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Introduction

1 know that group recognition is a subjoct of greal interest to
this group. | realize, of course, that there are prefersnces for
different methods, according to differem objectives.

The algorithms used by phytosocinlogists appear W be of
two generic Lypes:

I. The first focuses on homogeneity within the groups.
Groups are sought in which the member objects are as similar
as possible in terms of given characters. The clustering
algorithm, which [ described in an earlier paper (Orldc
1967) with group homogeneity measured in terms of the sum
of squares, represents an example in this connection.

2. The second type shifts focus from homogeneity within the
groups to discontinuities in the entire sample. The clustering
algorithm TRGRPS isof this type. It is formulated around the
definition that one group of relevés is discontinuous with
another group if none of its neighbourhoods, with given
radins, overlap with any of the neighbourhoods with the
same radius in the other. The definition and refated concepts
are explained in the text.

The algorithm s programed m BASIC under file name
TRGRPS.BAS. When it is hypothesized that discontinuitics
subdivide the sample into a given number of groups and the
hypothesis is presented to the program with data, TRGRPS.
BAS performs the nocessary ests antomatically and, if groups
are found, it produces group descriptors.

*Contribution from the Working Group for Data Processing in Phyto-
sexiology, Inemational Sociery for Vegetation Science. For nomen-
clature of spacies see Lausi, Beeftink & Kortekaas (1975),

**The regearch project, from which this paper summarizes partial
results, is supported by a Naronal Rescarch Council of Canada
grant. Computer time was provided by the University of Westem
Oniario.

Relevant Concepls

Sample space

It will be assumed that there are N relevés in the sample
labelled by symbols A, B, C, ete. It will be assumed also that
in the associated sample space the relevés are represented by
points in the line,

A B C D E F

The relative placements of the points to one another are
important. The assumption of such a simple unidimensional
arrangement is not necessary, but convenient, because it can
simplify maners when the concepts are explained without
detracting from the generality of the conclusions.

Nearest neighbour relevés

The length of the line segment, connecting any Iwo points
in sample space, is proportional to differences in the spe-
cies composition of the relevés. The line segments repre-
sent distances in p-dimensions. Each dimension in p-space
comesponds to a different species in the sample. It is aoted
that differences need not be measured in terms of a distance
function. Any symmetric measure of dissimilarity is permis-
sible. The point nearest to another point in tenms of any such
distance or dissimilarity is said to be that point’s nearest
neighbour. Ln the example shown, A i nearest neighbour to
B. E to F, etc.

The neighbourhood of a refleve

Each relevé may or may not have other releveés in its neigh-
bourhood within a given radius () for which the neighbour-
hood is defined. Atr =4(B, C), whered(B, C} is the distance
of point B from C, the following neighbourhoods of rmelevés
exist:
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{aB} for releve A

{ABC} for meleve B
{BC} for relevée C
{DE} for relevé D and E
{F} tor mleve F

It is noted that {AB} and {BC} are overlapping neighbour-
hoods: fe. releve B is possessed in common by both.
{ABC}, {DE} and {F} are non-overlapping. Neighbour
hoods that are non-overlapping are said to be discontinuous.

Clustering by Neighbourhoods

Givenr = (1 as the initial state of the neighbourhood radivs in
a clustering procedure. as many discontinuous neughbour-
hoods can be recognized in the sample A, B, C, D, E, Fas
there are non-identical releves,

{a}. {8} {C}. {D}. {E}. {F}
Mow, let r be incremented by a constant, small quantity in
steps until the condition d(A. Bl € r < d(B. C) is satisfied.
Here.dA. B)represents the smallest distance other than zero
in the sample and (B, C) the second smallest distance. Al
such a radins,

{aB}. {C}. {DE}. {F}
are recognized as discontinuous neighbourboods. IFr is fur-
ther ineremented, so that it will satisfy the condition (B, C)
= r <dE, F), where d(E. F) is the third smallest distance in
the sumple, the discontinuous neighbourhoods are

{ABC). {DE}. {F!}
Further increments in r, until AE. Fi = r<dC, D) is
satistied, yield the discontinuous neighbourhoods,

|ABC), {DEF!
Finally, when r = #&(C, ), only a single group

{ ABCDEF}
1% recognized. All neighbourhoods at a given r under the
given constraints satisfy the original definition of disconti-
nuous groups stated in the introduction. In other words. none
of the neighbourhoods in any one group overlaps with any
neighbourheod in the other. It is evident from what has been
said that the procedure of clustering by neighbourhoods uses
single link fusions similarly to Sneath’s (1957) method of
single linkage clusiering.
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The Algorithm TRGRPS

TRGRPS incorporatcs clustering by neighbourhoods and

various ther devices which enable the user to test hypothe-

ses about the existence of discontinuous groups of revelés,

The algorithm regards 2 group of relevés as discontinuous if

none of its neighbourhoods overlap with any neizhbourhood

in other groups, The Mow pattem of operations and decisions

i5 described below:

a. Present data; specify a hypothesis for the number of groups
R compute distances between releveés,

h. Specify initial valve of neighbourhood radivs and its
increments.

c. Cluster relevés and count the number of groups. Desig-
nitte this number by &

d, If & = R then accept the hypothesis.

ITk < £ then modify the hypothesis to less than R growps—

and continue with step b,

I & = R then increment neighbourhood radius and con-

Ltinue at .
| realize that based on sampling considerations tests of the
kind as in this algorithm should preferably be probalistic.
However, the algorithm as I present it here does not incorpo-
rate probabilistic considerations. | plan to discuss these as-
pects in g separate cassay prescntly in the preparatory stage.

A Related Algorithm

TRGRPS evolved through modifications of the oeiginal Jan-
cey (1974) algorithm which [ abstracted (Odoci 1975) under
the name TRGRUP. [ stressed a nearest neighbour property
of the groups in the original deseriptions of TRGRUP, al-
though I incarporated the idea of clustering by neighbour-
hoods in the program TRGRUP.BAS. The present paper
corrects this anomazly by recognizing that although the condi-
tion that every member in a discontinuous group must have its
nearest neighbour within the group is necessary it is by no
means sufficient becawse when this condition is satishied
neighbourhoods ¢an overlap between the groups. The groups
with contents
{AB}. {C}. {DEF}

represent an eclatant example in this connection. In these, the
nearest neighbour property is satisfied; every member ineach
group has its nearest neighbour within its own group. Yet two
groups, {AB} and {C}, appear continuous because the
neighbourhoods of relevés A, B and C overlap at the implied
radius &E, F).

TRGRPS.BAS differs from TRGRUP . BAS by the speci-



fic constraint that none of the relevés are allowed to remain
unclustered when the hypothesis is ttue. This means that for
the hypothesis of & groups to be acvepted in TRGRPS, the
sampie must divide into exactly R groups, and not just R noda
plus 2 number of points that fluat unclustered among the
groups. Programs TRGRUP.BAS and TRGRPS.BAS yichd
identical resulis when the group structure is strong in the

Running the Program TRGEPS.BAS

The program uses the BASIC programing language, wril-
ten m conversational mode for processing from a teletype
console. After the RUN command, the program requests
values for the following paramcters:

Number of species (F)

Number of releves (V)

Mimmuom group size {5)

MNomber of groups (R)

Initial value of neighbourhood radins (C)
Increment in neighhourhood radius (0}

Values for P and N are requested first, and afier # and N,
values for 5 and R.5: can be set to one it no hypothesis
specifics a priori minimum group size. An initial value for R
derives from the hypothesis. Alternate values, small or large,
may be assigned 0 R in successive muns until a solution %
accepied. Tt is noted that running time and R are inversely
related.

Data imput s from DISK file RAWD which contains P
sers of N numbers. The data in computer core are stoved in
armmay D which has P rows and N columns, Data input is
followed by computation of relevé distances, The program
uses the Euclidean distance. However, if so desired, any
symmetric function of a relevé dissimilarity may replace the
Euclidean distance. The distances ar: stored in armay A which
has N? clements.

After the elements of A are generated, a search begins for
the smallest value. The messape initial value of linkage
parameter is printed followed by display of the smallest
distance value. A request to confirm this value is displayed
next. The user responds by typing either the same value, or
another value, which then serves as the initial value forC . The
program determines a maximum of 50 values, cach represen-
ting a difference between pairs of the smallest distance values
in A, ordered according to size, toassist inthe choice of a value
forthe increment 2 of C. Any value can be chosen. However,

it must be kept in mind tha a large value of D shortens the
compulation time required. while « small value increases
precision. A zero is nol permissible for £,

Omnee the program gets underway ., the sample is searched
for discontinuous groups. When exactly & groups are found.
the group descriptors are printed and the execution of the
program stops. If R groups are not found a new search begins
for B — | groups.

Printout of Results

Examples are given in the next section. When a solution is

tound under a curmment hypothesis for R, as modified by

parameters §, C, 2, the following descriptors are printed:

a. A value of C representing the cumment size of the neigh-
bourhood radius r at the last fusion. This can be used as a
global measure for coherence in the groups.

b. A label for cach group.

¢, Relevé labels in each group.

Resulis of repeated muns at different B can be used to trace 2

hierarchical group structure of relevés in the sample,

Results from Spartinetea

The results presented here derive from (he data in Table 1
representing saltmarsh releve section f {¥an der Maarcl,
Ordoci & Pignatti 1976, Lausi, Beeftink & Kortckans
1976). Inspection of the raw data reveals that an initial
hypothesis of 5 relevé groups may be tenable with S setequal to
5. When TRGRPS is run a solution is indeed found at this value
of R (see Table 2).
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The comespondence of the groups at the 5 group level in
TRGRPS and the units in conventional syntaxonomy is most
remarkable, The first group. and the second, are subassocia-
tiong (rypicum and saficomietosum) of Spartinetum mariri-
mae. The third group represents Spartinerum alfernifforae
the fourth Spartinenem patensis, and the fifth Spartinetum
townsendii.

A hicrarchical pattern of fusions, derived by repeated runs
of TRGRPS. BAS with different values of R, is traced in Fig.
1. Interestingly, the first fusion does not occur between the
subassociations of Sparrinenem maritimae, notwithstanding
expectations, but between Spartinetum maritimae salicor-
rietosum and Spariinetum townsendii. With these the other
submssociation, fppicum, fuses only in the second step, fol-

1. I
=18
i 2 5 3 4

Figure 1. Hierarchical structure in Spantinetea (Table 1) at the level
of 5 groups, Vertical scale indicates values of the neighbourhood
randivz. Symbols at the base designate syntaxonomic units recogni-
zed in TRGRPS. Legend to symbals: 1 - Spartineturt maritimee epi-
cr, 2 - Sparrinetunt maritimae seficornictosum, 5 - Spartingtun
tmsendii, 3 - Spartinetum afternifolioe, 4 - Sportinetum fatensis,
Mumbers 1 1o § identify groups in the compuier printouts at the
5 groups level in Table 2.
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lowed by fusions with Spartinetun alterniforge . and lastly,
Spartinetnm patensis.

Discussion
It is evident intuitively that the relevés in a discrete group
must exhibit a density pattern that permits their recognition as
members in a coherent group. Coherence, the discreteness of
groups, is associated with eriteria of non-overlapping neigh-
bourhoeods in algerithm TRGRPS. When applied to a sample
of Spartinetea, the results of a comparison of the groups
suggest that the method of group recognition in TRGRPS
resenibles the method of group recognition in traditional syn-
LANAMCNY.

The algorithm TRGRPS should be a usclul tool in the
hands of phytosociologists, interested in the construction of

syntaxononic systems and in the identification of a pﬂmmH

nicus path through neighbouring groups for which hicrarchi-
cal relationships are to be shown.

Summary

TRURPS can detect groups or signal if discrete groups can-
not be found in a sample. The present paper elaborates on the
concepts, describes the algorithm and provides illustrations
from syntaxonomy. A computer program ( TRGRPS.BAS) is
available from the anthor upon request.
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