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Introduction 

Since Benninghoff & Southworth (1964) published an 
abstract of their computer program for ordering phyto- 

sociological tables according to the Braun-Blanquet (1964) 
method along the lines developed by R. Ttixen and 

collaborators in the 1930's (which were first described in 
detail by Ellenberg 1956, see also Mueller-Dombois & 

Ellenberg 1974), many similar programs have been devised. 
They have been briefly reviewed by Westhoff & van der 
Maarel (1973), who distinguished two types of program: 
a. for tables with comparatively many relev6s and few 
species, b, for tables with comparatively few relev6s and 
many species. The Type a programs concentrate on finding 
groups of species with a similar distribution within the table 

which can be used in finding species/relev6 blocks. Typical 
examples are the programs by Moore (1973, Moore et al. 
1970), Ceska & Roemer (1971) and Stockinger & Holzner 

(1972, see Holzner, Werger & Ellenbroek~ 1978). 

* Nomenclature of satt marsh species follows Lausi, Kortekaas 
& Beeftink (1978); for names of Arrhenatheretum species see 
Oberdorfer (1970): Pflanzensoziologische Exkursionsflora ffir 
Sfiddeutschland, 3. Aufl., Ulmer, Stuttgart. 
** Contribution from the Working Group for Data-Processing 
in Phytosociology, International Society for Vegetation Science. 
*** The program has been tried and discussed by students and 
colleagues in our Department, We thank them for their help, 
particularly Drs. Wil Kortekaas and Drs. Willem Schenk. The 
first author introduced the program and prepared a draft of the 
manuscript at the Department of Plant Ecology, University of 
Lund, during his stays there from 1975-1977 under a grant of the 
Swedish Natural Science Research Council (NFR-B252605). 
The invitation of Prof. Nils Malmer for the visits to his depart- 
ment and the discussions of results from TABORD with ill. 
kand. Stefan Persson, ill. kand. Sven Jens6n and ill. mag. Carin 
Tyler are gratefully acknowledged. Meanwhile Persson (1977) 
completed a manual on TABORD in Swedish. Finally we thank 
Prof. L/tszl60rl6ci for his comments on the manuscript. 

The Type b-programs concentrate on relev6 grouping on 

the basis of mutual (dis) similarity values and produce 
tables with the relev6 groups ordered according to their 
group (dis) similarities. A typical example is the program 

by Spatz (1972, Spatz & Siegmund 1973, see also Mueller- 
Dombois & Ellenberg 1974). 

In both types of program the objective is to impose a 
diagonal structure on the table, i.e. to obtain a sequence of 

relev6 groups from left to right and one of species groups 
(as they differentiate the relev6 groups) from top to bottom 
so that the species relev6 blocks occur from left top to 
bottom right. 

Thus most table rearrangement programs are essentially 
concerned with both releves and species. This twofold 
approach is also characteristic for the traditional manual 

ordering of phytosociological tables according to Braun- 
Blanquet and Tfixen, with the difference, of course, that 
usually only small tables are sorted by hand. There would 
be much value in a computer program approaching a 

table in two directions. The two-parameter inosculate 
method of Dale (Dale & Anderson 1973, Dale & Webb 
1975) may be a good start, but no results on phytosociologi- 
cal tables are available yet. 

In most of the programs referred to, a finishing touch by 
the investigator is needed, which mainly consists of chang- 
ing the position of species. In some programs, this final 

step is incorporated in an additional program. 
Since the 1973 review, entirely new programs have not 

become known to us, but most of the existing programs 
have been refined and further improved (see Westhoff & 

van der Maarel 1978 and van der Maarel, Orl6ei & 
Pignatti 1976 for references). Dale & Quadraccia (1973) 
introduced an interactive tabular sorting program with a 
graphic display. Clearly, the automized final rearrange- 
ment of a table will usually both improve its structure and 
diminish errors. 
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Our program was initially developed in 1970 for the 
Working Group for Data-Processing. Janssen (1972) 
published the essentials of the program and a first applica- 
tion, whereafter Janssen and van der Maarel made the 
program available for external use under the name 
TABORD in 1972. This version has been supplied to many 
users and regularly improved on in various details, 
mainly by Louppen. 

TABORD structures comparatively large phytosociolo- 
gical tables, i.e. with many relev6s and many species, 
which is considered a major advantage in phytosociologi- 
cal data-processing (van der Maarel 1974, van der Maarel, 
Orl6ci & Pignatti 1976). TABORD differs in approach 
from most of the existing programs which are not adapted 
to such large tables, either because they require too much 
computer storage and time, or because the finishing 
manual work is too complicated. TABORD is written in 
FORTRAN IV. A listing on punchcards is available on 
request. 

Description of TABORD 

TABORD is essentially a clustering procedure based on 
relev6 similarity, combined with a procedure for obtaining 
a diagonal structure of clusters in the table. The program 
includes the following steps: 

Establishment o f  initial clusters 

The procedure starts with the establishment of a number of 
initial clusters. Usually the investigator has at least some 
idea about the floristic structure of the relev6 set to be 
clustered and tabularized. Therefore the procedure normal- 
ly starts with the formation of initial clusters by the inves- 
tigator. If there is no such preconception or if one wishes to 
avoid any personal influence on the clustering process by 
subjective choices at the beginning, the program generates 
initial clusters automatically, by assigning relev6 1 to 
cluster 1, rel. 2 to cl. 2, etc., up to the k-th relev6, if the 
number of initial clusters is chosen k; rel. k + 1 is assigned 
to cl. 1, etc. up to the last relev& 

Clearly such a start means a considerable saving of both 
computer storage and calculation time as compared with 
clustering methods building up a hierarchy from a single- 
relev6 (dis) similarity matrix. As will be discussed below the 
possible drawbacks of automatical initial Clustering can be 
coped with in some subroutines incorporated by the 
program. 
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Another initiation would be the application of some 
numerical classification procedure prior to TABORD to 
arrive at the initial clusters. This would only fit into the 
TABORD strategy if the numerical procedure would be a 
very rapid one. In Lund (Persson 1977), the monothetic 
binary divisive program DIVINF, based on maximum 
decrease in the value of the information measure I (Lance 
& Williams 1968) is used. 

Relocation 

The initial clusters are subjected to a relocation procedure, 
which we adopted from the RELOC subroutine in the 
CLUSTAN package of clustering programs (cf. Wishart 
1969, 1975). The position of each relev6 is compared to the 
centroid of each initial cluster and placed in the cluster 
with which it shows the closest link. After the position of 
all relev6s is checked, a second iteration starts in which 
again all relev6s are compared with the centroids of the 
clusters formed during the first iteration. Usually after 4 to 
6 iterations the clusters are stable. To avoid endless itera- 
tions in the exceptional case of relev6s having equal (dis) 
similarity to two or more clusters, a maximum number of 
iterations is specified. 

Measurement o f  (dis) similarity 

To measure (dis)similarity we adopted 26 criteria from the 
total set of 38 in CLUSTAN, i.e. 13 coefficients for either 
numerical or binary data, including the information mea- 
sure, product moment correlation, Canberra metric, 
Euclidean distance and similarity ratio. We have mostly 
used the similarity ratio, name and formula introduced by 
Wishart (1969), and found it an attractive measure of 
similarity. It is related to the well-known Jaccard formula, 
but it handles quantitative scores of species more effi- 
ciently: 

x~Yl 
Sx, y - E x ~ + Z y ~ _ Z x , y  ' (i = 1 . . . . .  n) (1) 

where x~ and yzare the scoresof species i in relev6s x and y 
and n is the number of species. 

Comparisons of values obtained with this formula to 
those of the Jaccard and S~brensen formulae (cf. Goodall 
1973) show that they are intermediate between the some- 
what lower Jaccard and the somewhat higher S~brensen 
values. 

The similarity ratio can also be used for the comparison 



of one single relev6 with a cluster in the following manner 

(cf. Janssen 1975): 

N ~ x~z~ 
S~.~ - N2 2 x~ + Z z~-  N Z x¢z~ (i = 1 . . . . .  n) (2) 

where x~ is the score of species i in relev6 x, z~ is the sum of 
scores of species i in the relev6s of cluster z, N is the number 
of relev6s in cluster z and n the number of species occurring 

in either relev6 or cluster. 
The derivation of (2) follows from: 

Xi2 i 

sx, - Ex +E#_Ex   (3) 

where i~ is the centroid of cluster z and i x the average score 

of species i in cluster z. 
Since zi = (I/N) z~ we can write (3) as: 

1 ~ x~z~ 

S~,. = 1 1 i = 1 . . . . .  n. (4) 
2 

U x z, Y,x,+  Zz,- 

After multiplying by N z we obtain (2) from (4). 

The results of the relocation procedure are printed 
iteration by iteration. For each cluster formed an average 
within-cluster similarity is defined as the average similarity 
of the individual relev6s to the centroid of the cluster. The 

similarity between all pairs of clusters is also printed. The 
similarity between clusters a and b is calculated for the 
eentroids of a and b as follows: 

N.Nb ~ a~bi 
S~'b = Nb2 E a{ + Na 2 L b2- N,Nb E a,bi 

i = 1 . . . . .  n (5) 

where N and N b are numbers of relev6s in clusters a and b, 
a i and b e are the sums of scores of species i in clusters a and 
b, and n is the number of species occurring in either 
cluster. 

In the computation procedure prior to eventual reloca- 
tion, self comparisons may be included when the similarity 
between a relev6 and its own cluster is calculated. If this is 
not desirable it is possible to have the relev6 removed from 
its own cluster when calculating the similarity. 

Naturally, species scores are expected as numerical 
values. In the Nijmegen versions we use a 1-9 code, which 
covers the Braun-Blanquet scale of combined estimates 

(cf. Westhoff & van der Maarel 1973, van der Maarel 

1979). In the printed table the original Braun-Blanquet, or 
any other symbols may be used. The species scores are 

expected in a matrix, either with the relev6s in columns, as 
is usual with phytosociological tables, or with the relevds in 
r o w s .  

Homogenization of clusters 

If the investigator wishes to avoid the inclusion of deviating 
re]ev6s with a low similarity to all clusters, including its 
own cluster, it is possible to homogenize the clusters by 
applying a threshold value. During relocation, relev6s are 
removed to a residual group whenever the similarity 
values with the cluster centroids are less than the threshold 
value. One can also run the program first without a thres- 

hold value, obtain an idea on the average similarity of the 
clusters obtained and then run a second round with a 

threshold value adapted to the cluster similarity level. 

Fusion ofclusters 

The program allows clusters to be fused. Logically, the first 

fusion to be performed is between the two clusters with the 
closest link. The cluster fusion is treated as a single cluster 
and the relocation procedure is repeated for the cluster 
fusion and all other clusters. This procedure goes on until 
either a minimal number of clusters or a fusion limit i.e. a 
minimal similarity level, is reached. Both limits are arbi- 

trarily established. A minimal number of final clusters may 
be desirable for survey or mapping. A minimal similarity 
(i.e. homogeneity) level may result from considerations 
concerning the homogeneity of types or syntaxonomical 
levels (see Westhoff & van der Maarel 1973, 1978 for a 
review of numer~cal-syntaxonomical studies, and Korte- 
kaas, van der Maarel & Beeftink 1976 for an example 

based on the similarity ratio). 
Further considerations related to cluster formation and 

fusion include the minimum size of clusters, the homogenei- 
ty threshold value and the handling of the residual relev6s. 
A minimum cluster size may be desired where the relev6 
set under consideration is to be generalized in terms of 
common types, or, in a table output, to avoid an irregular 
diagonal structure. Relev6s of clusters which decrease in 
size below the adopted minimum during relocation are 
placed in the residual group. On the other hand a minimum 
cluster size of one may be useful in order to avoid the run- 
off of relev6s into the residue, Although the residual 
relev6s are processed in subsequent relocation rounds, the 
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small but phytosociologically acceptable clusters which 
were formed, are lost. It is thus recommended to avoid 
residuals and consequently admit the single-relev6 clusters 

in a first pass of the rearrangement. 
A high threshold value should not be applied when the 

initial clusters are automatically formed by the program: 
many relev6s may be placed in the residual group and may 
not be replaced in a cluster during the following cycles, 
because of the relatively low homogeneity of the initial 

clusters and the threshold value. 

Construction of the table 

The main structure of the table is determined by the 
sequence of the clusters determined after the fusions. 
The program provides several options to obtain a sequence. 

The first initiates the table with the cluster which shows 
the lowest value of the ratio: number of constant species/ 
number of relev6s. A species is considered constant for a 
cluster if its frequencey in the table exceeds a level specified 
by the user. One may choose here the rather high value of 
80~,  thus obtaining eu-constant species in the Braun- 
Blanquet terminology, or the more effective value of 60 ~ ,  
thus obtaining constants in the normal Braun-Blanquet 
sense. The rationale for the suggested values is that in this 
way a relatively high number of constant species is re- 
tained for further clusters. If two clusters have the same 
value for this ratio, the cluster with the highest within- 

similarity is chosen. 
The second cluster is chosen according to t he  highest 

number of constant species in common with cluster 1. 
If  no cluster shares any constant species in common with 
cluster 1, this cluster is placed in the table and a next 
starting cluster is selected following the same procedure. 

The phytosociological table is then printed as follows: 

The relev6s of the starting cluster are placed to the left, in 
order of their current registration numbers, followed by 
the rele%s of cluster 2, also in order of their registration 
numbers. The species are then listed: in the top part of the 
table are the species that are constant in cluster 1 but not in 
cluster 2, arranged in order of their registration numbers. 
In the salt marsh studies this number follows from the 
Trieste code (Pignatti 1976). Any ad hoc or other systemati- 
cal numbering will be treated likewise. An advantage of 
using the Trieste code here is that large series of constant 
species occurring in one cluster are ordered according to 
genus, family and order. Species are printed with their 
registration number, name and any other specification the 
user has stored (up to 24 alphanumerical characters). The 
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species which are both constant in cluster 1 and 2 follow in 
the sequence, again in order of their registration numbers, 
then the constant species of cluster 2, those which are also 

constant in cluster 3, etc. The remaining species, not 
reaching constancy in any cluster, are printed last. 

The second way of obtaining a cluster sequence is to 
ordinate clusters and take the end cluster on an axis as 
starting cluster. In the present version of TABORD one 
may chose between the 1st and 2rid axis of a principal 

components analysis of a matrix of standardized Euclidean 
distances, following Orl6ci (1966) with extraction of 
components according to Householder as programmed by 
Roskam (1971), known as program ORDINA. In addition 
one may adopt a sequence according to position principal 
components obtained iteratively in the so-called Jacobi- 
type solution (Harman 1967). The listing of the species is as 
described above. 

Repetition of relocation and fusion procedure with other 
options. It is possible to repeat the whole relocation and 
fusion procedure with other options concerning homogen- 
eity threshold and/or fusion limit. Each round takes the 
final classification of the former round as the initial 
classification. One may choose various objectives, which 
are then achieved through a process which is essentially a 
successive approximation (Poore 1962). An obvious objec- 
tive is to start at a high fusion limit in order to obtain a 
table with many homogeneous clusters and to gradually 
decrease the fusion limit. Another logical procedure is to 

gradually increase the threshold value in order to obtain 
clusters with an increasing level of homogeneity but with 
a growing residual group. 

In cases where one is in doubt about an effective number 
of initial clusters, one may start with a high number, allow 
fusions to occur and simultaneously decrease the fusion 

limit and increase the threshold value. Another motive for a 
repetition of the procedure may be uncertainty about the 
optimal constancy level to arrive at a comprehensible 
diagonal table structure. 

Additional information presented in TABORD 

In addition to the results of the calculations described 

above, the following information is produced by 
TABORD: 

- The occurrences ofspecies in the finalclusters as absolute 
frequency (presence). 
- The occurrences of constant species in the clusters. 

The number of constant species common to pairs of 
clusters. 



- In addition to these, the significance of occurrence or 

absence of species in the clusters is calculated based on a 
chi-square test and the results are produced as chi-square 

values per species per clusters and as significance signs 
levels with signs for positive or negative associations at 
P = 0.05, P = 0.025 and P = 0.01. Since many frequency 
values in the cells of the two x two tables involved are very 
low, the results of this test are best considered in a less 
rigorous sense, as deterministic measures of the diagnostic 

value of the species. Such a measure is of particular use for 
species which are not constant. Species with low frequency 
but high positive association value resemble the average 
faithful species in Braun-Blanquet syntaxonomy. - the 

sequence of clusters is determined by the result of an 
ordination, distances between clusters, loadings on four 
dimensions and an ordination diagram with dimensions 1 

and 2 are produced. Although the cluster arrangement 

option based on constant species may be preferred (see 
Discussion) it is useful to have one round with an ordina- 
tion included because of the additional insight in the 
structure of the data. 

Finishin 9 touch by computer assisted visual sorting. 

The phytosociological table produced by TABORD is 
usually liable to some improvement, both in the sequence of 

relev6s and in the sequence of species. The efficiency of the 
cluster arrangement is often partly determined by the size 
of the cluster and the constancy level required. This could 

result in suboptimal sequences. Furthermore, the relev6s 
within one cluster are arranged according to their current 
numbers, which are of course arbitrary and this might not 

be optimal for visual interpretation. 
Changes may be preferred in species sequence in the case 

of species with a low presence in a cluster but a high 
positive association value. Species with an overall low table 
frequency might be deleted alltogether and placed in an 

addendum. 
It is very difficult, if not impossible, to automize proce- 

dures for such additional changes. Visual sorting seems a 
more appropriate approach and, of course, the simple 
changes of columns and rows can be done with computer 

assistance, including display (cf Dale & Quadraccia 1973). 
We developed a simple 'shuffle program' for replacing 
relev6s and species. 

Capacity 

~Ihe capacity of the present TABORD version run at 
Nijmegen on an IBM 370-158 system is adapted to a 

computer storage of 512 K bytes to which we have an 

instant access. The requirement is determined roughly by: 

R = 0,004(S(N + 3 C + 7) + 5 N + C(C + 7) + 100) + 150 K 
bytes (6) 

where S = number of species, N = number of relevds, 
C = number of initial clusters. 

Taking a ratio of 1 : 10 for initial clusters: relevd number 

as a reasonable average, this means that 300 relevds con- 
taining 250 species (and 30 initial clusters) could be 
handled, or 500 relev6s containing 150 species (and 50 
initial clusters). The previous version of TABORD had 
fixed dimensions, i.e. 200 relev~s, 250 species and 20 
initial clusters, requiring 384 K bytes. 

Examples 

Three examples will be discussed dealing with a. a simply 

structured table with few species; b. a relatively simple 
table with many species; c. a rather complicated table. 

Spartinetea 

Table 1 presents 50 relev6s of Spartinetea communities 
selected for testing multivariate methods for the Working 
Group for Data-Processing (Van der Maarel, Orldci & 
Pignatti 1976). The selection contains relev~s of the 

Spartinetum maritimae, Spartinetum townsendii, Spartine- 
turn alterniflorae and Spartinetum patentis (5 relev6s each) 
and 30 relev6s of variants and transitions, towards Salieor- 
nietum communities. Obviously the pure types should be 
reproduced in any TABORD output, while some freedom 
may exist with respect to the transitional relev6s. Various 
options were tried, the results of which may be summarized 
as follows: 

The structure of the selection allowed a visual interpreta- 
tion of an initial classification array of 11 clusters, including 
the five pure types. Relocation only led to some rearrange- 
ment of three clusters within the Spartinetum townsendii 
variants. All resulting clusters showed a high internal 

homogeneity, with average similarity values of over 0.80, 
but between cluster similarities were considerably lower 
with one possible fusion at the level of 0.69 and one at 0.66 
and further fusions at still lower levels. Inspection of the 
resulting table revealed that all 11 clusters could be 
recognized by their own characteristic species combina- 
tions, so no further fusions were performed. In this example 
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Table 3. Structured table ofSpartinetea relev~s as obtained in table 2 with additional changes in the sequence of relev4s and species. 
Species lacking a high constancy in any cluster have been left out. 

a threshold value (usually we use values between 0 and 
0.50) did not make any difference, because of the high 
homogeneity level of the clusters involved. 

An automatic initial array of 10 clusters with 5 relev~s 
each led to an almost identical end classification, which 
would be completely identical after fusions down to the 
0.60 level. However, this occurred only when no threshold 

value was applied. The same attempt with threshold value 
0.30 led to a large residual group, obviously because of the 
very low homogeneity of the random clusters at the 

beginning. 
Table 2 shows the resulting phytosociological table 

based on the constant-species-efficiency criterion (In our 
examples only data on species occurrences in the 1-9 
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ordinal transform scale and no data on site and vegetation 
structure are presented, Evidently all additional informa- 
tion on the stands and relev6s involved can be incorporated 
in the structured table.). The Spartina maritima cluster with 
only one constant species comes first and clusters 2, 8, 9, 10, 
11, 17, 5 and 6 with Spartina townsendii follow logically. 

All thes e clusters correspond to subassociations and 
variants described by Kortekaas et al (1976). Cluster 3, 

with Spartina alterniflora, is placed independently; cluster 
4, with Spartina patens, joins cluster 3. Each cluster can be 
characterized with its own combination of constant 
species. (In this and other examples we used 0.70 as 
constancy level). The chi-square test confirms the visual 

observations that the Spartina patens cluster has two 
species with a constancy below the level chosem but with a 
significant association to that cluster. 

On closer inspection this table can be improved. Cluster 
9 (one relev6) should join cl. 10, cl. 7 and 11 could change 
position. Also some species may be replaced. To consider 

possible changes the result of the (ORDINA) ordination of 

the 11 clusters is used (Fig. 1). The table output of this 
TABOR D run as such was also considered as an alternative 
but found less satisfactory, but the main sequence of table 1 
could be altered to conform to the ordination pattern by 
indeed placing cl. 9 between cl. 8 and 10, and cl. 11 between 
cl. 10 and 7. In this way a spiral is followed in which both 
dimensions are involved and moreover cluster 1 instead 
of the more extreme cl. 4 is taken as a starting cluster. The 
species sequence is adapted to the new cluster sequence and 
through visual inspection the diagonal structure is improv- 

ed. This finishing touch has been done with the shuffle 
program. Table 3 shows the end result. 

Arrhenatheretum 

Table 4 presents a version of the Arrhenatheretum table 
used by Ellenberg (1956) and Mueller-Dombois & Ellen- 
berg (1974) to demonstrate the process of tabular phyto- 
sociological synthesis according to Braun-Blanquet (cf 
Westhoff & van der Maarel 1973). Table 4 gives the so- 
called differentiated table, based on table 9.7 in Mueller- 
Dombois & Ellenberg with the deviating retev~ 19, already 
struck by the authors, placed to the end of the table. For 
this example the original ~o biomass estimations were 
converted into intervals of the ordinal transform scale. 
Only those species are listed which are either frequent in the 
table as a whole or characteristic for one of the community 
types involved. This list corresponds to table 9.7, left in 
Mueller-Dombois & Ellenberg (op. eit.), whilst the species 
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not listed are those of table 9.7. right, called remaining 
species by the authors (op. cit.). 

The 25 relev6s in this example have been put in a random 
order (table 9.2. op. cit.), which we do not reproduce here. 

Three types of vegetation were distinguished in the differen- 
tiated table, viz. Bromus-Arrhenatherum (columns 1 8), 

Geum-Arrhenatherum (col. 9 14), and Cirsium-Arrhena- 
therum (col. 15 24, with deviant relev6 19 in col. 25). 

Treatments were based on various initial arrays with 
8-12 clusters. These numbers of intial clusters seemed 
effective in view of the expected number of types on one 
hand and the total number of relev+s on the other hand. 
Treatments based on an initial array derived from visual 
inspection of table 4, and on two automatic arrays, with a 
fnsion limit of 0.70, led to similar results. A cluster of 
Bromus erectus relev6s was recognized, the same as in 

table 4, but without rel. 2 (col. 8), but we miss many of the 
differential species as indicated by Mueller-Dombois & 
Ellenberg (from Bromus erectus to Linum catharticum). In 

one case rel. 1 and 4 (table 4, col. 3 and 1), which both miss 

Salvia pratensis and Viola hirta, form a separate cluster. 
Rel. 19, the deviant one, always forms a cluster by itself. 

The Geum-Arrhenatherum type (for which, incidentally, 
Geum urbanum is not typical) is less clearly traceable. In 
most outputs a cluster is formed which contains the six 
relev6s of the type, but includes other relev6s: 13, 23, also 
2 in some cases. This result is confirmed by a Q-type factor 
analysis shown by Mueller-Dombois & Ellenberg (1974, 
fig. 10.12) themselves, which they have not used in the 
tabular sorting process. 

The Cirsium-Arrhenatherum type is still weaker. In most 

attempts the relevds assigned to this type are distributed 

over several clusters, including single-relev6 clusters (e.g. 
tel. 14 and 25). In one automatic initial array attempt, 
which produced only 5 final clusters, the relevds of this 
type were at once fused with those of the Geum-Arrhena- 
therum type. Again, Mueller-Dombois & Ellenberg (op. 
cir.) produce evidence supporting this similarity, viz. in the 
dendrogram of fig. 10.15. 

The final TABORD table as seen in Table 5, is based on 
an initial classification array of 13 clusters, with 0.65 as 
fusion level and 0.45 as threshold value. Only three clusters 
are left, one of which is a single-relev6 cluster with tel. 23. 
The two large cluster clearly show the existence of two 
rather than three community types in the material. 

In order to enable a more detailed interpretation of the 
relev6 set the program was run with a higher fusion limit. 
Fig. 2 shows the result of the ordination (ORDINA) in this 
TABORD run, with the same initial array but a fusion 



BROMUS ERECTUS 
SCABIOSA CULUMBARIA 
THYMUS SERPYLLUM 
SALVIA PRATENSIS 
KOELERIA PYRAMIDATA 
FESTUCA OVINA 
CAMPANULA ROTUNDIFOLIA 

VIOLA HIRTA 

BRIZA MEDIA 

LINUM CATHARTICUM 

GEUM RIVALE 

HOLCUS LANATUS 

MELANDRIUM DIURNUM 

ALOPECURUS PRATENSIS 

LYSIMACHIA NUNNULARIA 

LYCHNIS FLOS-CUCULI 

GLECHOMA HEDERACEA 

CIRSIUM OLERACEUM 

DESCHAMPSlA CAESPITOSA 

ANGELICA SILVESTRIS 

CAREX ACUTIFORMIS 

FILIPENDULA ULMARIA 

PIMPINELLA MAGNA 

POLYGONUM BISTDRTA 

ARRHENATRERUM ELATIUS 

DACTYLIS GLOMERATA 

GALIUM MOLLUGO 

POA PRATENSIS 

PLANTAGO LANCEOLATA 

FESTUCA PRATENSIS 

CHRYSANTHEMUM LEUCANTH 

RANUNCULUS ACER 

VERONICA CHAMAEDRYS 

ACHILLEA MILLFOLIUM 

DAUCUS CAROTA 

RUMEX ACETOSA 

Table 4 25 Arrhenatheretum relev4s taken from table 9.7 in 
Mueller-Dombois & Ellenberg (1974). The remaining species 
as listed in this table have been left out. 

limit of 0.80. Fig. 2 resembles the diagram presented by 
Mueller-Dombois & Ellenberg (op. cit. fig. 10.12) in 
showing the main environmental gradient from dry to 
moist underlying the variation in the table. This gradient 
can be followed along the horseshoe configuration from 
clusters 1 and 3 via cl. 2, 12 and 4, to cl. 5, 13 and 7. Finally 
Table 6 presents the floristic composition of these 8 clusters 
in the described sequence using species with a differentiat- 
ing value for one or two clusters. This table can be used for 
the interpretation of Fig. 2 and also for the inspection of 
the orginal division into three comtnunity types. Note that 
some of these species are not used by Mueller-Dombois & 
Ellenberg (op. cit. table 9.7.) to differentiate their types. 
Helictotrichon pubescens and Heracleum sphondylium are 
even usable as differentiators for the Geum-Arrhena- 
therum type. 
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Table 5. Structured table of the Arrhenatheretum relev4s of 
table 4 obtained with TABORD, with tlareshold value 0.45, 
fusion limit 0.65 and constancy limit 0.70. 

Thus, jn one combined TABORD-analysis we obtain 
most of the numerical results produced in separate analyses 
by Mueller-Domb0is & Ellenberg and moreover structured 
directly in a phytosociological table. 

Glauco-Puccinellietalia 

Table 7 presents the 58 relev6s of another selection of the 
Working Group for Data-Processing. The relev6s are 
placed in order of the collection from 17 tables of com-. 
munities from the order Glauco-Puccinellietafia. Com- 
munities 1-8 are represented with 3 relev6s (col. 1~4), 
comm. 9 with 4 rel. (col. 25-28), comm. 10 with 3 rel. 
(col. 29-31), comm. 11 and 12 with 4 rel. (col. 32-39), 
comm. i3 with 3 rel. (col. 40-42), comm. 14-17 with 4 rel. 
(rol. 43-58). The various community types involved can be 
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FACTOR1 

FACTOR 1 PLOTTED AGAINST FACTOR 2 

FACTOR 2 

Fig. 2. PCA-ordlnation of 8 clusters of Arrhenatheretum relevgs as obtained with TABORD with threshold value 0.55 and fusion 
limit 0.80. Cluster 1: relev~s 1, 4; cl. 2: tel. 2; cl. 3: rel. 3, 9, 10, 15, 24; cl. 4: rel. 5, 12, 13, 16, 18, 20, 22; cl. 5: rel. 6, 7, 8, 14; 
~1.7: rel. 19; el. 12: reL 23; cl. 13: reL 11, 17, 21, 25. See also table 6. 
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derived from the dominant  species characterizing them 
(see further Feoli 1977a). 

After various trials with varying threshold values and 

fusion levels, three runs were compared with a given 
fusion level, 0.70, and threshold, 0.20, all with 17 initial 
clusters, one according to the community representation 
as described in Table 7, one automatic array, and one 

similarly deviced regular array. The similarity between the 
three classifications was very high: 39 relev6s were placed 
in the same multi-relev6 clusters and 8 relev6s became 
single-relev6 clusters in all attempts. 

A new run was applied to an array of 18 initial clusters on 
the basis of these results. Only 6 relocations were needed to 
achieve stable clusters. The resulting clusters were consider- 
ed reasonably clear and homogeneous, but still some clus- 

ters incorporated deviant relev6s. Thus a further run was 
applied with 24 initial clusters, based on fusion limit 0.65 
and threshold 0.45 (Table 8). This table may be further 

improved manually with the help of the ORDINA cluster 
ordination as shown in Fig. 3. This is not demonstrated 
here. It appears that on fusion limit 0.65 the 24 clusters 
remain unfused and that, indeed, deviant relev6s remain on 
their own. 

Table 6. Structured table of the Arrhenatheretum relevgs of 
table 4 according to a Tabord-run with threshold value 0.55 
and fusion limit 0.80. The resulting 8 clusters are arranged 
according to the ORDINA-configuration presented in Fig. 2. 

(table 6 cont'd) Relev6 and cluster numbers are indicated in rows 
1-3 and 4-6 respectively. The community type according to Mu- 
eller-Dombois & Ellenberg (1974, table 9.7) is indicated in row 7: 
B = Bromus-Arrhenatherum type, G = Geum-Arrhenatherum 
type, C = Cirsium-Arrhenatherum type. 
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Table 7. 58 relev~s of 17 Glaueo-Puccinellietalia communities (selection e, see further table 1). 

The main structure of the table reflects the variation 
present in the relev6 selection comprising the Puccinellie- 
tum maritimae of the low salt marsh, the Plantagini- 

Limonietum of the upper low marsh, various forms of the 
Juncetum gerardii of the wet upper salt marsh, and the 
Artemisietum maritimae of the dry upper marsh. This 
picture is confirmed in Fig. 3, where the position of the 
major dominants is indicated. Thus the main division 
within the data set, marked by the alliances Puccinellion 
maritimae and Armerion maritimae, as shown by Feoli 
(1977, 1977a) for the same selection, is confirmed. Due to 
the relatively high fusion limit chosen, many of the clusters 
have a distinct species combination, e.g. clusters with 
Armeria maritima, Scirpus rufus, Puccinellia distans and 
Carex extensa. It.should be realized that these clusters were 
built into the selection (see selection procedure mentioned 
above). Thus it is no surprise to find these clusters back in 
the final configuration. Still many of the single relev6s 
ended up in quite different positions as compared with the 
original position in the author's tables. 

Discussion 

According to the general phytosociological approach as 
developed in our Department we attempted to combine the 
theoretical and technical advantages of selected numerical 
methods with the conceptual framework and the common 
sense of the Braun-Blanquet approach (see van der Maarel 
1975). TABORD is an outcome of this combined approach. 

The essentials of TABORD incorporate elements of the 
intuitive table rearrangement method of Braun-Blanquet 
and Tfixen. The first step, i.e. initiating clusters and homo- 
genizing them, resembles the polythetic subdivisive ele- 
ment in the Braun-Blanquet approach as pointed out by 
Moore et al. 1970, Moore & O'Sullivan 1972). The 
structuring of the table as realized in TABORD is another 
link to the classical approach. 

The procedure of finding a diagonal structure of relev6s 
combines two ideas: the choice of the most efficient 
starting cluster as the one with relatively many relev6s and 
few constant species and the subsequent arrangements of 
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Table 8. Structured table of  Glauco-Puccinellietalia relev6s of table 7 obtained with TABORD, with threshold value 0.55, fusion 
limit 0.75, and constancy limit 0.70. 
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l0 

Fig. 3. PCA-ordination of  24 dusters of  Glauco-Puccinellietalia relev6s as obtained with TABORD, with threshold value 0.45 and 
fusion limit 0.65. See also table 8. The position of  the main dominant species and the borderline between Puccinellion maritimae 
and Armerion maritimae are indicated. 
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clusters as well as (joint) constant species, combined with a 
check on the basis of an ordination of the clusters. In this 

way, an optimal structure may be expected, also with 

multidimensional data sets. 
Finally we should emphasize the great speed of the 

program. Simple tables are fully elaborated in seconds, 

large and complicated tables within tens of seconds. 
Some drawbacks we have encountered may now be 

mentioned: First the final cluster structure is dependent on 
the structure of the initial array. This would suggest the 

adoption of an initial array cluster based on a numerical 
classification, but then some of the practical advantages 
would be lost. We would prefer a combination of runs 
based on different initial arrays, in which the number of 

initial clusters varies. Since nowadays some of the numeri- 
cal techniques can be done at high speed and with a large 
capacity, it is becoming feasible to adapt the results of such 

a classification as input for TABORD. 
A second drawback is the distortion brought about by 

deviant relev6s. This drawback may be overcome by 
removing such relev& from the table. This can be done 
during the final preparation of the table, on the basis of 

visual inspection. 
Thirdly, users sometimes remark that the tables produc- 

ed in TABORD are difficult to read. However, if this 

happens the data-set is probably very complex. It may, for 

instance, incorporate different plant communities of a re- 
gion. For this, however, TABORD can hardly be blamed. 

This brings us to a final comment. TABORD can be a 
guide in creating some order in an apparently chaotic 
ensemble of phytosociological data. In doing so, it does not 
claim statistical perspective of objectivity. We are "ssen- 

tially dealing with a vegetational polyversum which 

cannot be approached with statistical methods assuming a 
universum. We consider an approach based on successive 

approximation (Poore 1962) as more productive. 

Summary 

TABORD, a program in FORTRAN IV for structuring 
phytosociological tables, is described. It is a clustering 
procedure based on relev6 similarity combined with a 
procedure for obtaining a diagonal structure in the table 

presenting the clusters arrived at. The following steps are 
described: 
- Establishment of initial clusters, either by the investiga- 
tor or on the basis of previous knowledge on the data, or 
automatically by the program. 
- Relocation, based on the RELOC-subroutine in the 

CLUSTAN-package of clustering programs. Various 

measures of (dis-) similarity are available, of which the 
similarity ratio is emphasized and descirbed. 

Homogenization of clusters through removal of deviant 
relev6s by adopting a threshold value. 

- Fusion of clusters on the basis of the between-cluster 
similarity pattern by adopting a fusion limit. 
- Construction of the table. The first cluster is chosen 

either as one showing the lowest value of the ratio number 
of constant species: number of relev6s, or as the one placed 

at the end of an axis of a cluster ordination. 
- Repetition of relocation and fusion procedure with 
other options. 

Finishing touch by computer assisted visual sorting. 

Various additional information on cluster structure and 
species occurrence in clusters is presented. The capacity of 
the program for an IBM 370-158 system, with 512 K bytes 

instantly available, is roughly 300 500 relev6s with 250 150 
species and 30-50 initial clusters. 

Three examples are discussed. An example with relev6s 
of Spartinetea showed that the resulting TABORD table 

reflects the.various communities and subunits as described 
in earlier work. An example of Arrhenatheretum relev& 

was used to demonstrate various numerical options in 
TABORD, which confirmed in a concise way what was 

shown inthe original treatment through many separate 
analyses. The third example comprises relevds of 17 
Glauco-Puccinellietalia communities. Again the TABORD 

table very well reflects the structure and earlier ecological 
interpretations. 

TABORD is considered a numerical elaboration of the 
intuitive table sorting procedure according to the Braun- 

Blanquet method. 
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