is a constant, (I evaluate PDINV (x)
by 10 logarithmic searches of ERF(x) values fol-
lowed by linear interpolation, which is adequate for
approximately six significant digits; doubtless other
procedures are possible.) That PD(HC) has an
asymptote of 100% for large values of HC means
that for these HC values this inverse function is not
defined; we have chosen HC =4 as a value beyond
which PDINV may as well be considered to have the
value 100 (in fact, it is between 99.3 and 100).
Samples too far separated along a coenocline will no
longer have meaningful PD values, especially when
no species are in common. The samples then are just
“far” apart. and in using sample similarity measure-
ments we are in much the same position as a prim-
itive tribesman who can only count one, two, three,
four, “many.”
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Fic. 3. Percentage difference (PD) as a function of
beta diversity, shown by the solid line. The dotted line
is a straight line through the origin and the point on the
PD(HC) curve at HC = 1, showing that for small values
PD(HC) is very nearly linear, The dashed line repre-
sents a linear estimator of ecological distance, as ex-
plained more fully in the text.
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THE BrAY-CURTIS ARCH

We have noted that the Bray-Curtis ordination
tends to distort sample locations into an arch, as in
Fig. 1 and 2. Consider in Fig. 3 the dashed line
representing a linear estimator of ecological distance.
By comparison with a linear estimator, the corre-
sponding PD values are too large. It is the fact that
these distances are too large that causes the arch.

“Beta” (between-habitat) diversity may be defined
as the extent of change of community composition,
or degree of community differentiation, in relation
to a complex-gradient of environment or a pattern of
environments (Whittaker 1960). The height of the
arch, relative to the length of the ordination axis,
increases with beta diversity and may be computed as
follows. In the extreme case of very high beta diver-
sity, the two end points are at a distance of PD = 100
from each other, and there will also be samples with
PD = 100 with respect to both end points, thus plac-
ing them at the top of an equilateral triangle with the
two end points at the two ends of the base of the
triangle. At this extreme, the height becomes simply

100 - (\v/3/2) = 86.60, and since the ordination axis
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length is 100, the height of the arch relative to the
axis length obtains this maximum value of 86.60%.

For other beta diversities, the relative height of
the arch as a function of HC can be computed as
follows. For a beta diversity of HC, the length of the
base line (or ordination axis) L is L = PD(HC).
Beals’ (1960) equations are

_L2 + D2 —D,*
v .
and e=VD,%2— x2

where x is the ordination value, e the distance off the
axis, and D, and D, the distances from the first and
second end points respectively. But since at the mid-
point, or apex of the arch, D, = D,, these equations
at the apex simplify to

x= Y% PD(HC)

and e =V[PD(HC/2)]? — [PD(HC)/2)*.

Dividing e by the length of the ordination axis yields
the desired equation for relative height RH:

RH(HC) = PD(HC)
This fupction’s values are graphed in Fig. 4.
The arch itself may be computed as follows. Let
a given coenocline axis have a total beta diversity
between its end points of X, which will give an ordi-
nation base line length of L = PD(X). Then a plot
located x from the first end point has D; = PD(x);
and distance X — x from the second end point, s0
that D, = PD(X — x). Beals' (1960) equations may
then be used to compute the coordinates of points
along this arch. The arches for X =1, 2, 3, 4, 5,
and > 8 have been given in Fig. 2, where all arches
have been scaled to have the same base line length;

8
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Fic. 4. Height of the arch relative to the length of the

ordination axis as a function of beta diversity.

- V[PD(HC/2))? — [PD(HC)/2)?.

this facilitates comparison of the relevant matter, the
shape of the arches.

DiSTORTION ON THE ORDINATION AXIS

For the Bray-Curtis ordination, the primary con-
cern is the arrangement of the samples on the ordi-
nation axis itself with their x values being the coor-
dinates; the distances e off the axis are not an essential
result in this ordination, and therefore are of only
secondary concern. I here examine the effect of beta
diversity on the x values.

Consider first the two extremes of beta diversity.
If the beta diversity is HC = 0, there will be no dis-
tortion and consequently the ordinated x values will
not be displaced from their original positions on the
gradient. But if HC = ¢, all samples will be ordi-
nated to the midpoint of the axis, 50, except the end
points located at 0 and 100. Thus for a large number
of uniformly placed samples along this axis, the
average displacement after Bray-Curtis ordination
will be 25 (out of an axis length of 100). Such an
ordination is entirely uninformative. Thus an average
x displacement of 25 may be viewed as complete dis-
tortion, and the average x displacements multiplied
by 4 may be used as a percentage distortion by the
ordination.

Average x displacement, relative to the length of
the ordination axis. has been computed using 1.000
sample points placed uniformly along the coenocline
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axis. The results are presented in Fig. 5. Distortion
climbs to a peak of 6.0 (or 24% distortion) at
HC - 3.8, decreases to a local minimum of 2.2 (or
8.80 distortion) at HC = 6.0, and thereafter in-
creases monotonically toward an asymptote of 25
(or 100% distortion). The nature of the x value
displacements as a function of beta diversity is shown
for 10 representative levels of beta diversity in Fig. 6,
showing the left half of the ordination axis (the right
half is symmetric). The positions on the lowermost
x axis represent the undistorted sample locations (for
no distorting effect of beta diversity). The top line
represents the sample locations with infinite beta di-
versity; here the left end point is in its correct posi-
tion. and all other points have been shifted to the
midpoint (50). In between these extremes are shown
the results of the Bray-Curtis ordination for eight
intermediate levels of beta diversity; and the posi-
tions taken by each sample point as beta diversities
increase are connected, so the direction and amount
of displacement will be apparent. The endpoint and
the midpoint retain their original positions, never ex-
periencing distortion. For the other points, it is seen
that up to HC =: 6 the sample points are being dis-
placed outward. After HC =6, the sample points
begin drifting inward towards the center, and at
HC = 6=7 many points have drifted back to near
their original locations; as HC increases further, the
sample points begin to clump into the center. Thus
as beta diversity increases, there is at first a general
tendency towards dispersal near the ends of the ordi-
nation axis; then this trend is reversed and replaced
by a clumping into the middle of the ordination axis.
Note that as shifting inward begins to replace shift-
ing outward, there is a zone around 6 HC where
these two opposite phenomena nearly cancel out each
other and many points have drifted back to near their
original positions. Thereafter, shifting inward re-

. - |
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FiG. 5. Average x displacement relative to the length
of the ordination axis resulting from distortions in the
Bray-Curtis ordination, as a function of beta diversity,
using 1,000 uniformly placed samples along the original
coenocline axis.

EVALUATION OF THE BRAY-CURTIS ORDINATION

833

places almost entirely shifting outward, so distortion
incrcases. This provides an explanation for the local
maximum and minimum that occur in Fig. 5, and the
ordination improvement from 3.8 to 6.0 HC that
this involves.

In Fig. 6 it may be noted that at any given level
of beta diversity, there is a single point on the ordi-
nation axis (left-half) to the left of which all sample
points are shifted outwards, and to the right of which
all samples arc shifted inwards. For example, from
Fig. 6, at a beta diversity of 7.5 HC, sample points to
the left of approximately 15 are shifted outwards,
and those to the right of approximately 15 are all
shifted inwards. The position of this transition can be
found by a logarithmic search algorithm. The results
summarize where sample points are shifted inward
or outward, and are presented in Fig. 7. The ordinate
is a coenocline axis (in arbitrary units of O to 100,
relativizing all axes to this same length), and the
abscissa represents beta diversity increasing from 0
to 15 HC. The line shows the transition line between
shifting outwards and inwards as a consequence of
the distortions in the Bray-Curtis ordination; sample
points on this line experience no displacement. Sam-
ple points above the line are displaced toward the
middle, and below the line toward the ends. Note in
particular that below approximately 5.92 HC only
displacement toward the ends occurs, that at 6.25 HC
approximately half the points are shifted outwards
and half shifted inwards (causing clumping of sam-
ple points both at the center and at the ends), and
that for higher beta diversities there is a rapidly in-
creasing dominance of shifting inwards. The rapid
replacement of shifting outwards by shifting inwards
is striking; only 0.4 HC after shifting inwards begins,
it has overtaken half the ordination axis.

SUGGESTED REFINEMENTS

The fact that PD values exceed a linear estimator
of ecological separation causes an arch in the Bray-
Curtis ordination which generally increases in height
as beta diversity increases. Positions of samples on
this arch, projected downward onto the axis, are dis-
placed from their “true” positions in a complex man-
ner, and these displacements should be allowed for.
Regarding this displacement we should add that (1)
The displacement affects the spacing, but not the se-
quence. of the samples (unless more than one sample
has zero similarity to both end-point samples, and
therefore they form a clump of indistinguishable
points at the apex of the arch). (2) The degree of
distortion when using PD is in general expected to
be modest or moderate, compared with the curvi-
linear distortions and displacements of principal com-
ponents analysis based on the covariance. (3) Dis-
placements of the same kind are obtained in the
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Fic. 6. The Bray-Curtis ordinations (left half of axis;
the right half is symmetric) showing nature of displace-
ment of sample points on the ordination axis, with true
positions as indicated on the lowermost x axis, for 10
levels of increasing beta diversity (¥ axis, L values ex-
pressed in half-changes, with corresponding percentage
difference values on right margin). To determine ex-
pected displacements in a given application of Bray-
Curtis ordination, locate L, the length of the ordination
axis, on the Y axis; and trace a horizontal line from this
across the chart. The positions of samples where inter-
sected by this line, compared with their true positions
on the lowermost X axis, indicates direction and degree
of displacement. Note that up to HC = 5 the sample
positions are displaced toward the ends of the ordination
axis, and thereafter the trend reverses and by HC = 8
most sample positions are clumping in toward the mid-
point of the ordination axis.
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Fic. 7. The transition upon the Bray-Curtis ordination
of displacement of sample points from their true position
on the coenocline axis toward the middle or ends of the
axis, as a function of increasing beta diversity (corre-
sponding percentage distance is shown on the right mar-
gin). Points inside the curve are displaced towards the
middle, those outside towards the ends. Note the rapid
reversal of tendency around 6 HC.

Bray-Curtis technique with the use of such other
sample similarity measures as coefficient of commu-
nity (Sgrensen 1948) and Euclidean distance because
they are also curvilinear in relation to sample sep-
aration on the gradient (Gauch 1973). Euclidean
distance in particular is more strongly curvilinear

HUGH G. GAUCH, JR.
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than is percentage similarity, and produces a greater
distortion of the ordination {(Gauch and Whittaker
1972b). And, (4) the Beals (1960) equations for
x and e implicitly assume Euclidean metric proper-
ties, whereas PD may not have this property (Orloci
1972, personal communication). Alternatives avoid-
ing this problem should be investigated.

Besides the fact that PD is a nonlincar measure of
ccological separation, the Bray-Curtis algorithm has
two other problems. One is that the Bray-Curtis tech-
nique (as originally presented) selects end points by
scarching for the lowest similarity index, and this
step can fail entirely if there is no unique lowest
value. The other is that vegetation generally has
several gradients, not one; and although the Bray-
Cuwiiis technique provides rcasonably effectively for
extraction of further axes, the effects of the several
gradients are sometimes intermixed in a more com-
plicated manner than Bray-Curtis ordination can sort
out satisfactorily.

Beyond recognition of the above problems. several
specific recommendations may be made:

(1) Limit beta diversity (Swan 1970, Austin and
Noy-Meir 1971, Gauch and Whittaker 19725h). The
Bray-Curtis ordination cannot be expected to perform
well with a beta diversity over several half-changes.
Subdivision of the total data set into subsets with
reasonable beta diversities is often desirable (Jeglum
et al. 1971, Westman 1971, Cottam et al. 1972).
Samples too widely different from all other samples
should be avoided, especially in choice of end points
(Bannister 1968).

(2) Grouping of similar samples into composite
samples is sometimes advantageous (Whittaker 1956,
Cottam et al. 1972). Use of composite end-point
samples (Whittaker 1960), as these are compared
with the remaining individual samples, may improve
ordination by reducing the effects on ordination re-
sulting from error and irregularity in the composition
of individual end-point samples. Grouping of all
samples of the set into composite samples for ordi-
nation (Frydman and Whittaker 1968, Maarel 1969)
requires some kind of classification, but sometimes
clarifies results by reducing the effects of sample
error and population irregularity in individual sam-
ples. Such grouping may also make possible ordina-
tion of large sample sets. Decisions on optimal num-
ber of samples for a given ordination (to represent
adequately the variability of communities under
study, without excessive field and computational ef-
fort) are not easy. Use of composite samples may
aid in ordination when the purposes of field research
have resulted in sample sets that are otherwise un-
wieldy, or unduly expensive even for computer ordi-
nation. By the same rcasoning, grouping of scts of
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specics with similar distributions is sometimes useful
(Frydman and Whittaker 1968. Maarel 1969).
Greuping of either samples or species, by decreasing
sample irregularity and increasing similarity measurc-
mcnts, may extend somewhat the range of beta diver-
sity that can be included in a set without making
ordination ineffective. In effect, the grouping reduces
false beta diversity resulting from sample irregularity.

(3) Bray and Curtis (1957) had the smallest sim-
ilarity index objectively determinc the end-point pair
to use. I find that in practice this method can fail
because there are several zeros. or can be meaning-
less because other candidate samples are near enough
to the smallest index to be statistically indistinguish-
able. or can lead to a choice without cvident ecolog-
ical meaning. For many research purposes. deliberate
end-point pair sclection based upon eccological knowl-
cdge of the data at hand may be best.

(4) Bray and Curtis used percentage difference.
but other mecasures such as coefficient of community
or Euclidean distance can also be used and may em-
phasize different aspects of community composition
( Bannister 1968. Westman 1971. Gauch and Whit-
taker 1972h, Whittaker and Gauch 1972). Also Bray
and Curtis applied a double standardization to the
original data matrix prior to computation of the PS§
secondary matrix. I have found that in some appli-
cations this causes more difficulty than advantage.
and do not recommend its universal use (also see
Austin and Greig-Smith 1968). However. in situ-
ations where the totals of importance values in sam-
ples arc variable. simple relativization of these im-
portance values (to total 100 percent in each sample)
may aid ordination. Also. use of the PDINV function
as a lincarizing transform improves Bray-Curtis ordi-
nation with moderate beta diversity. and slightly ex-
tends the range of beta diversity that can be handled
by this ordination (Gauch 1973: also sce Austin and
Noy-Meir 1971, Cottam et al. 1972). In addition.
use of this transform restores metric properties (be-
cause D, + D, = L, so there is no upward extension
into a triangle anyway).

{5) Pcercentage similarity and coefficient of com-
munity must be subtracted from 100¢ or an internal
association to obtain distance measures. Bray and
Curtis (1957) used 8597 as an average internal asso-
ciation. Happily. Bannister (1968) has shown that
the 14 value makes relatively little difference. and
there is usually little profit from using anything other
than 1007, To this it may be added that overesti-
mating /A4 causes less distortion than underestimating
it. so it is safer to use an overestimate when in doubt.
If /4 is too small. then too short a base line, or
negative distance values, or both, can result. This
produces strong distortion. particularly around the
ends of the ordination axis. including placement of
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sample points beyond what were intended to be the
end points of the ordination axis.

(6) Tree. shrub. and herb strata (and animal
taxocenes) can be responding differently to environ-
mental gradients, and it may be of interest to ordinate
these strata separately as well as together.

{7) Do not over-interpret ordinations (Austin and
Noy-Meir 1971). They are most instructive when
the limitations as well as the capabilitics are recog-
nized.

(8) The Bray-Curtis ordination is vulnerable to
poor choice of end points. It is often more illuminat-
ing when alternative choices of end points and dis-
tance measures arc compared, or when Bray-Curtis is
comparced with other ordinations in treatment of a
given sample set (Bannister 1968, Swan 1970. Gauch
and Whittaker 1972b, Cottam et al. 1972). More
generally. the Bray-Curtis ordination may be most
successful when supported by other means of inter-
pretation. such as direct gradient analysis. classifica-
tion. and knowledge from the field of the communi-
ties, environmental gradients. and species character-
istics (Gauch and Whittaker 1972b).

We have written computer programs to doubly
standardize or relativize a data matrix; to compute
percentage similarity. coefficient of community. and
Euclidean distances as secondary matrices from the
original species importances matrix; and to do Bray-
Curtis ordinations using any of these three measures.
These three programs are written in FORTRAN IV
and are in the Cornell Ecology Programs series. In-
formation on this series will be sent upon request.
and program documentations (including a listing)
and copics of the program decks may be obtained at
cost.

CONCLUSION

Users of the Bray-Curtis ordination should be
aware of its arch displacement, its capabilities and
limitations, its relative effectiveness compared to other
techniques. and its possible refinements. The Bray-
Curtis arch is an interpretable aspect of this tech-
nique. For beta diversities of more than several half-
changes. the Bray-Curtis ordination is not effective
and other tactics must be used. such as subdivision
of the data set, direct environmental gradient anal-
ysis. or weighted-average ordination (Whittaker
1967). Within these limits, the Bray-Curtis ordination
is useful. with advantages of both relative simplicity
and relative freedom from distortion as compared
with many other and more complex ordination tech-
niques (Gauch and Whittaker 19724). The Bray-
Curtis ordination has been a popular and useful tech-
nique: 1 hope that a more critical appreciation of its
crrors and possible refinements will add to its useful-
ness as 4 tool in ecological research.
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