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Abstract 

Mat!jka K..: Hierarchical semi -cluster analysis (HSCA): a new method oC gradien t analysis. 
Ecology (Bratislava), Vo1.12, No. 2,131 - 152, 1993. 

A novel method oC a priori sequentially ordered samples has been developed Cor vege tal ion 
transect evaluation . Some new coerficien ts o f associated similarity (homotoneity) arc: sug­
gested Cor its applicatio n. The HSCA procedures operate on the principle o( agglo meration 
and can be used to identity typical sam ple groups on a gradient. The method has been applied 
to data oC Cour short quad rat transectsof pond liLtoral vegetation and adjacent meadows oC the 
KratochvOe pond in South Bohemia. Vegetation zonation has been studied by use oC this 
method in dependence on the complex moisture gradient. Results are conCronted with those 
following from the classical cluster analysis and common classification as carried o ut by the 
Zurich -Montpellier school. 

1. Introduction 

Recent intensive progress of the method ofmultivariate analys is resulted in several 
new methods or in innovated existing ones (e.g. Or1OO, 1978; Gauch, 1982; Legendre, 
Legendre, 1987; Ludwig, Reynolds, 1988 among others). The hierarchical semi-cluster 
analysis, described in the present paper, sets out also from the fundamental<; of classical duster 
analysis, yet it makes use of !he a priori information on linear ordering of the samples. 

Let us have this exercise: There is a set of n points in a multidimensional space and 
established a sequence of!hese points. We should like to classity these points so, that we would 
obtain some continuous sections regarding to the sequence. It is a problem of constrained 
clustering. For using in ecology, a few methods were described (cl. Legendre, 1987). The 
typical plant ecological data are a quantified tist of species growing in the respective 
quadralS (phytosociological releves) along the transect on some gradient. In this 
example, the order numbers ofthe quadralS along the Iransect determine the sequence 
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of the classifying points (relevt!s). The method makes it possible also a classification of 
sections and boundaries for other sequentially ordered sets. 

The HSCA is a complement of the existing methods of constrained clustering which 
are possible to divide into groups: 

A 1. o ne-dimensional me thods, 
2. rwo- or more dimensional methods. 

B. 1. divisive methods (e.g. Gordon, 1973), 
2. agglomerative methods: 

a) routine clustering methods - clustering with a constraint (e.g. Margules, 
Faith, Belbin , 1985; a difference berween methods with and without the 
constraint consists in reduction of number of admissible combination of 
samples), 

b) special constrained methods (e.g. HSCA). 
It is included under term gradient analysis only the ordination teChniques but also 

an interpretation of community changes along the gradient. The determination of 
homogeneous areas the gradient is one of conditions of this interpretation. The 
successful solution of this ta rget is possible to realize by tools of constrained clustering. 
It is a reason to the including of HSCA into the group of gradient analysis methods. 

2. Description of the HSCA method 

In the following text, P denotes the tota l number of species on a transect (i.e. the 
total number of characters of the set treated), N is the total number of records within 
the set (i.e. of classified individuals), andX is the basic data matrix (for each its element, 
first index indicates the order of the species and the second one the order ofthe sample: 
X={xij], O<i$P and O<j$N). 

Using the basic matrix Xwe compute the matrix S=[Sij], O<i$N, O<j$N of the 
associated similarities (homotonei ties) of subsets. The elements ofa subset are formed 
by all relevt!son the transect section be tween quadrats i andj. Indices of these boundary 
plots are the indices of the respective element of the matrix S. The choice of suitable 
coefficients of associated Similari ty is very important for successful applications of the 
method. 

The HSCA procedure selects clusters (Le. sections along the transect) having 
maximum homotoneity and the method ensures simultaneously a hierarchical classi­
fication structure in the form ofa dichotomic tree (terms have been selected to suit the 
classical methods of cluster analysis). 

The entire process is carried o ut in the follOwing steps: 
a) Computation of the matrixS of associated similarities (independent of the choice 

o f acceptable coefficients). 
b) 1. Selection of thesequenceofn= li-j 1+1 samples (i .. j) so as to make the respective 

associated similarity Sij highe r or maximally equal to any other element Ski (k .. I). 
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b) 2. Rearrangement of the matrixS as to prevent in subsequent steps an imperm is­
sible classification of some sample i to j within the cluster of a higher order (that one 
may contain just whole cluste rs of lower o rders). E lements Ski (and Ski) of the matrix 
S are then substituted by an arbitrary negative value for 

1.k=itoj-1 & I=ltoj, 
2. k = i + 1 to j & I = j to N. 

b) 3. The entire selection procedure including the rearrangement of the matrix S is 
repeated following items b.! and b.2 until a complete union of all N samples is obtained 
[i t is (N- I)-times]. 

When carrying out the computer calculation after the program, some steps may be 
simplified. We may e.g. use just the half of the matrix S due to its symmetry. The 
computation of single elements is carried out stepwise, as in cluster formation only two 
neighbouring clusters of a lower order are considered. By selecting a defined cluster, 
we eliminate in the following course of the algorithm the pOSSibility of including so me 
samples from the series of theoretically feasib le clusters and the respective similarity 
coefficients are useless. From this reason, some elements of matrixS are not computed 
all. The portion of coefficients necessary out of a ll coefficients (i.e. (N-I)*Nf2) is 
dependent on the sample number N and on the average it makes 

2 4 N-2N _ i_ 2 
N+ N*(N-I) ~N i I ' 

For N=5 this is approximately 78 %, for N= 10 47 % , and for N= 50 just 11 %, 
respectively. 

Choice of the associated similarity coefficients 

The fundamental condition for applying any coefficien t of associated similari ty 
(homotoneity) is as follows (under presumption i<j) : 

It must be valid also: 

Sij :S min (Ski) 
isk<lsj 

Sjj = 1, 

SijE <0;1>. 

The coefficients for application are the fo llowing: 

(1) 

(2) 

(3) 

1. Average constaneyofall participating species in the given subset of records, which 
may be wrillen as 
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where QkI is the information on presence or absence of k-th species in I-th record, 
expressed by I or 0 respectively. If n is the number of records (n = I i-j I + 1), the mi­
nimum theoretical value of this coefficient is given by 

min (Sij) = lIn. 

The behaviour of the average constancy is explainable using the coefficient ex­
pressed by 

1-IISij 
Yij =1+ I; jl . 

It is identical for n =2 with the SOrensen's index of floristic similarity Cs (SOrensen, 
1948). Because the Ycoefficient does not however meet condition (I), the Yis not an 
applicable coefficient for the HSCA method. 

2. Next coefficient, using quantitative data (e.g. data on cover, biomass, abundance, 
etc.), is the variable Sqij defined as the supplement of the sum (over all species) of 
variances along the examined section of the transect containing samples; to j . We may 
therefore write 

I - Sqij = ~ Varij (Xk.) . 
~ 

This coefficient requires the data standardization on sum of significance of all 
species for each record (in other words, for each record we must have l:xk. = 1), the latter 
relation may be re-written to 

I - Sqij = cjj - iij, 

where cjj is the average value of the Simpson's index of dominance (Simpson, 1949) 
for releves; to j and il" is the identical index calculated for relevant average record, i.e. 
such a record in which the significance of each species is expressed by the average 
significance (for example the cover of species) for the respective species in records i to 
j . Further we have 

min (Sqij) = I/Pij 
(Pij is the total number of species in records; to j). 

3. An entire series of coefficients can be derived from any single similarity index 
(whose supplement to one is the metric or submetric) by taking for the associated 
similarity coefficient the lowest value of the single similarity index from those which 
exist for all pairs of records within the given section of the transect (principle of most 
distant neighbours). For such a category of measures the already mentioned SOrensen's 
index Cs had been already chosen. The respective coefficient is given by 

dCij = min (CSkJ) . 
kJ E<ij> 

4. Due to the fact that the maximum theoretical Euclidean distance of two samples 
as points in a P-dimensional Euclidean space is equal to .'2 by standardization as for 
the coefficientSq, we may use the supplement l-ED!v'2 as the similarity index and treat 
it analogously to the previous case: 
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dEij = min (I-EDkJ1Vl. 
k.JE<i.j> 

Using similarity coefficient (S, Sq, dC, dE, respectively) is in any case a part of the 
denotation of an actual procedure (HSCA/S, HSCA/Sq, etc.). 

Concluding, it is necessary to remark that the Moravec's coefficients of homotonei ty 
bH and cH (Moravec, 1971) do not satisfy the condition (I) and cannot therefore be 
used in the HSCA procedure. 

3. Study area 

The liltoral and meadow vegetation of the KratochvOe pond (432 to 435 m a.s. l.) in lhevicinity of Netolice 
in South Bohemia has been studied ( lat itude 49"13'40"N, longitude 148 IO'05"E). The main pan of the area 
is covered by a hoJoceneous floating loam, in contact with loess clays of Wilrme. Marginally, the neogeneo us 
sediments of Mydlovary strata series are also encountered . The porphyric melanocraticgranile is the primary 
mineral , uncovered only outside the study area. The area is counted among middle warm, humid to 
moderately humid, hilly climatic region (Vesec~ et al.,1958), having a mean yearty temperature abou t 7°C 
and annual precipitation of 600 to 650 mm. 

Littoral vegeta tion of the pond is formed by the stands of association of Caricetum datae Ko c h 1926. 
Can'cetum gracilu A I m qui s t 1929, Phragmitetum comnumu (G a m s 1927) S c h m a I e 1939 and Glye­
metum maximae Hue c k 1931 on the place with more intensive sedimenlations and accu mulation of 
organic matter. The meadow vegetation is formed byan untypicaltydeveloped associationAngelico-CirsielUm 
oleracei TO x e n 1937 in several varia nts containing different transition types. Further the re exist corn · 
munities with Geranium pratmse and othe r stands belonging to the allianceAlopecW"ion and A"holOtilm OIl . 
Riverine forest occurring in the region o f acidophilous oak forests represents the natural vegetation in th is 
area (Mikylka et at., 1968). 

4. Data collection 

Four transects orientated from the littoral zone towards the higher situated drier 
parts (consisting ofaltogetber 53 quadrats of I m2size; the quadrats did not follow one 
to other closely, their distances were more or less regular) were established in the area. 
For each quadrat, the cover of all vascular plantspecies was estimated (Table I and 2). 
New twelve degree modification of the Braun-Blanquet scale for abundance and 
dominance was used (Similar to the ordinal transformation, van der Maarel, 1979). 
Single values are expressed by integers, I to 12. In brackets, original values of the 
Braun-Blanquetscale are given: I (r), 2 (+),3 (+-1),4 (1), .. . ,11 (4-5), 12 (5), the zero 
value is used for absence of the species. The nomenclature of vascular plants is 
according to Rothmaler et al. (1982). 

The transect TJ (Table I ; total length 55 m) intersects tbe strongly limited littora l 
stands containing Carex gracilis and passes over the mowed wet meadow of the 
Calthenion, another transition to drier parts over the communities of the alliance 
Alopecurion to Arrhenatherion is recorded. At this point, the strongly ruderalisated 
stand with Geranium pratense and Urtica dioica begins and continues to a formerl y 
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Tab I e 1. Composition of vegetation along tra nsects Tt and T2. Estimated covers of species in va lues of 
12-degrce sca le in sample plOlS 1 m2 are given 

Transect 
n 12 

No. of quadral 
2 3 4 5 6 7 8 9 10 111213141516171819 2 345 6 7 

FilipelUJu/a ulmaria 2 3 5 4 

Glycma maxima 7 6 4 

Pha/aris anmdinacea 7 8 

Cara gracilis 9 7 

Equiserum palustre 2 

Spirockl/a polyrhiza 2 

Taraxacum offici/IDle agg. 

population t 3 5 5 5 4 3 1 3 5 

population 2 4 6 6 5 7 5 

Cara vesicaria 6 8 

Galeopsis tetrahit 

Poa prarensis 5 6 6 4 5 7 5 5 5 5 5 4 6 6 4 3 5 6 5 

A/opccurus prarellSis 6 3 5 3 4 4 4 3 3 3 6 4 4 5 4 

Festuca pratcllSis 3 3 4 5 6 5 6 6 5 5 6 3 3 6 5 5 4 

Ruma acctosa 3 3 3 3 333 4 3 3 3 

LOIhyrw pralensir 3 6 5 4 3 4 3 5 3 3 3 5 

Rallwlculw auricomw 3 3 3 3 4 3 

Rallurlculus acns 3 6 6 3 3 3 3 3 3 3 3 

Cardamille prarcIIsis 5 4 3 4 3 

Festuca rubra 5 2 4 3 5 6 5 7 

Deschampsia cespitosa 3 3 3 2 3 4 

Sallguisorba officina/ir 4 5 5 5 3 5 3 3 3 

Myosotis flemorosa 

Trifolium rt!pcns 3 4 4 4 3 3 4 

Lychnis flos-cuculi 3 5 3 

Ronurlculus repens 5 6 3 3 4 4 3 5 3 

Cara pallicea 3 3 3 

Co1Jho paIwtris "'p. laew 5 5 3 

Juncus anicuJatus 

Veronica serpyllifolia 

Tnfolium protellse 3 4 4 5 5 4 3 5 

CerastiwlI holosteoicks 3 3 3 3 
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Tab I e 1. (Continue.) 

Transect 
T1 12 

No. of quad rat 
1 2 3 4 5 6 7 8 9 10111213141516171819 1 2 3 4 5 6 7 

Holcus lanalUS 4 5 4 5 6 6 6 6 5 5 5 5 4 4 

A1uhawnthum odonuum 4 6 6 6 7 5 3 5 5 5 

£leocharis palusrris 

Planlago lanceolala 2 3 3 3 3 4 3 

Juncus fiU/ormis 2 

Angelica sylvestri.s 3 

ThalictTUm lucidum 

Achillea mille!o/iwn 3 3 5 5 5 3 3 5 5 

LuzuJa campesrris 3 3 3 

Ajuga reptaru 

Alchemilla JUbcrmota 3 3 3 3 2 3 4 3 3 

Cynosurus cristotus 3 3 3 4 3 

Cirsium pa/usrre 3 3 

LolUS comicu/alUs 3 

Cirsium oleraceum 3 

A vmula puJxscms 3 3 4 

Succisa pratmsis 

Geranium pratmse 3 4 6 5 5 5 5 6 5 

Dactylis giotnUalO 3 5 4 5 6 5 

£quiserum arvense 2 

Tri.serum flavescms 3 3 5 3 4 5 

Lt:uealIhmrunia4mum 3 3 

Saxifroga granulata 5 

Veronica chamaedrys 3 2 

Stel/aria grammea 

Pimpindla major 3 5 4 3 3 3 

Knoutia orvensis 3 

BelOnica officinalis 3 3 

Herac/aun sphondylium 5 5 4 5 3 

Urtica dioica 4 4 4 5 6 

Aegopodiwn pod4grario 4 5 

A/lfopyron "'pens 5 8 7 7 7 
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Tab I e 1. (Continue.) 

Transect 
No. or quad rat 

Sullaria gramim:a 

Trp..apmunnm.m 
Capse/la bursa-pasroru 

Horthum vu/gare 

Myosorir arvmsir 

Brassica nopus 

Veronica ogresris 

Carahina 

Ga/ium apmine 

Anlhriscus sylvt:Srris 

Rumex obtusifolius 

Poa palusrris 

Plantago major 

Myosolon aquaticum 

Ranunculus scderatus 

Symphyrwn officinale 

AlopecUJU.J aequo/is 

Stdlaria uliginosQ 

Scirpus sylvaticus 

Galium palustre 

Tl 
1 2 3 4 5 6 7 8 9 10111213141516171819 

3 335 

3 4 

4 2 

3 

2 

443 

12 
1234567 

4 4 4 6 

4 3 

6 7 

1 

5 

3 

3 

4 5 5 5 

4 5 4 

1 

abandoned field. Soil is strongly compacted in these parIS of the transect and a more 
intensive wetting manifests itself (most probably as a consequence of the preceding 
phenomenon), with a prevailing stand of Glyceria maxima. 

The transect 1'2 (Table 1; total length 12 m) is an analogy to the first one and depicts 
the basic sequence of wet mowed meadow vegetation. Its first quadrat catches however 
the end of the Glyceria maxima swamp community. 

The transect 1'3 (Table 2; total length 34 m) leads from shore swamp with accumu­
lation of (prevalent organic) deposits (with Phragmites communis, Glyceria maxima, 
Carex gracilis and Phalaris arundinacea) over the periodically mowed stand beginning 
by a transition zone with Filipendula ulmaria and Carex vesicaria. The total species 
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Tab le 2. Composition of vegetation along transccts 1'3 and T4. Estimated coven of species in v~ lues 01 
12-degrec scale in sample plots 1 m2 arc: given 

Transect 
T3 T4 

No. of quadrat 
2 3 4 5 6 7 8 9 10111213 14151617 18 1 2 3 4 5 6 7 89 

Phragmilu DUStralis 6 6 5 233 4 3 5 4 2 4 

Gfycma maxima 7 7 3 

£quisaum paJuslT< 3 2 2 2 3 3 3 3 I 

Pha/oris tlI'WIdiruJcta 6 9 9 9 9 DD6 

Cara gracilis 3 7 5 5 6 4 

0IItivl pab-u ssp. /QaQ 4 3 4 4 

Ranu.ncuJwauricomus 3 3 4 4 4 2 2 3 3 4 4 4 4 4 

Cara brizoidt:s 6 5 5 4 5 6 5 6 4 3 

Cirsiwn palustn 3 2 4 2 5 5 3 4 

FiJipcndu1a ulnuuia 5 2 2 4 2 5 5 

Ranuncu/w rrpms 5 4 4 5 4 3 3 

Cara vericaria 3 2 2 

LAlh)"U praIQuis 3 4 4 5 

Myosoris nmtOrOSa 3 2 3 

G alium palustn 3 2 3 4 

POD palustris 5 6 

JunCWt!fww 3 3 

Festuca ",bra 4 2 5 6 6 8 7 7 9 6 7 7 6 7 9 9 R 

Cardomine prDlmsis 2 4 4 4 4 4 3 4 3 4 3 1 1 I 
Holcw lanarus 2 5 5 5 5 3 5 3 5 5 6 5 4 

Sanguisorba olJiciNJ/is 5 5 5 4 4 3 4 3 5 5 6 5 5 6 7 8 

Poa pralmsis 4 4 4 6 4 6 4 

Cara nigra 4 4 4 5 3 3 4 5 5 3 

AmhOXDnlhwn odoratum 4 5 5 4 4 5 4 

Lychnis flos-cuculi 4 4 2 4 2 3 3 3 

Cara ponicta 4 4 4 4 4 

G eum rivalt 222 

Juneus filiformis 6 5 6 4 

. 1 Va/mona dioica 4 

Cara conescms 2 4 

Furuca pralmsis 2 4 4 4 5 5 4 3 5 5 4 5 3 4 

Rumex acetosa 4 2 4 2 3 3 3 3 3 3 4 4 
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Tab I e 2. (Continue.) 

Transect 1'3 T4 

No. or quadrat 
1 2 3 4 5 6 7 8 9 101112131415161718 1 2 3 4 5 6 789 

Geranium pralense 2 4 4 3 3 3 3 

Ranunculus acns 2 2 4 2 3 3 4 5 

Dtschampsia cespiloso 4 4 5 5 5 5 4 

Agrostis slolonifero 2 4 

Cerasrium hclosreoides 2 5 

Alchemi/la subcreflOlO 2 2 3 3 5 5 4 

Angelica sylvt:Stris 2 3 3 

Luzula campe.rcri.t 2 2 3 3 

CarahirtQ 2 4 3 

Se/ilium carvifolia 2 

A venula pubescms 3 3 4 

AlofX!cwus pralt!!l.sis 6 4 6 5 

Ajuga reptaflS 3 

Saxifraga granulata 3 4 4 3 

Trifolium hybridum 4 3 

Ranwlculus jlalnmu/a 4 3 

TnJolium repOls 4 

Epilobium sp. div. 

Lpimachia nummulariiJ 

Tarawcwn offici/we agg. 
. 

4 4 5 

Carex /eporino 4 

GaliwlI uligillosum 

POloui/la erecta 

Phyteuma lIigrum 4 

Galium boreale 5 4 

Belollica officina/is 3 

Bma media 3 

Carex pa/lescolS 

Campanu/o pOIU/a 4 I 

Phleum pr%lSe 4 

. 
This taxon is ident ica l with population 2 in Table l. 
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Tab I e 2. (Cont inue.) 

Transect 
No. of quadrat 

Veronica arvensis 

Agrostis tenuis 

Trisetum flavescms 

Pimpinella major 

T3 T4 
1 23 4 56789 101112131415161718 12 3 4 56789 

1 1 6 

6 

diversity and equilability is increased here immediately. The respective slands may be 
classified within the suballiance Calthenion. Next follows the stepwise transition to 
dryish growths (Alopecunon pratensis) of Festuca pratensis, Geranium pratense, Luzula 
campestris, Alopecurus pratensis, Saxifraga granulata, etc. 

The transect T4 (Table 2; total length 16 m) leads from the edge ofthe meadow near 
the coastal willow woods and represents further an analogous sequence of phylocoe­
noses as presented in the preceding transect, yet on a steeper gradient. 

The cluster analysis after Ward's method (sum of squares clustering, SSC, see e.g. 
Orl6ci, 1978; Legendre et Legendre, 1983) using Euclidean distance (EO) has been 
used for comparison. 

5. Results of an application 

Cluster analysis of all the releves has been carried out using data on simple presence 
of species (Fig. 1) or on estimates of cover for single species (Fig. 2). Based on obtained 
results, seven or ten vegetation types have been discerned, having some specified 
distribution within the shore plant zonation (Fig. 3). As follows from a comparison of 
both classification procedures (Table 3), both points of view must be considered when 
evaluating the communities represented by vegetation records of single quad rats: the 
presence of a species and its quantitative representation (cover). 

All the transects have been evaluated separately by the new method using two 
associated similarity indices - the qualitative index (HSCNS procedure, Figs 5,7, 9a, 
and 9b), and the quantitative one (HSCNSq procedure, Figs 6 and 8). The obtained 
results correspond to classifications produced by common methods of cluster analysis 
using presence-absence data or covers. 

As may be seen from all the presented clasSifications, their results differ, sometimes 
apparently diametrally. Some mutual features can be found despite that fact. Setting 
out from numerical classifications of all quadrats (Figs 1 and 2), and considering two 
systems of units differentiated in this way, we may construct their sequence along 
individual transects (Fig. 3). As may be seen, we have generally distributed sequences 
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Fig. 1. Numerical classification of all quadrats (transects 11 10 T4 in meadows on shore of Kratoc.hvOsky pond, South Bohemia) using the SSClED (sum of 
square clustering with Euc1idean distance metric) method and presence/absence data. AI, Al, ... , Cz are designation of the classification groups (by the use 
oflhis type of data and method). 
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Fig. 2. Numerica l classification (sim ilar 10 Fig. 1) of a ll quad ra ts (Iransects n to T4) using the SSC/ED method and estima tes of covers of a ll species as 
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Tl: Al - Bl - B, - A, - Al 

T2: Al - Bl - B2 
A 

T3: Al - A2 - Al - Cl - C2 

T4: Cl - C2 

Tl : Al - -- --- D" - Bl - Cl - B, - A2 - Al 

T2: Al --------------------- B, 
8 

T3: Al - D - D" - B2 - C3 - (C3 ,Cl 

T4: B2 - C, - ( C2 , Cl 

Fig. 3. The sequence of vegetat ion types along studied transects (T1 to T4) on the basis of simple species 
attendances (A) or of species cover values (B). Designations of classification groups are given in the Figs 
1 and 2, respectively. 

of vegetation types on the place. We can also evaluate a relation between classification 
based on presence or absence (0/1 data), and classification based on species covers, 

Tab I e 3. The dependence between two classification systems with dala of presence/absence (+ /- ) or with 
data of species covers (5. c.). The relation is expressed by numbers of quadrats at the separate combinations 
of vegetation types (see Fig. 1 and 2) 

. 
s.c. data D D A l A> Bl BI B, C, C, C, 

+ /- data: 

A> 4 

A, 2 2 6 

A> 4 

B, 3 

B, 3 8 

C, 3 4 

C, 2 5 4 

144 



S • B 

.7 

. 6 

• 5 

I 
d • 1 c 

. 4 

. 3 

.2 

· I 

1-
1-

t-
o-

0 

N fT) -.t III co r--.. (X) Cl 

...... -----
F ig. 4. Sequential classification of th e quadrats of the transect T1 usi ng the method HSCNS (with average 
constancy of all participating species). 

Sq • I 

· I 

• b 

o 

d 

o ...... N (11 ........................ 

e g 

Fig. 5. Sequential classifica tion of the quadrats of the transect T1 using the method I-I SCNSq (with 
supplement of sum of species vanances). 
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which is strongly significant (Table 3). Based on such a classification and making use 
of current methods of inductive phytosociological classification, the vegetation 
sequences along the Ifansects may be valued as follows: 

Trull cl Tl " 
ssc p " " " " " 

• , , • HSCA. ! S <4 

ssc o " " " 1 " .,1 " " 
, 

HSC A I Sq • • , I • • I I , 

Tr .... cl TJ 18 

Cj SC P " " " 1 " 1 " 
• • , 

1 • HSC .... / S 6 
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HSC A IS<! 

Q " 
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D D' , , " I " " 
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, • 
Fig. 9. The comparison of four classification methods of two trans.eclS (11 and T3) . Denotation of classiCi· 
cation groups after respective figures (SSe p • Fig. 1, SSC Q • Fig. 2, HSCA/S - Figs 4 {transect Tt ) and 
6 (131. HSCNSq ' figs S(Tl I and 7 (T31. 
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Transect T I: 
I. Quadrats (further only q.) 1 and 2 are moderately mowed littoral stands, strongly 

limited, containing Glyceria maxima and Phalaris arundinacea. 
2. Q.3 to q.IO in the mowed meadow Calthenion grassland stand can be identified as 

an association Angelico-Cirsietum oleracei T ti x e n 1937 (containing species as San­
guisorba ojficinalis, Myosolis nemorOSQ, Callha pa/uslm, Cirsiunt oleraceum, C. pa/us/re, 
Lychnis jlos-cuculi, etc.). 

3. Q.I I to q.14 represent a transition zone to drier, higher si tuated stands (here with 
Achillea millefolium, Alchemilla subcrenara, Dactylis g/omerata, Triserum jlavescens, 

• 

• 

· · ~ • 
· :.;; 

• 

• 

( 

F ig. 10. T wo theoretically possible results of classifica tion of samples along some environmental gradient. 

A ~ The transi tion zone is classified as an independent unit havi ng more increased heterogeneity. B . Both 
halves of the transition l..one are ascribed 10 the neighbouring types. C 4 Relation between environmental and 

biotic gradient . 
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Pimpinella major and other species whose ecological coenological optima are known 
from the allianceAlopecurion). 

4. Q.1S to q.18 are situated at the edge of an abandoned field, at present mowed 
together with the lower lying meadow. Growth is indicated by Agropyron repens, 
Stellaria media, Tnpleurospermum inodorum and some other weeds and surviving 
culture plants. 

5. Q.19 is positioned in a small ground depression, strongly wet where Glyceria 
maxima dominated. 

The composition of the transect 1'2 is as follows : 
1. Q.1 and 2 - littoral from time to time mowed swamp, 
2. q.3 to q.5 - the Calthenion stand, 
3. q.6 and 7 - transition zone of the Alopecurion community. 
A relatively simple zonation was found for communities growing along the transect 

1'3: 
1. Q.I to q.9 - reed swamp, which may be sub-classified on a deeper investigatio n, 

the q.9 is mowed occasionally, 
2. q.10 to q.13 contain growth of the suballiance Calthenion , 
3. q.14 to q.18 are distinguished by transition zone vegetation at a gradually decrea-

s ing so il mois ture. 
The transect T4 may be divided into two parts: 
1. Q.I to q.3 with growth of Calthenion, and 
2. q.4 to q.9 representing the zone with decreasing moisture. 

6. Discussion 

The new HSCA method gives results analogous to those of hierarchical cluster 
analysis methods. Most important differences are not accounted by the proper method 
but by data transformations, as e.g. utilizing presence data (0/1 type) instead of data on 
quantitative abundance of all species (Fig. 9), in agreement with the work of other authors 
(see e.g. Kovar et Lep~, 1986). There is also an agreement between numerical and classical 
classification methods for vegetation on the investigated gradients. Most problems in 
comparing various classification do not arise by differentiated types of communities but by 
transition zones sometimes designated as ecotones (cf. Odum, 1971 and others). 

Two possible artificial cases are shown in Fig. 10. Different methods may classify as follows: 
a) the transition zone is classified as an independent unit showing however an 

increased heterogeneity when compared with adjacent types, 
b) both halves of the transition zone are ascribed to the neighbouring types sepa­

rated by this transition zone. 
The first situation can be observed e.g. for transect TI for quadrats 11 to 14 when 

using the HSCA/Sq method, the second situation manifests itself when applying the 
method HSCA/S. Many analogous examples may be found. 
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We can presuppose that HSCA procedure identifies groups of typical samples o n 
gradients. It ensues from the agglo merative principle of this method. 

Classification of the vegetation records on a topographic gradient represented by 
a transect is far from being the only application of this new method. Sequential 
ordering of samples may be carried out using any (logically and formally correct) 
method. It may use for example the results of a direct gradient analysis (in the sense of 
Whittaker et aI., 1973) or of some first coordinates of an ordination space. The method 
can be therefore used both for direct as well as indirect gradient analysis of communities. 

In another sense, time gradient may also be considered. Canell (1966) has defined 
altogether six types of analysis, the HSCA method can be used for four of these types: 
Q - among sequentially ordered objects (records) described by sets of participating 
species, 0 - among times in a time series described by all species on a defined area, 
T - among times in time series using the change of representation of one species on 
different areas, and S - among sequentially ordered Objects (records) described by the 
change in representation of a certain defined species in time. 

Generally, any sequentially ordered set may be classified using the HSCA method, 
all characterized by a defined number of characters. It could be the results of pa lyno­
logical analysis of peat profiles, or data on the succession or dynamics of some 
communities. The method can be used also for differentiation and classification of soil 
layers and microhorizons or for the classification of sediment layers. 

The ordering of samples may be provided in one-, two- or more dimensional space. 
Margules, Faith and Belbin (1985) discussed the two-dimensional methods of con­
strained classification and their use in geography. The HSCA operates on the simplest 
possibility - a one-dimensional constraint (in sense Legendre, 1987). 

The so-caUed barrier analysis was described in the past (Gordon, 1973) based on the 
principle of division and it is being used forautomaticevaluation of pollen stratigraphy. 

Legendre (Legendre et aI., 1985) has used the similar base as the preceding author 
for evaluating successional changes in communities. Their method is called chrono­
logical clustering, and it uses some ideas of the ecological model of succession. 

Webster (1973) used a statistical approach to constrained clustering (by comparison 
of halves of segments along a gradient) and this method has been applied for data of 
soil properties. 

7. Summary 

For the vegetation classification along transects, a new method - hi erarchica l 
semi-cluster analysis (HSCA) involving new similarity indices was developed and 
applied. As proved, this method meets the demand o n a method classifying samples 
ordered sequentially in advance. The results obtained are comparable with the classi­
fication by means of hierarchical clustering. More possibilities for applications of the 
method are proposed. 
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Phytocoenological records resulting from quadrats having an area of 1 m2have been 
classified, situated along four transects on the shore of the Kratochvlle pond near 
Netolice (South Bohemia, Czechoslovakia). The formation of vegetation wnes on the 
shore, depending on the moisture conditions of the stand and on the way of its 
cultivation (or general anthropic influence), has been described. The general outline 
of zonation can be expressed as follows, making use of the Zurich-Montpellier synta­
xonomical system: littoral stands (Phragmitetum communis, Glycerietum maximae), 
Calthenion (e.g. Angelico-Cersietum oleracei), transition community types,Alopecurion 
(in a certain sense its growths may be taken also as transitional, depending on the 
steepness of the gradient),A"henatherion. 

The HSCA program was written in FORTRAN and compiled under MS-DOS for 
the IBM PC and compatible computers (as up-building of the PC-ORD system; 
McCune, 1987) and in BASIC (for Hewlett-Packard 85, with graphical output). Both 
ones are available on the address of the author. 

Translated by Z Stubdlek and the author 
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Receil'~d /5.4. 1991 

Mal~jka K.: Hierarcb.Jck.8. semishlukova analjza . nova meloda gradlenlni analjzy. 

Nov~ metoda k.lasifikace pfedem sekvenf!nl!: uspof~danfch Vlorkll byla vyvi nuta a aplikov~ na pM hod no­
cen{ vegetatnkh transektu. Soutasnl!: byly nameny nl!:kter~ koeficienty vnitfnf podobnosti (homo loncity) 
skupin vzorku a tyto byty zarnzeny do a analyrov~ny v syst~mu jil exislujfcfch koeficienlu. Nov<1 meloda 
HSCA pracuje na aglomerat ivnfm principu. Mule bft pou1ita k idenlifikovanf typickfch skupin Vlorku na 
gradientech. Metoda byla aplikov;!ina pfi hodnocenf i:: tyf kr;1tkfch l.."va dratoySich transcktu n<l pobfdi Kra ­
tochvflsk~ho rybnfka u Nelolic v ji1nfch Ccchach. Byla studov~na vegetaf!n( zonace na pobtcff v souvislos!i 
s komplexnlm vlhkostnim gradientem. V9sledky metody HSCA byly srovnany s vfsledky klasid.-Ych metod 
shl ukov~ analyzy a s hodnocen(m provedenym na zakladl!: postupu Cu~ko-Montpelljcrsk~ fytocen ologicke 
!koly. 
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