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ABSTRACT 

Hommel, Patrick W.F.M. , 1987. Landscape-ecology of Ujung Kulon (West Java, 
Indonesia); 206 pages, 29 tables, 11 f igures, 155 references, 6 appendices; 
English and Indonesian summaries; privately published doctoral thesis, 
Wageningen. 

This study deals wi th the Ujung Kulon peninsula, situated on the western­
most t ip of the island of Java (Indonesia). Descriptions are given of the 
area's h is tory, climate, geology, gemorphology, soils, f lora, vegetation and 
fauna. For three of these land-attr ibutes, v iz . geomorphology ( landform), 
soils and vegetation, classification systems are presented. The classification 
of vegetation types is based on their complete f loristic composition and 
carried out by tabular comparison of plot-data. Relations between all land-
attr ibutes are studied, resulting in the description of landscape units that 
are shown on a landscape-ecology map (scale 1 : 75 000). Special attention is 
paid to the impact of the 1883 Krakatau eruption on soils and vegetation, the 
orographic vegetation zones as determined by the so-called 'telescope-effect' 
and the availability of foodplants for the Javan rhinoceros. 

Privately published by : 
Patrick W.F.M. Hommel, Soil Survey Inst i tute, 
P.O. Box 98,"6700 AB Wageningen, The Netherlands. 
1987. 
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CHAPTER 1: INTRODUCTION 

1.1 Ujung Kulon 

This study deals with the Ujung Kulon peninsula and adjacent areas, situated 
on the utmost western t ip of the island of Java (Indonesia). The area has 
been a Nature Reserve since 1921 and has been included in the National Park 
of the same name since 1980. 

Fame and importance of Ujung Kulon as a conservation area are in the f i rs t 
place due to its population of Javan rhinoceros, which is probably the last 
remaining one in the wor ld. The area is , however, also known for the oc­
currence of other valuable, rare species such as banteng, Javan deer, leo­
pard , wild dog, Javan gibbon and unt i l recently Javan t iger , as well as for 
its scenic beauty. 

As early as 185t, the famous naturalist Junghuhn drew attention to the 
superb nature of this out-of-the-way corner of Java. In the thir t ies of this 
century Ujung Kulon became the favourite reserve of A. Hoogerwerf, the 
godfather of conservation in the Indonesian archipelago, who was later to 
write a fascinating monograph on the area (1970). 

During the past two decades, the World Wildlife Fund has been involved in 
both management and research in Ujung Kulon. The f i rs t grant was made in 
1965 for the purchase of equipment, and in 1967 Prof.Dr. R.Schenkel started 
his research on the ecology and behaviour of the Javan rhino. An almost con­
tinuous series of WWF sponsored researchers have worked in Ujung Kulon 
ever since, mainly focussing on the most important animal species of the area. 

In 1977, Blower and van der Zon considered Ujung Kulon to be 'the most 
widely known conservation area in South East Asia'. In the past few years, 
especially since the area changed status from Nature Reserve to National 
Park, the number of v is i tors, scientists as well as tour is ts , has increased 
again. 

1.2 Research objectives 

Considering all interest in the area, one might assume that Ujung Kulon is a 
scientifically very well known area. The t r u th is , however, quite d i f ferent. 
As Schenkel and Schenkel-Hulliger (1969) point out , a systematic study of the 
area's vegetation cover was never made. Other ecologically important aspects 
of the landscape ( e .g . soils) were also sti l l very poorly understood. This 
holds even for something as basic as topography. 

These lacunae in knowledge can be explained by the fact that Ujung Kulon 
with its superb wi ldl i fe, but predominantly secondary vegetation was l ikely to 
attract zoologists rather than botanists. Moreover, the very inaccessible and 
unsurveyable character of some of the area's vast thorny shrub-vegetations, 
combined with the fact that aerial photographs of a reasonable quality were 
lacking unti l very recently, made i t extremely d i f f icul t to get an overall 
p icture. Of course, these phenomena implied a most serious handicap to all 
management and conservation orientated research (Hommel, 1982). 

The f i rs t and major objective of our study was therefore to f i l l in some of 
these gaps in knowledge, especially concerning the area's major vegetation 
types and their d is t r ibut ion. 



A second objective was to give a broad estimate of the suitabil i ty as a 
rhino-habitat for the various sub-regions within the area. Moreover, informa­
tion was to be gathered on possible vegetation changes, which might affect 
the availability of rhino food negatively and on that account require active 
vegetation management on behalf of the growing rhino population. 

The possibility of such vegetation changes was put forward by Schenkel 
(1982). The results of a pi lot-study on active vegetation management were 
published by the same author (et a l . ) in 1978. 

1.3 Methods 

As for methods, we have opted for a broad landscape-ecological approach, as 
described by Zonneveld ( e .g . 1979). Thus, our study was aimed primarily at 
the landscape as a fu l ly integrated ent i ty , in which vegetation is but one of 
the ingredients, though (within the scope of this study) the most important 
one. In this case, a landscape-orientated approach will be seen to have 
several advantages: 
- It results in the description of so-called landscape-units, which can be 

interpreted in terms of suitabil i ty as rhino-habitat (based on the qualities 
of the total ecosystem) and for which broad vegetation changes can be 
described or predicted. 

- I t will provide a framework for more thorough studies on aspects of the 
landscape, other than vegetation, such as geology, geomorphology and 
soils. 

- Moreover, i t is a very practical approach (in comparison to a pure vege­
tation survey) for the compilation of a map in an area of which no reliable 
topographical map is available and where orientation is extremely d i f f icul t . 

For a more detailed discussion of the methods used we can refer to Chapter 
2. 

1.4 Course of the study 

The fieldwork for this study was done in the period from May 1981 to 
February 1983, with only some minor interrupt ions. 

Fieldwork was executed by one expatriate researcher ( i .e . the present 
author) and a student-assistant from Universitas Nasional in Jakarta, both 
biologists. We were happy to work in close cooperation with both the staff of 
the Indonesian Directorate for Nature Conservation (PPA) and the WWF 
sponsored rhino-research team under the leadership of Haerudin Sajudin. 

The preliminary results of the survey, including a landscape-ecological 
map, were published as a WWF report (Hommel, 1983). In fact, the present 
study is mainly an elaboration of that report. 

The fieldwork was ful ly sponsored by the World Wildlife Fund, an orga­
nization w i th , as stated above, a longstanding tradit ion of sponsoring 
conservation-orientated research in Ujung Kulon. The elaboration of the 
preliminary results which lead to the present publication was made possible by 
a grant from the Agricultural University in Wageningen. 



CHAPTER 2: METHODS 

2.1 Introduction 

The methods used for our survey are derived from Zonneveld (1979). As for 
the vegetation part of the survey, a more detailed description of methods can 
be found in van Gils and Zonneveld (1982). See also Zonneveld (in p rep . ) . 

Main characteristics of the approach are: 
- the emphasis on the use of aerial photographs; 
- using aerial photographs before the actual f ieldwork, thus providing a base 

for the sample strategy; 
- its 'holistic' nature, i .e. the environment is considered to be a ful ly inte­

grated (holistic) ent i ty , that can and should be studied as a whole. 
The use of aerial photographs is , in fact, the core of most landscape-eco­

logical research. Ordinary black-and-white imagery is to be preferred. The 
scale should be at least as large as the eventual map, i f possible larger. The 
photographs should be overlapping at least 50 per cent (preferably more) 
within each f l ightl ine to allow three-dimensional viewing (stereoscopy). For 
more details on the handling of aerial photographs, see also Avery (1978). 

Not all l i terature cited may be generally available in Indonesia. Even so, 
other researchers there, dealing with similar projects may be interested in the 
methods used in our survey. The next section (2.2) gives therefore a rather 
detailed outline of the procedure followed. 

Since our study focusses strongly on the vegetation aspect, it seems 
justif ied to pay special attention to some methodological facets of the vegeta­
tion survey. We shall do so in section 2.3. 

Some more practical aspects of the fieldwork will be discussed brief ly in 
the next chapter in relation to the specific terrain characters of the study 
area. 

2.2 Description of the survey procedure in steps 

The following description is (only sl ightly modified) derived from Zonneveld 
(1979). To the general paraphrase of each step a few annotations are added, 
dealing more specifically with the present s tudy. 

a. Study of reference material such as l i terature, topographical maps, her­
barium collections, existing vegetation and soil maps, etc. This study is 
continued throughout the survey. 

References to the most important l i terature on the area and the existing 
maps are given in the other chapters, dealing with specific aspects of the 
area's landscape. Three bibliographies which are a most useful expedient for 
any student of the area are Anonymous (1969 and 1974) and a very elaborate 
list of references by Hoogerwerf (1970). 

As for the preparatory study of the area's f lora, the author was i n ­
troduced to the flora of West Java by the late Dr. M. Jacobs in the Rijks-
herbarium in Leiden and by Prof. D r .A . Kostermans on Peucang Island. 
There a transect of already identified and labelled trees and an herbarium 
collection of Peucang plants (generously placed at our disposal by 
Dr. K. Kartawinata) also proved to be a very useful expedient for our 
studies. 



b. A f i rs t glance at the aerial photographs in order to establish a rough 
subdivision of the area into major un i ts , to become familiar with the photo-
features and to compile a preliminary photo-interpretation legend. 

For our survey we had two sets of aerial photographs at our disposal: one 
set of poor qual i ty , dating from 1946 on a scale 1 : 50 000 and one set of 
reasonable to good qual i ty , dating from 1981/1982 on a scale 1 : 75 000 
(enlargements: 1 : 37 500). 

Since no aerial photographs were available in t ime, this step had to be 
postponed unti l after the preliminary field inspection (c; see also step i ) . 

As for the f i rs t subdivision of the area into major un i ts , the study by 
Verstappen (1956) proved to be a very useful expedient (see also chapter 6 ) . 
c. Preliminary f ield inspection in order to become acquainted with the main 
landscape features. Some samples may be taken of the most characteristic 
plant species, soil types, rock outcrops e tc . , but no detailed site descriptions 
(such as plots for vegetation analysis) or long excursions should be made. 

This stage of our study was greatly facilitated by the valuable aid 
received from the WWF rhino-research team (Sajudin et a l . ) which, at that 
time was active in Ujung Kulon. 
d . Preliminary photo-interpretation. This implies the study of photo-features, 
l inking them to land-features and delineating areas with relevant similarities 
in photo/land-features. This step results in a preliminary 'photo-interpre­
tation map', with a legend, which is defined in terms of photo-features with a 
more or less hypothetical relation to land-features. 

Photo-features include tone, tex ture, shape, spatial pat tern, location and, 
i f more than one set of photographs is available, temporal changes (van 
Gils 6 Zonneveld, 1982). Selection of relevant photo-features and l inking them 
to land-features is facilitated by the field-experience gathered dur ing step c. 
Drawing of the photo-interpretation map starts with the delineation of the 
main landforms, subsequently adding the major vegetation and (former) land-
use boundaries. 
e. Tracing and colouring of the preliminary map 
f. Fieldwork 
Fieldwork implies 'sampling1, i .e. the description of the various aspects of the 
landscape, such as soil and vegetation (synonymous with ' land-attr ibutes' ; 
Zonneveld, 1979)* from a number of carefully chosen spots (see below). On 
these sample points, the landscape-aspects should be described simultaneously 
in order to facilitate later correlations. 

The number of sample points depends on several factors such as internal 
variation of the area, time and funds and (most of all) the quality ( i . e . the 
definit ive character) of the preliminary photo-interpretation. 

In our case, where relatively good quality imagery became available only at 
a late stage, and where the relevant differences in photo-features in many 
cases proved to be very subtle, we decided to describe a rather large number 
of sample points (more than 300). All these points are listed in Appendix A. 

* The vertical components of the land(scape) e .g . rock, atmosphere, land-
form, soi l , vegetation etc. are called: a t t r ibutes, the horizontal components: 
land-elements (Zonneveld, in p rep . ) . 



Their exact location, some important site characteristics and the classification 
of both soil and vegetation are added. 

As for the distr ibut ion of sample points there are various possibil it ies, 
such as random, systematical, strat i f ied and preferential sampling strategies. 
Purely random and systematical strategies have a clear disadvantage in g iving 
too much prominence to relatively large map uni ts. Moreover, a large pro­
portion of transitional situations may be sampled which, later on , will thwart 
the classification of data and consume large amounts of time and ef for t . 

For our survey, we used generally a strati f ied sampling strategy, i .e. in 
every photo-interpretation legend unit a more or less equal number of sample 
points was planned. Units of high internal complexity d i d , however, require a 
higher density of sample points ( 'preferential sampling1). Moreover, the 
sample points were theoretically random within the un i ts , but clustered along 
expected gradients in order to save time. 

The attr ibutes of the landscape described in the f ield were vegetation, 
soi l , geomorphology (landform) and geology (l ithology on ly ) , each requir ing 
its own approach. As for vegetation, a small patch of overgrowth (a 'plot') 
was described at each sample point. In contrast to more quantitative methods 
of vegetation analysis (see: Mueller-Dombois 6 Ellenberg, 1974), both size and 
shape of the plot are considered to be of minor importance. It is , however, 
essential to select a plot that is a s t r ict ly homogeneous example of the 
vegetation type studied (as far as physiognomy is concerned) and is large 
enough to contain a reasonable reflection of its f lorist ic composition. 
Guidelines for plot sizes are given in table 2a. 

Table 2a. Guidelines for sizes of plots for vegetation analysis (modified after: van Gils and 
Zonneveld, 1982). 

Short to medium-tall grass and forb* land: 't m2 

Tall grass and forb land: 25 m2 

Shrubland: 25-50 m2 

Woodland and forest: 250-1000 m2 

* forbs are herbs other than grasses and pseudo-grasses. 

Within each plot f loristic compostion and structure were described systema­
tical ly. Height and cover of the various strata were estimated to describe 
s t ructure. As for the f lor ist ics, density or cover of the species were 
estimated on a 14 point scale (table 2b) . Unknown species were collected. 
Non-systematic data were collected on density of seedlings and saplings and 
on tree t runk diameters. 

Table 2b. Cover/density classes for vegetation analysis (after van Gils and Zonneveld, 1982) 
r = rare, cover less than 5% 
p = few, cover less than 5% 
a = abundant, cover less than 5% 
m = many, cover less than 5% 
01 = cover about 10%, density irrelevant 
02 = cover about 20%, density irrelevant 
03 = cover about 30%, density irrelevant 
04 = cover about W ) % , density irrelevant 
etcetera 



For practical reasons (e .g . to allow future computer processing), the 1t 
point field-scale was later reduced to a 9 point scale (see Appendix E) . 

For a more detailed discussion of some theoretical aspects of the study of 
the vegetation we can refer to section 2 . 3 . 1 . 

As for the study of soi l , texture and colour of the various horizons, as 
well as soil depth ( i f perceptible) were described systematically. Non-
systematic data were recorded on pH, structure and erosional features. All 
these data were collected by augering; from each horizon a small sample was 
taken. Only in the final stage of the survey were a number of pits on 
carefully selected sites described in order to study the various types of soil 
in more detai l . The preliminary classification of the soil (based on these 
collected samples and augerhole descript ions), leading to the selection of 
these sites and the actual description of the p i ts , were performed by H. van 
Reuler, at that time soil-scientist of the UNESCO Man-And-Biosphere project 
in Bogor (Indonesia). 

As for geomorphology ( s . l . ) , a f ield indication of the landform was g iven, 
together with some general site-characteristics, such as a l t i tude, slope (type) 
and relief type of the surrounding landscape. 

As for geology ( l i thology), rock samples were taken as much as possible 
on or near the observation points. 
g . A study of correlations between the various landscape aspects, 
h. Classification of the data. For each single a t t r ibute, a classification system 
was worked out. The classification of the vegetations of the area was done by 
means of ' tabular comparison' of the plot data (see section 2 .3.2) . The f inal 
classification of the soils of Ujung Kulon was also performed by H. van Reuler 
(see above). As Zonneveld (1979) points out , every classification implies a 
generalization by abstraction and results in a series of ' types' constructed on 
the basis of a set of equal properties. 

This also holds for the classification of landscapes. A map legend is also 
such a classification, but here the horizontal d istr ibut ion plays an important 
role as well. For landscape classification we make, for practical reasons, not a 
separate general classification but describe directly a map legend. 

This landscape-unit legend is based on: 
- the classification systems for the individual at t r ibutes; 
- the correlations between these attr ibutes (results of step g ) ; 
- the map picture of the preliminary map; 
- additional f ield data, including observations made during supplementary 

f ieldwork ( i f any ) . 
The study of correlations between the (classification systems for) various 

landscape-aspects is essential in compiling the landscape-unit-legend. In fact 
the search for 'convergence of evidence' in landfeatures (at landscape-
scale!) can be considered as one of the keystones of landscape-ecology. 

In addition to the theoretical demand to maximalize this 'convergence of 
evidence', there is also a practical side to the compilation of the landscape-
unit- legend: the units should be both suitable for evaluation and clearly 
recognizable in the f ie ld. This may imply that extra emphasis should be put 
on certain a t t r ibutes, in our case on vegetation and landform (geomorphology) 
respectively, 
i . Final photo-interpretation. In this step the process of photo-interpretation 



as described for step d is redone once, since the data collected dur ing the 
fieldwork are l ikely to indicate errors in the original photo-interpretation or 
at least demand adaptation or addit ion. 

The landscape-unit legend (result of step h) and the final photo- interpre­
tation should now f i t . In our case photo-interpretation needed more than the 
usual two rounds. The preliminary interpretation could be greatly improved 
when, in 1982, imagery of much better quality became available. S t i l l , some of 
the differences in photo-characteristics, correlated with important differences 
in vegetation and landform, proved to be very subtle. This led to a more or 
less continuous process of adaptations of our photo- interpretation dur ing and 
after the period of f ieldwork. 
j . Drawing of the final landscape ecological map. Sometimes separate maps for 
some of the individual landscape attr ibutes are made. In this study this was 
not considered necessary. The individual attr ibutes are in general only shown 
in the map legend. 
k. Evaluation, i .e. l inking the map and its legend to the purpose of the 
survey. The presentation of the results can be done in several ways: 
- by a mere description in words; 
- in table form, supplementary to a map legend; 
- in special maps with their own legenda in terms of evaluation. 

In our case, a most important aspect of land-evaluation concerns the 
suitabil i ty as a habitat for rhino. The landscape units are evaluated in terms 
of such a suitabil i ty with special reference to the availability of food-plants. 
This evaluation is presented in chapter 11. A map showing varying degrees of 
suitabil i ty is included there. Moreover, in chapter 12 some major conclusions 
with regard to the management of the area will be forwarded. 
I. Reporting and reproduction. The results of this step are being read by the 
reader. As mentioned before, some preliminary results have already been 
published as a WWF report (Hommel, 1983). 

2.3 Some methodological aspects of the vegetation survey 

2.3.1 The f loristical approach 

In this study vegetation types are described as plant-communities. This im­
plies that f loristic composition is considered as a basic feature of the vege­
tat ion. This is not a point of general agreement among vegetation ecologists. 
Some of them, especially those from the 'Anglo-American tradit ion1 consider a 
plant-community ( i .e . a vegetation type also defined by its species compo­
sition) to be less practical or even un-scientif ic (see: Mueller-Dombois and 
Ellenberg, 1974), while others doubt the suitabil i ty of the concept in the 
(humid) tropics ( e .g . van Steenis, 1958, Jacobs, 1981 and to a certain extent 
Ewusie, 1980). 

Instead of t ry ing to solve the general controversy between advocates and 
adversaries of the f loristical approach beforehand, we just t r ied to see 
whether i t worked or not. We simply started from the principle that Kuchler's 
(1967) definition of a vegetation type, 'a part of the vegetation that is 
relatively uniform in structure and f lorist ic composition ( . . . . ) ' , can be 
applied to any vegetation on earth (see also: van Gils and Zonneveld, 1982). 

St i l l , one may question why well-known scientists deny that the concept is 



applicable in the specific case of the humid t ropics. The arguments against 
such an approach in the (primary) tropical rain-forest are listed by van 
Steenis (1958). His arguments can easily be extrapolated to many types of 
older secondary forest as well. In short his arguments are: 
a. We are dealing with very large numbers of species (in general none of 

them being dominant). This implies that the minimal area of a sample plot 
must be exceedingly large. Which also implies that not only is the method 
highly impractical, but also that there is a general conflict between the 
need for very large plot sizes and of homogeneity of abiotic factors within 
the plot. 

b. Within the forest one f inds very complex mosaics, caused by local regene­
ration processes and resulting in capricious patterns in the f loristic 
composition. 

c. In many cases we are dealing with very gradual t ransit ions, as far as the 
abiotic factors are concerned, resulting likewise in gradual transitions in 
the species composition. 
Although these arguments obviously do not all ful ly apply to many vege­

tation-types in Ujung Kulon (where dominance of one species is far from 
uncommon and many s t r ik ingly abrupt changes in abiotic factors occur) , i t 
seems worthwile to give some more general comments on these arguments. Our 
comments thus concern not only the species-rich primary vegetations in Ujung 
Kulong, but also the application of plant-sociology in rain-forest areas in 
general. 

ad a: F i rs t , we should stress that the phenomenon of dominance of a given 
species is rather i rrelevant within views of the so-called French-Swiss school 
of the plant-sociology (see e .g . Mueller-Dombois & Ellenberg, 1974). Only 
within the more or less out-dated views of the so-called 'Scandinavian school1 

is dominance of great importance. Unfortunately, i t was an advocate of this 
latter d i rect ion, Booberg (1929, 1931), who t r ied to stimulate plant-socio­
logical studies on Java; he did so without much success. 

Second, unlike most herbarium botanists, a vegetation-scientist is not very 
interested to know all the rare and dispersely occurring species of a given 
stand or region. He is primarily interested in knowing the characteristic com­
bination of the more frequently occurring species. This concerns the ones 
which usually make up the bulk of the vegetation, as well as the ones that 
statistically show sufficient af f in i ty with specific species-combinations and 
thus become good diagnostic characteristics for vegetation types. This implies 
that the theoretical minimum-area even in tropical rain-forests is not 
excessively large. Moreover, the minimum-area concept has fallen largely into 
disuse nowadays (van Gils S Zonneveld, 1982). 

In fact, i t is obvious that a plot may contain more species (and its size 
can thus be kept within reasonable limits) i f there is no dominance of one 
species, occupying the room within the plot which could be occupied by many 
other species growing in low densities. One might even state that the lack of 
dominance in rain-forests may facilitate plant-sociological studies! 
Moreover, i t is obvious that a plot includes more species i f all growth-forms 
and age classes are taken into account. Theories on the minimal area should 
not be based on inventories of fu l ly grown trees only, as van Steenis does. 
This does not only give a highly exaggerated picture of the minimal size of 



the sample plot, i t also completely ignores the importance of herbs and 
seedlings as indicators of environmental factors and thus as members of a 
plant-community. 

The importance of recording all growth-forms and age classes is clearly 
i l lustrated by the work of Meijer Drees (1954) who studied two stands of 
rain-forest (one of pr imary, one of old secondary nature) on the island of 
Bangka (Indonesia). In both stands a surface of 0.25 ha proved to include 
(v i r tual ly) all species, i f all growth-forms and age classes were taken into 
account. I f only fu l l -grown 'timber trees' were included, a plot size of even 1 
ha was not sufficient by far. These f igures correspond well with the results 
of a so-called nested plot study in the coastal plain of Peucang Island 
(Hommel, in p rep . ) . However, for the common practice of a vegetation survey 
much smaller surfaces proved to be sufficient in Ujung Kulon (see Appendix 
E). As for the dispersely occurring species that will be missed, the experience 
in non-tropical regions with a high species d iversi ty (mediterranean regions, 
dune areas in the Netherlands, etc.) shows that there also some about a th i rd 
to half the species are too dispersed to have statistical diagnostic value 
(Zonneveld, pers.comm.). 

ad b: As for the internal f lorist ic variation of the forest, caused by intricate 
regeneration patterns, van Steenis is partly r igh t . This may be a serious 
problem to the vegetation scientist. Because of the large number of species 
involved, this problem seems to be more complicated in tropical forests than 
in temperate ones. However, again this problem is exaggerated unnecessarily 
i f one ignores all plants, but the fu l ly-grown trees. Including all g rowth-
forms and ageclasses in the releve provides a most practical buffer on 
unwanted variation in the species composition of the plot. Differences in the 
regeneration stage will thus lead to dif ferent cover and density f igures of the 
species involved, rather than to completely dif ferent species l ists. S t i l l , 
obviously one should not create problems by including recent gaps or other 
distrubed sites in a forest-plot. Therefore stratif ication and homogenity are 
basic prerequisites. 

ad c: The problem of gradual changes in abiotic factors is , of course, not 
one restricted to the t ropics. In all natural regions, smooth boundaries 
provide serious problems for the vegetation-scientist, but also not rarely the 
most interesting situations. In fact, in tropical forests the problems may be 
assumed to be relatively small. As van Steenis himself points out , in the 
species-rich tropical forests one f inds many species with a more or less 
identical autecology. Even when abiotic factors change very gradual ly, this 
may result in clear demarcations in the f loristic composition. 

Concluding, one may state that the arguments against defining str ict 
plant-communities in a tropical forest area are not very f i rm. The lack of 
such studies in many tropical countries, Indonesia included, seems to o r i ­
ginate from scientific tradit ion rather than from scientific theory. 

2.3.2 Classification by tabular comparison 

Classification of vegetation types was performed by grouping the f loristic data 
of all plots by means of tabular comparison which is , in fact, a statistical 
matrix method, that can be manipulated by hand or by computer; see also 
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Zonneveld, in p rep . ) . This procedure is one of the keystones of the French-
Swiss approach of vegetation description and dealt with in extenso in many 
textbooks (e .g . Kuchler, 1967; Mueller-Dombois & Ellenberg, 1974; 
Whittacker, 1973). Therefore, we shall not discuss the basic procedure here. 

Tabular comparison is often practised using selected parts of the total 
amount of data, i .e. with f loristically related plots. Afterwards, one has the 
choice to publish the results in several partial vegetation tables or to combine 
them in one gross table. Following van Gils and Zonneveld (1982; see also 
Whittacker, 1973) we have chosen the second possibil i ty. We have tr ied to 
include all plots and all species in one and the same vegetation table. Only a 
few plots, the f lorist ic composition of which is known only very incompletely 
haven been omitted. These plots were sampled only as reference points for 
the map (so-called 'quick releves; 10 per cent of the total number of p lots). 
All species (as far as their identification admitted) were used, though for 
practical reasons not all were included in the published vegetation table 
(Appendix E). 

The compilation of one gross table has both advantages and disadvantages. 
The major disadvantage is the fact that well coherent (sociological) groups of 
species differentiating between f loristically related vegetation types must be 
split up again when other, f loristically more remote types are included in the 
table. Here, the author must seek a balance between accuracy and convenient 
arrangement. Important advantages are the objectiveness and great diagnostic 
value of such a table (any stand of vegetation can be classified in the f ield 
using one table) and the f rank and open way in which arb i t rary decisions of 
the investigator are presented. Moreover, by including many vegetation types 
(and thus many types of environment) in one table, the resulting sociological 
groups of species acquire more and more the character of species groups with 
a more or less identical ecology ( i . e . so-called ecological groups). Thus, the 
compilation of one gross table may also serve as an expedient of autecological 
studies. S t i l l , there is one more very important advantage: the compilation of 
one gross table allows a more detailed classification. For example, in Ujung 
Kulon many vegetations are dominated by one palm species (Arenga obtusi-
fol ia). Using tabular comparison, these can easily be subdivided into a 
number of plant communities. Most of these communities show a very good 
correlation with a specific set of abiotic factors. However, there is one large 
rest group of plots (classified as the community of Pterospermum diversifolium 
and Arenga obtusifolia) which may occur on very dif ferent soils and types of 
parent material. Attempts to subdivide this community fur ther by means of 
tabular comparison without taking the other communities into account failed. 
St i l l , by using sociological groups, which were defined for f loristically remote 
communities, as diagnostic characters in the same gross table, three subtypes 
originated within the Pterospermum Arenga community which proved to show a 
remarkably good correlation with the parent material. I rregularit ies (see plot 
88) as well as similarities (two types of t u f f in di f ferent geomorphological 
units) in the geological composition of the area which, unt i l were then not yet 
known, could be traced by means of these subtypes. 

In the gross table (Appendix E ) , we distinguished between species-groups 
with a obligatory and a facultative occurrence in the various plant-
communities. This distinction is , from sheer necessity, based on many 



arbi t rary decisions. The system was derived from van Gils and Zonneveld 
(1982). Indications of compulsary or facultative dominance of species(groups) 
are included only in the summarized version of the gross table (see table 9a). 
The diagnostic value of dominance is limited in our study area. In Ujung 
Kulon, species dominance is far from uncommon, but is never a constant 
character of a vegetation type. 

In general, we refrained from distinguishing plant-communities, based on 
only only one sample plot. However, in a number of cases this was inevitable. 
The sites at issue were already recognized in the f ield as being strongly 
aberrant. In general, they obviously differed in vegetation characteristics 
(flora and structure) as well as in abiotic aspects (soi l , e t c . ) . Eventually, 
these one plot communities proved to contain a relatively large number of 
very interesting ( i .e . extremely rare) species. 

All manipulations mentioned above were done 'by hand1 instead of by 
computer processing. This was done mainly for practical reasons (the 
available computer-facilities appeared to be too time-consuming). S t i l l , manual 
processing also has an important advantage. Our data are from sheer 
necessity not very homogeneous with regard to plot sizes, completeness of the 
releve and representativeness of the plot. Such imperfections are a necessary 
evil of a reconnaissance survey in a very remote and inhospitable ter ra in . For 
computer processing a not very homogeneous set of data provides serious 
problems. If one accepts that a subjective element will enter the procedure, 
most problems can easily be solved. This can be done in the most efficient 
and frank way by handwork. 

The plant communities which f inally resulted from the procedures sketched 
above should be considered as local types. According to Kuchler (1967) the 
success of the procedure followed ( i .e . Zonneveld's approach) is the fact that 
not an a pr ior i accepted classification system ( e .g . sensu Braun Blanquet) is 
embraced. For our area such a system is not available. Whether an eventual 
f i t t ing into such a system will once be possible is at present not a relevant 
question. 

2.3.3 Growth forms and life forms 

Plants are classified taxonomically into families, genera, species, etc. How­
ever, species can also be grouped into growth form or l ife form classes on 
the basis of similarities in s t ructure and function (Mueller-Dombois and 
Ellenberg, 1974). Unlike the taxonomical classification for which, since Linne, 
one system has been accepted throughout the wor ld, there is no generally 
accepted classification system available for the world's plant growth and life 
forms. The f i rs t system published, dates back to the so-called 'Hauptformen' 
described by von Humboldt (1806), but ever since many modified versions 
and new systems have been proposed and used. Life form systems are espe­
cially useful as a way of typ i fy ing the environment by means of vegetation 
characters. Therefore more than one system, each focussed on a special (set 
of) abiotic factor(s) would be preferable (see Iversen, 1936; Zonneveld e .g . 
1960 and 1982). 

Any classification based on gross similarities in growth-habit results in the 
description of 'growth forms'. 'Life forms', on the other hand are defined as 
those growth forms which display an obvious relationship to important en-
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vironmental factors (Mueller-Dombois and Ellenberg, 1974). This means that 
life form systems are classification systems for which the diagnostic morpholo­
gical characteristics are chosen on the basis of ecological guidelines. How­
ever, form and function are two sides of the same coin. So, systems without 
some ecological guiding principles hardly exist , while practical diagnostic 
characters are always morphological in character. The terms l ife-form and 
growth-form are often even used as synonyms. 

Of the existing systems, we shall discuss br ief ly the most widely-known 
one (v iz. the life form system of Raunkiaer, e .g . 1937) as a possible ecolo­
gical indicator. The purely morphological system devised by Eiten (1968) will 
be discussed in the next section. 

The Raunkiaer system uses as morphological diagnostic characters the posi­
tion of the buds or organs from which new shoots or foliage develop after an 
unfavourable season, i .e. in the temperate zone ( in general) the winter, and 
in the tropics and subtropics the dry season ( i f any) . Thus, the system may 
be of use in studying climatological zonation within our study area. 

The Raunkiaer system distinguishes between five main classes of life 
forms, which are shortly typi f ied by Kuchler (1967) as follows: 
1 . Phanerophyta Buds more than 25-30 cm above the ground. 
2. Chamaephyta Buds above the ground but less than 25-30 cm. 
3. Hemicryptophyta Buds at the surface of the ground. 
4. Ceophyta Buds below the surface of the ground. 
5. Therophyta 'Buds' in the seed: annuals. 

The original Raunkiaer system has been elaborated and modified several 
times, part ly by himself, part ly by others (see Kuchler, 1967). The latest 
revision was undertaken by Ellenberg S Mueller-Dombois (1967; see also 
Mueller-Dombois 6 Ellenberg, 1974). In their version, the boundary between 
phanerophyta and chamaephyta has been raised to 50 (-100) cm. Moreover, in 
subdividing the main classes, they put more emphasis on plant behaviour 
characteristics dur ing the growing season. The later changes of the 
Raunkiaer system are not generally accepted as improvements. According to 
Zonneveld (pers. comm.), the original clear principle was part ly d is tor ted. 

An important application of the Raunkiaer system in vegetation science is 
the l ist ing of l ife forms of all species of a plant-community. This results in a 
so-called ' l i fe-form-spectrum' which can be visualized in a bar-diagram of 
some sort . Comparing the l i fe-form-spectra of various communities gives 
insight into their ecological differences (Mueller-Dombois 6 Ellenberg, 1974; 
see also Zonneveld, 1960). 

To what extent is such a procedure feasible in the present study? Since 
plant behaviour dur ing the unfavourable season in warm climates is very 
similar to plant behaviour dur ing winter in the temperate climates, Mueller-
Dombois £ Ellenberg claim that ( their version of) the Raunkiaer system can 
also be applied to areas outside the temperate zone. 

In general, this is undoubtedly t rue. The Raunkiaer life form spectra of 
tropical vegetations show clear differences with those of other climatic areas. 
For example, one might characterize the vegetation of the humid tropics by 
the strong dominance of the phanerophyta. Moreover, van Steenis (1965) 
points to the relatively large number of geophyta in t rue monsoon forests 
compared to rain-forests. 
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However, the application of the Raunkiaer system in a tropical area (l ike 
Ujung Kulon) is thwarted by two serious complications. F i rs t , there is a p ro­
blem of practical nature: our knowledge on the behaviour dur ing the unfa­
vourable season of many of the species involved is just insufficient. Addi ­
tional study of this aspect would be very time-consuming and is beyond the 
scope of this s tudy. Moreover, some of the Raunkiaer life forms are of a po­
tential character and not always constant in time and space. We believe the 
latter problem to be much more serious in tropical areas than in temperate 
ones, though admittedly f luctuations in the severity of the unfavourable 
season may occur in any climate, allowing for instance annuals to behave as 
bi-annuals or even (semi) perennials in favourable years. 

Seasonal cold and seasonal drought as stress-factors for plant-l i fe act on 
dif ferent scales and with a di f ferent regular i ty. Obviously, seasonal stress 
caused by drought may vary largely from one year to another and even 
within a small area from place to place, e .g . according to differences in soil 
characteristics and vegetation s t ructure. 

For instance. Backer and Bakhuizen van den Brink (1968) state, d is­
cussing the Javan grass-f lora, that for many of the more tender species (e .g . 
Isachne miliacea) the difference between annuals and perennials is obscure. 
Undoubtedly, the same holds for many cyper grasses and dicotyledonous 
herbs. 

Examples, mentioned by Backer c .s . and occuring in Ujung Kulon are 
Cyperus polystachyos, Cyperus tenuispica, Fimbristylis dichotoma, Fim-
br isty l is miliacea and the dicotyledonous herb, Struchium sparganophorum. 
Thus, the therophyta as a group are rather poorly delimitated. 

Likewise, one may assume that for many perennials in Ujung Kulon the 
degree of shoot-reduction dur ing the dry season is not a constant character. 
Presumably perennial species like Axonopus compressus, Cyperus cf. kyll ingia 
and Sida javensis may serve as an example: evergreen when growing in 
forests on not excessively drained soils, with almost completely dying super-
terranean parts when growing in relatively open vegetations on sandy soils. 
Thus, the boundary between chamaephyta and hemicryptophyta is also 
obscure. 

Finally, the group of geophyta in Ujung Kulon provides similar problems. 
A substantial portion of the species which can survive the unfavourable 
season as tubers may also keep their superterraneous parts alive all year 
round i f the seasonal stress is not too dramatic. Moreover, they can choose 
the golden mean and become deciduous. It is an interesting phenomenon that 
all examples of this group of 'potential geophyta1 we came across in Ujung 
Kulon are climbers: Ampelocissus arachnoidea, Merremia peltata and several 
species of Discorea. 

Concluding, we may state that the application of the Raunkiaer system 
within this study is hampered by a number of practical problems. Classifying 
all species of the area within the Raunkiaer system is not feasible, since the 
l ife forms do not form a constant character in the (humid) tropics when an 
area as Ujung Kulon is studied as a whole. On the other hand it is well 
possible to use the Raunkiaer system for a broad characterization of the 
climatic zones within an area. We shall do so in chapter 5. Still more 
promising is the use of the system to typ i fy the various plant-communities by 
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determining the life form of the most frequently occurring species. Since most 
of these communites have a rather constant structure and are more or less 
bound to specific soil types, i t must be possible to describe them by means of 
lifeform spectra. In the context of this study time prohibited us to do so. 
Obviously, plenty of possibilties for future studies are available here. 

2.3.4 Vegetation forms 

Next to their u t i l i ty as an expedient to visualize unknown plant species, 
growth forms (s .s . ) can be used as materials for a physiognomic description 
(or classification) of plantcommunities. Physiognomy depends on the dominant 
growth forms of a community, but also on its biomass-structure and vege­
tative periodicity characters in the principal layers (Kuchler, 1974). 

However, not all growth form classification systems f i t to one of the 
existing and, for our purpose suitable, physiognomic classification systems for 
plantcommunities. For instance, the growth form system, which was designed 
by Booberg (1931) especially for the island of Java, would for this reason not 
be a fortunate choice (moreover, Booberg's growth form classes are rather 
poorly defined). 

In contrast, the work of Eiten (1968) answers to the specific demands of 
our s tudy. I t provides not only a classification of species into (well-defined) 
growth forms, it also gives a global system of (again well-defined and sti l l 
f lexible) vegetation physiognomy (or vegetation forms). 

S t i l l , to meet the specific demands of the Ujung Kulon vegetation, Eiten's 
system also had to be modified s l ight ly. For instance, subtypes of growth 
forms were described in lianas, herbaceous climbers and epiphytes. Moreover, 
strangling figs were added as a new growth form. 

Table 2c provides an enumeration of the growth form nomenclature based 
on the work of Eiten, as it is used in this s tudy. 

The incorporation of the species of Ujung Kulon in this system is given in 
Appendix C. The (f lorist ical ly defined) vegetation types are incorporated in 
the classification system of vegetation forms in chapter 9. 

Deciduousness has been included in Eiten's classification system for 
growth forms. On this point, one might argue that deciduousness is an ecolo­
gical interpretation rather than a merely morphological character. However, 
we agree with Eiten that i t is primarily a visible character of the species or 
vegetation itself and may thus be incorporated in a growth form system. 

Nevertheless, the ecological significance of deciduousness as an adaptation 
to seasonal drought is obvious. We shall recur on this subject when d is­
cussing the broad climatic zonation of Ujung Kulon in Chapter 5. Further­
more, Eiten's vegetation forms are used in this study to complete the des­
cription of the vegetation types. Of all these types a (synecological) in ter­
pretation will be g iven, based on the f loristic composition, the major l i fe-
forms and the vegetation form (see chapter 9 ) . 
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Table 2c. L i s t of growth-forms occuring in Ujung Kulon 

( s l i g h t l y modified a f te r E i ten , 1968). 

Trees s . 1 . 

ET evergreen broadleaf tree 

DT deciduous broadleaf tree 

TP tree-palmoid 

TB tufted bamboo 

RT rosette tree (pandan) 

SF strangling fig 

AT aphyllous tree (casuarina) 

PT pachycaul tree 

Scrub elements 

(not-climbing, terrestrial) 

BS broadleaf shrub* 

SP scrub-palmoid 

RS rosette scrub 

PS pachycaul scrub 

CA giant aroid 

Woody climbers 

BL broadleaf liana* 

PL palmoid liana 

CB climbing bamboo 

Herbaceous elements*** 

BH broadleaf herb (forb)* 

CH graminoid herb 

TC tussock graminoid 

CH cushion herb 

AF acaulescent fern 

AH aphyllous herb 

Herbaceous climbers 

BV broadleaf vine* 

CV graminoid vine 

CF climbing fern 

AV aphyllous vine 

Epiphytes** 

SE scrub epiphyte 

HE broadleaf herbaceous epiphyte 

FE fern epiphyte 

* both evergreen and deciduous. 

** including climbing hemi-epiphytes. 

*** not-climbing, terrestrial and aquatic 


