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Abstract

Matéjka K.: Hierarchical semi-cluster analysis (HSCA): a new method of gradient analysis.
Ecology (Bratislava), Vol. 12, No. 2, 131 - 152, 1993.

A novel method of a priori sequentially ordered samples has been developed for vegetation
transect evaluation. Some new coefficients of associated similarity (homotoneity) are sug-
gested for its application. The HSCA procedures operate on the principle of agglomeration
and can be used to identify typical sample groups on a gradient. The method has been applied
Lo data of four short quadrat transects of pond littoral vegetation and adjacent meadows of the
Kratochvfle pond in South Bohemia. Vegetation zonation has been studied by use of this
method in dependence on the complex moisture gradient. Results are confronted with those
following from the classical cluster analysis and common classification as carried out by the
Zurich-Montpellier school.

1. Introduction

Recent intensive progress of the method of multivariate analysis resulted in several
new methods or in innovated existing ones (e.g. Orldci, 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 fundamentals of classical cluster
analysis, yet it makes use of the 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 these points, We should like to classify 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 (cf. Legendre, 1987). The
typical plant ecological data are a quantified list of species growing in the respective
quadrats (phytosociological relevés) along the transect on some gradient. In this
example, the order numbers of the quadrats along the transect determine the sequence

]This? per was created in Institute of Soil Biology, Czechoslovak Academy of Sciences, Na saddkach 7,
3700 ¢é Budéjovice, The Czech Republic

131



of the classifying points (relevés). 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. one-dimensional methods,

2. two- 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 between methods with and without the
constraint consists in reduction of number of admissible combination of
samples),
b) special constrained methods (e.g. HSCA).

[t 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 target is possible to realize by tools of constrained clustering.
[t 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 total 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), and X is the basic data matrix (for each its element,
first index indicates the order of the species and the second one the order of the sample:
X=[xjj], 0<i<P and O<j<N).

Using the basic matrix X we compute the matrix §=|sjj], 0<i<N, 0<j<N of the
associated similarities (homotoneities) of subsets. The elements of a subset are formed
by all relevés on the transect section between 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 similarity is very important for successful applications of the
method.

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

The entire process is carried out in the following steps:

a) Computation of the matrix § of associated similarities (independent of the choice
of acceptable coefficients).

b) 1. Selection of the sequence of n= |i-j | +1 samples (i#j)) so as to make the respective
associated similarity S; higher or maximally equal to any other element Sk (k=1).
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b) 2. Rearrangement of the matrix § as to prevent in subsequent steps an impermis-
sible classification of some sample i to j within the cluster of a higher order (that one
may contain just whole clusters of lower orders). Elements Sk (and Sk) of the matrix
S are then substituted by an arbitrary negative value for

Lk=itoj-1 & [=110},
22k=i+1toj & [=jtoN.

b) 3. The entire selection procedure including the rearrangement of the matrix S is
repeated following items b.1 and b.2 until a complete union ofall N samples is obtained
[it is (N-1)-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 § 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 some
samples from the series of theoretically feasible clusters and the respective similarity
coefficients are useless. From this reason, some elements of matrix § are not computed
all. The portion of coefficients necessary out of all coefficients (i.e. (N-1)*N/2) is
dependent on the sample number N and on the average it makes

2 4 NoiN-i<2

~ + —,
N N*(N-1) ’=1N—!—1
For N=5 this is approximately 78 %, for N=10 47 %, and for N=30 just 11 %,
respectively.

Choice of the associated similarity coefficients

The fundamental condition for applying any coefficient of associated similarity
(homotoneity) is as follows (under presumption i <j):

Sij= min (Sw) (1)
i<k<lisj
It must be valid also:
Sii = 1, (2)
Sij € <0;1>. (3)

The coefficients for application are the following:
1. Average constancy of all participating species in the given subset of records, which

may be written as
> =‘ﬁ Qu | i (1-Qu),



where Qg is the information on presence or absence of k-th species in I-th record,
expressed by 1 or 0 respectively. If n is the number of records (n=|i-j| +1), the mi-
nimum theoretical value of this coefficient is given by
min (S;j) = 1/n.
The behaviour of the average constancy is explainable using the coefficient ex-

pressed by
e 1-1/8j
=

It is identical for n=2 with the S6rensen’s index of floristic similarity Cs (Sérensen,
1948). Because the Y coefficient does not however meet condition (1), the Y'is 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 Sgjj defined as the supplement of the sum (over all species) of
variances along the examined section of the transect containing samples i toj. We may

therefore write
1 — Sqij =kﬁvar,'j (k) -
=1

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 Zxx =1), the latter
relation may be re-written to

1-Sqij=C"-a",
where C” is the average value of the Simpson’s index of dominance (Simpson, 1949)
for relevés i toj and @ 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) = 1/Pjj

(Pjj is the total number of species in records i 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 S6rensen’s
index Cs had been already chosen. The respective coefficient is given by

dCij = min (Csu) .
klE<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 v2 by standardization as for
the coefficient Sq, we may use the supplement 1-ED/V2 as the similarity index and treat
it analogously to the previous case:
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dEjj= min (1-EDu/VZ .
klE<ij>
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 homotoneity
bH and cH (Moravec, 1971) do not satisfy the condition (1) and cannot therefore be
used in the HSCA procedure.

3. Study area

The littoral and meadow vegetation of the Kratochvfle pond (432 1o 435 m a.s.l.) in the vicinity of Netolice
in South Bohemia has been studied (latitude 49°13'40”N, longitude 14°10'05"E). The main part of the area
is covered by a holoceneous floating loam, in contact with loess clays of Wiirme. Marginally, the neogeneous
sediments of Mydlovary strata series are also encountered. The porphyric melanocratic granite is the primary
mineral, uncovered only outside the study area. The area is counted among middle warm, humid to
moderately humid, hilly climatic region (Vesecky et al.,1958), having a mean yearly temperature about 7°C
and annual precipitation of 600 to 650 mm.

Littoral vegetation of the pond is formed by the stands of association of Caricenun elatae K o c h 19206,
Cariceturn gracilis Al m qu ist 1929, Phragmitetum communis (Gams 1927)Schma | e 1939 and Glyc-
erierurn maxmae H u e c k 1931 on the place with more intensive sedimentations and accumulation of
organic matter. The meadow vegetation is formed by an untypically developed associationAngelico-Cirsienm
oleracei T ixen 1937 in several variants containing different transition types. Further there exist com-
munities with Geranium pratense and other stands belonging to the alliance Alopecurion and Arrhenatherion
Riverine forest occurring in the region of acidophilous oak forests represents the natural vegetation in this
area (Miky3ka et al., 1968).

4, Data collection

Four transects orientated from the littoral zone towards the higher situated drier
parts (consisting of altogether 53 quadrats of 1 m?size; 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 plant species was estimated (Table 1 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, 1 to 12. In brackets, original values of the
Braun-Blanquet scale are given: 1 (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 T1 (Table 1; total length 55 m) intersects the strongly limited littoral
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 formerly
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Table 1. Composition of vegetation along transects T1 and T2. Estimated covers of species in values of
12-degree scale in sample plots 1 m’ are given

T1 2

Transect 12345678910111213141516171819 1234567

No. of quadrat

Filipendula ulmania 2
Glyceria maxima 7
Phalans arundinacea 7
Carex gracilis R T R R R « 7
Equiserum palustre 2
Spirodella polyrhiza 2
Taraxacum officinale agg.
population 1 N - - T i i I o A S5
population 2 P A% A S B mEW D E &Y GEE WS
Carex vesicaria 2R v R ERER TR E S B E A i B s
Galeopsis tetrahit ¢ 1
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4333 . . 6 4

Poa pratensis 4
4
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« a
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Ranunculus auricomus
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W W W W & W L

Ranunculus acris
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Cardarnine pratensis
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W= W e e W

(¥, )
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Lth =~ La
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Festuca rubra

W = W o

Deschampsia cespitosa

w
L

Sanguisorba officinalis

(=

Myosotis nemorosa

Trifolium repens

L = LA

Lychnis flos-cuculi

Ranunculus repens

W o W B e e

Carex panicea

Caltha palustris ssp. laeta
Juncus articularus

- e LA W LD D L e e L LA LA LI e L = W ON L
5 w

Veronica serpyllifolia
Trifolium pratense v owa BB B w e owowowowos o ow o B .. 55435
Cerastium holosteoides . . . 111311 .1. . .3 .3 .. .. 1131
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Table 1. (Continue.)

Transect
No. of quadrat

10111213141516171819

1234567

Holcus lanatus
Anthaxanthum odoramn
Eleocharis palustris
Plantago lanceolata
Juncus filiformis
Angelica sylvestris
Thalictrum lucidum
Achillea millefolium
Luzula campestris
Ajuga reptans
Alchemilla subcrenata
Cynosurus cristatus
Cirsium palustre
Lotus comiculatus
Cirsium oleraceum
Avenula pubescens
Succisa pratensis
Geraniumn pratense
Dacrylis glomerata
Equiserumn arvense
Trisetum flavescens
Leucanthenuam rauanian
Saxifraga granulata
Veronica chamaedrys
Stellaria graminea
Pimpinella major
Knautia arvensis
Betonica officinalis

Urtica dioica
Aegopodium podagraria
Agropyron repens

Heracleum sphondylium .

e NN

W L e

6 6 655
535 .1

- W W = W W
W W W %

w
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—
th = A I

3

&
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LIS |
58777

w
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w

1

33 .

544
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[ T
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Table 1. (Continue.)

Tl v

Teneort 123456789 10111213141516171819 12345617

No. of quadrat

Stellaria graminea
Trplerospenruen inodonan. .
Capsella bursa-pastoris
Hordeumn vulgare

Myosotis arvensis

Lol 72

w

Brassica napus

Veronica agrestis

L 2 e R S T 5 §
e . B
[ %]

Carex hirta
Galium aparine wom o @ owT mow o owow o omow w ol § u o
Anthriscus sylvestris e . T R R T TR e @ owow o BB
Rumex obrusifolius L A oo owmom oo e e s omoam o ow A o A R S B
. 5855

-~

Poa palustris sl s wavs e imea v q®
Plantago major R LR R R EE R R
Myosoton aquaticum
Ranunculus sceleratus
Symphytum officinale
Alopecurus aequalis

e L I ¥

Stellaria uliginosa
Scirpus sylvaticus R SR PSSR RS AR .45 4
Galium palustre oW W B W W W W & BT R @ @ i AT W + 11

abandoned field. Soil is strongly compacted in these parts 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 T2 (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 T3 (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

138



Tab le 2. Composition of vegetation along transects T3 and T4. Estimated covers of species in values o
12-degree scale in sample plots 1 m” are given

Transect
No. of quadrat

T3
123456789101112131415161718

T4

1

2

34567829

Phragmites australis
Glyceria maxdma
Equisetum palustre
Phalaris arundinacea
Carex gracilis

Caltha palustris ssp. laeta
Ranunculus auricormus
Carex brizoides
Cirsiumn palustre
Filipendula ulmaria
Ranunculus repens
Carex vesicaria
Lathyrus pratensis
Myosoris nemorosa
Galium palustre

Poa palustris

Juncus effusus
Festuca rubra
Cardamine pratensis
Holcus lanatus
Sanguisorba officinalis
Poa pratensis

Carex nigra
Anthoxanthum odoratum
Lychnis flos-cuculi
Carex panicea

Geumn rivale

Juncus filiformis
Valeriana dioica
Carex canescens
Festuca pratensis
Rumex acetosa

665233435
¢ A (.
-

4 24 .

.6 9999 D06 .
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2
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W
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w
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—
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w
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Table 2. (Continue.)

Transect
No. of quadrat

T3

12345678 9101112131415161718

T4

1234

6789

Geranium pratense
Ranunculus acris
Deschampsia cespitosa
Agrostis stolonifera
Cerastium holosteoides
Alchemilla subcrenata
Angelica sylvestris
Luzula campestris
Carex hirta

Selinum carvifolia
Avenula pubescens
Alopecurus pratensis
Ajuga reptans
Saxifraga granulata
Trifolium hybridum
Ranunculus flammula
Trifolium repens
Epilobium sp. div.
Lysirnachia rasnrudaria

Carex leporina
Galium uliginosum
Potentilla erecta
Phyteurna nigrum
Galium boreale
Betonica officinalis
Briza media

Carex pallescens

Campanula patula

Phleumn pratense

Taraxacum officinale agg. i

. 2

. 4

224

.4

. 4

+: 333

~

55

.

1134
.

41

14

41

3
43 .

. .
b e s fa
.

- W W L b

1

141
1114

“This taxon is identical with population 2 in Table 1.
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Table 2. (Continue.)

T3 T4

Trapsect 123456789101112131415161718 123 456 7 8 9

No. of quadrat

Veronica arvensis W AR R TG R EEERE RS smawas Le @ s
Triserum flavescens R R L R LR TRl EEL
Pimpinella major 5 2 b s e i te W _gm o os @ se g ;o TE T ALY

diversity and equitability is increased here immediately. The respective stands may be
classified within the suballiance Calthenion. Next follows the stepwise transition to
dryish growths (Alopecurion 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 of the meadow near
the coastal willow woods and represents further an analogous sequence of phytocoe-
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.
Orldci, 1978; Legendre et Legendre, 1983) using Euclidean distance (ED) has been
used for comparison.

5. Results of an application

Cluster analysis of all the relevés 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 quadrats: 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 (HSCA/S procedure, Figs 5, 7, 9a,
and 9b), and the quantitative one (HSCA/Sq 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 T1 to T4 in meadows on shore of Kratochvilsky pond, South Bohemia) using the SSC/ED (sum of

square clustering with Euclidean distance metric) method and presence/absence data. Aj, Ay, ..
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T1: Ar - B1 - B2 - A3 - A1
T2: A1 - B1 - B2
A
T3: A1 - A2 - A1 - C1 - Cz
T4: Ci - C2
2 i Al ——==-== D¥ - B1 - C1 - Ba - A2z - A
T2: AL, SRS SRS S T R B3
B
T3 A1 - D -D* - B2 - C3 - (C3,C1)
T4: Bz - C3 - (Cz2,C1)

Fig. 3. The sequence of vegetation 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,

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

s.c. data D
+/- data:
A2 4
Ay 2
A3
B2
Bi
C1
C2

D Ay Az B3 B1 B2 Cs Cz Ci
2 6
4
1 3 1 1
3 8
3 4
2 ] 4
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Fig. 4. Sequential classification of the quadrats of the transect T1 using the method HSCA/S (with average
constancy of all participating species).
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Fig. 5. Sequential classification of the quadrats of the transect T1 using the method HSCA/Sq (with
supplement of sum of species variances).
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Fig. 6. Sequential classification of the quadrats of the transect T3 using the method HSCA/S.
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Fig. 7. Sequential classification of the quadrats of the transect T3 using the method HSCA/Sq.
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Fig. 8. Sequential classifications of the quadrats of the transects T2 (A) and T4 (B) using the method HSCA/S.

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 transects may be valued as follows:

1 Transecl TI 19
4 P A B By Ay l MK
HSCA /S a b ¢ d 4
8 Q | M| P B l G ':lr Ay |2
HSCA |/ 5q . b c d ] | 1 9|5
1 Transecl T3 18
55C P 4, A, Ay I G | (G 1
HSCA/S a b € I d 6
ssC Q & D ' By l G (& 2
HSCA /Sq a b c d 7

Fig. 9. The comparison of four classification methods of two transects (T1 and T3). Denotation of classifi-
cation groups after respective figures (SSC P - Fig. 1, SSC Q - Fig. 2, HSCA/S - Figs 4 [transect T1] and
6 [T3], HSCA/Sq - Figs 5 [T1] and 7 [T3].
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Transect T1:

1. Quadrats (further only q.) 1 and 2 are moderately mowed littoral stands, strongly
limited, containing Glyceria maxima and Phalaris arundinacea.

2.Q.310q.10 in the mowed meadow Calthenion grassland stand can be identified as
an association Angelico-Cirsietum oleracei T i x e n 1937 (containing species as San-
guisorba officinalis, Myosotis nemorosa, Caltha palustris, Cirsium oleraceum, C. palustre,
Lychnis flos-cuculi, etc.).

3.Q.11to q.14 represent a transition zone to drier, higher situated stands (here with
Achillea millefolium, Alchemilla subcrenata, Dactylis glomerata, Trisetum flavescens,

. L] mrﬁﬂﬁﬁ Is

- N m=w N O~ o 8

L] Fﬁ%?l NE

n © ~ ®
- e e

-

18
17
18

- 0N M w N © ~ © @ NG

u---

14

biotic gradient

environmenlal gradient

Fig. 10. Two theoretically possible results of classification of samples along some environmental gradient.
A - The transition zone is classified as an independent unit having more increased heterogeneity. B - Both
halves of the transition zone are ascribed to the neighbouring types. C - Relation between environmental and
biotic gradient.
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Pimpinella major and other species whose ecological coenological optima are known
from the alliance Alopecurion).

4. Q.15 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, Tripleurospermum 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 T2 is as follows:

1. Q.1 and 2 - littoral from time to time mowed swamp,

2.q.3 10 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
13

1. Q.1 10 q.9 - reed swamp, which may be sub-classified on a deeper investigation,
the q.9 is mowed occasionally,

2. .10 1o q.13 contain growth of the suballiance Calthenion,

3.q.14 to q.18 are distinguished by transition zone vegetation at a gradually decrea-
sing soil moisture.

The transect T4 may be divided into two parts:

1. Q.1 10 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. Kovif et Leps, 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 T1 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 on
gradients. It ensues from the agglomerative 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 al., 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. Cattell (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, O - 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 palyno-
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-called barrier analysis was described in the past (Gordon, 1973) based on the
principle of division and it is being used for automatic evaluation of pollen stratigraphy.

Legendre (Legendre et al., 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 - hierarchical
semi-cluster analysis (HSCA) involving new similarity indices was developed and
applied. As proved, this method meets the demand on 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 m?have been
classified, situated along four transects on the shore of the Kratochvile pond near
Netolice (South Bohemia, Czechoslovakia). The formation of vegetation zones 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), Arrhenatherion.

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. Stérbaéek and the author
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Recerved 15. 4. 1991

Matéjka K.: Hierarchicka semishlukové analyza - nova metoda gradientni analyzy.

Nova metoda klasifikace pfedem sekven&né usporddanych vzorki byla vyvinuta a aplikovédna pfi hodno-
cenf vegeta¢nich transektd. Souéasné byly navrZeny nékteré koeficienty vnitfni podobnosti (homotoneity)
skupin vzorki a tyto byly zafazeny do a analyzovany v systému jiZ existujicich koeficientd. Novd metoda
HSCA pracuje na aglomerativnim principu. MiiZe byt pouZita k identifikovéni typickych skupin vzorki na
gradientech. Metoda byla aplikovdna pii hodnoceni &yt krdtkych kvadratovgch transektd na pobfeZi Kra-
tochvilského rybnika u Netolic v jiZnich Cech4ch. Byla studovédna vegeladni zonace na pobfeZi v souvislosli
s komplexnim vihkostnim gradientem. Vysledky metody HSCA byly srovnédny s vysledky klasickych metod
shlukové analyzy a s hodnocenfm provedenym na z4kladé postupii Curyisko-Montpellierské fytocenologické
Skoly.
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