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PREFACE.

Since 1918 I have been engaged in a study of the pollination of the
plants growing in the higher parts of Mount Pangrango-Gedeh. For this
purpose | have sojourned frequently on the tops of this mountain. The data
on the biology of plants and animals, collected during these successive
visits, have been digested in the chapters here following, in connection
with other data gathered in the course of excursions to several other
mountain tops in Java. The area specially investigated, however, is the upper
part of the nature-reserve “Tjibodas-Gedeh', the reserve which extends
from the mountain-garden at Tjibodas to the summits of Mt. Pangrango-
Gedeh. The observations on the flowering-seasons of the plants, however,
have been made on the top of Mt. Pangrango only.

Il hope that the present volume will serve as a basis for further
investigation. Much remains to be done. | have confined myself here to
the Phanerogams though it was originally my intention to embody in this
report the Cryptogamous plants also. I had to waive this plan, however,
because the latter are on the whole as yet insufficiently known.

In the numerous excursions. undertaken during the progress of this
investigation, | have received valuable assistance from the former assistant-
curator of the gardens at Tjibodas Mr. M. L. A. BRUGGEMAN, and from
the present assistant-curator, Mr. C, L. L. vaAN WOERDEN.

My friend, Dr. ]J. Lorez CArRDOZO, has translated for me the eight
chapters of the general part. To Prof. Dr. C. E. B. BREMEKAMP | am
indebted for reading the manuscript of this book. To all these persons
| have pleasure in tendering my most cordial thanks.

| am also indebted to the "Maatschappij ter bevordering van het Na-
tuurkundig onderzoek der Nederlandsche Kolonien”, and to the “Insulinde
Fonds™ ; their liberality made the printing of this work possible.

Buitenzorg—Leersum.







CHAPTER L

HISTORICAL SURVEY.

Few mountains in Java have been climbed more frequently than the twin
volcanos Pangrango and Gedeh. Numerous explorers have ascended their
tops and reported on what they have seen. It is not my intention to give
a complete survey of all these publications; I intend to discuss in this
chapter those only, which appear to me of sufficient importance. In the
chapters on individual subjects 1 will quote however several other articles.

The summit of Mt. Gedeh was attained before that of Mt. Pangrango.
It is generally believed that JUNGHUHN was the first to ascend Mt.
Pangrango, and he himself supposed so too, but the carliest accounts of
the ascent of this mountain derive from two other naturalists, and I will
consequently start this discussion with the communications of these men.

These pioneers were KUHL and VAN HASSELT, two young biologists who
had been sent to Java by the members of the so-called Natural Science
Committee. By untiring labour they achieved many results, but at a very
early age they both died, one shortly after the other, from diseases incurred
in the course of their exhausting expeditions. In the letters, they addressed
to the Committee, many data are to be tound concerning the natural history
of the regions visited by them. In a letter 1) dated Buitenzorg the 8th. of
August 1821, that is eighteen years before JUNGHUHN reached the top of
Mt. Pangrango, KUHL and VAN HASSELT report: "We have just returned
from a very difficult mountaineering expedition: for notwithstanding all
previous failures we have at last succeeded in conquering Mt. Pangrango,
whose summit lies 8500 feet above Buitenzorg, or 9400 feet above sea
level."”

In a letter 2) dispatched on August 10th. following they write: “"We
are but this moment returned from the top of Mt. Pangrango (Gedé,
RAFFLES, Maps of Java), which is connected by a ridge with Mt. Gedeh.
The height of this mountain above Buitenzorg amounts to 8580 feet. Neither
this peak nor the easterly one of Mt. Salak were ever volcanos. At these
tremendous altitudes and in those cold regions we have come upon
numerous lairs of rhinocerosses and the tracks trodden by these animals
through the northerly vegetation of these parts have served us as a means
to reach the top .

L} Uittreksels uit de brieven van de Heeren KUHL en VAN HASSELT, aan de Heeren
C. J. TEMMINCK, TH. VAN SWINDEREN en W. DE HAAN, Algemeene Kunst en Letter-
bode voor het jaar 1822, Vol. I, Haarlem, p. 103.

2) loc. cit., p. 152,

Verhandel. Afd. Natuurkunde (Tweede Sectie) DI. XXXI. 1
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As we shall see further down JUNGHUHN doubts whether the said two
naturalists really got to the top of Mt, Pangrango ; it appeared to him more
likely that they had reached the edge of the old craterwall only. But this
point is lower than the 9400 feet quoted by KUHL and VAN HASSELT as the
height of the top reached by them. Some doubts are indeed suggested by
the fact that they made no reference at all to the Primula imperialis, which
is so common on the top of Pangrango. This plant does not seem to have
been collected by them, for otherwise it would certainly have been included
in the publications of BLUME. This Primula, however, does not grow on the
top itselt, but in the crater-valley, and it is possible that KuHL and vaN
HASSELT may not have visited this locality; besides they ascended the
mountain in August, and as this plant does not flower very abundantly in
that month, it may have been overlooked.

In their second letter, as quoted above, they mentioned the maze of tracks
cleared by rhinos in the mountain forests, to which JUNGHUHN also drew
attention in the account of his first ascent of Pangrango. JUNGHUHN also
made use of these paths in order to reach the top. Though complete
certainty cannot be arrived at, it appears very probable that KuHL and
VAN HASSELT were the first to have reached the top of Mt. Pangrango.

REINWARDT, the founder of the Botanic Gardens of Buitenzorg, ascended
Mt. Gedeh on the 19th. of April 1819; he mentions that the American
naturalist TH. HORSFIELD had already climbed this mountain, but I have
been unable to find a report of that excursion. JUNGHUHN relates that
REINWARDT followed the path cleared by order of the Governor General
RAFFLES along a south south-eastern slope of the mountain. This path
abutted on the southern crater wall of Gedeh, the so-called Sedaratu.
REINWARDT 1) was the flirst to describe the vegetation of the higher part
of the mountain. He did it in the following words: "At last when at still
greater heights the forests of Lauraceae also cease, when the peaks grow
narrower, and the air becomes more rarefied, when the trees can no longer
protect each other, and the slopes becoming steeper and steeper can no
longer hold the loose mould, then at an altitude of some 7000 feet or
upwards, the aspect of the woody vegetation gradually changes; the trees
become smaller and more stunted, their trunks clothed with mossy growth,
and long fringes of [lsnea hang down from their boughs; the herbs begin
to display forms altogether different from what one is accustomed to behold
at lower levels ; the whole reminds us of the Alpine mountains of the colder
north ; warped boles and branches and small stiff dry leaves characterize
both trees and bushes’.

"It is especially the heather family, Ericaceae, which supplies most of the
plants of these highest tops that are clad with vegetation, and with them

1) C. G. C. REINWARDT, Over de hoogte en wverdere natuurlijke gesteldheid wvan
eenige bergen in de Preanger Regentschappen. Verhandel. v. h. Bataviaasch Genootschap
van Kunsten en Wetenschappen, Vol. IX, 1823, p. 3.
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go the fine Rhododendron retusum, a Leptospermum on Gedeh, and Salak,
and elsewhere a Myrica. These plants, except Vaccinium ferratum (-
Gaultheria nummularioides) which reminds us of our cranberries (Oxycoc-
cos), are still trees, characterized by very firm heavy wood. The fig genus
furnishes an exception in one of its numerous species Ficus diversifolia,
a shrub of which the leaves are partly quite blunt and partly acute, this
being in fact the only one which ascends even the highest tops.

Among these trees and shrubs there also grow other and smaller plants
and herbs, all more agreeing with the northernly flora of Europe than with
that of the lower areas of the Indies. On and round the top of Gedeh a
vellow-flowered honeysuckle (Lonicera), a Hypericum, a stalked Bellis
(Myriactis nepalensis), a shrubby white Gnaphalium (= Anaphalis
javanica), a Valeriana described by HARDWICK, a small Gentiana in the
lava-ash which fills the valley between the two tops of Mt. Gedeh (the
aloon-aloon) etc. are very common, all plants which one would hardly
expect to find in the Indies at a latitude of six degrees’".

“But though in all these plants we discern the forms peculiar to the
temperate or cold zones, these are nevertheless all specitically distinct from
the plants familiar to us. To this rule the cryptogamous plants alone form
an exception; many of these differ in nothing from the European ones .

REINWARDT also gives us some information with regard to the fauna of
the highest tops. He points out that at this altitude the animal world does
not present such a range of variety as the plants do. He thinks here
probably of the higher orders only, for reptiles no longer occur here, and
birds are also getting scarce. None but pigeons and thrushes attracted by
the berries of Vaccinium are seen. The Rhinoceros alone forms an
exception ; these creatures then were found even on the highest tops.

On April 13th. 1824 the first Director of the Buitenzorg botanic gardens
C. L. BLumg 1), set out for Mt. Gedeh. He reached the top ot this mountain
but not by the same trail which HORSFIELD and REINWARDT had followed :
he travelled by the Puntjak-pass and penetrated into the mountains through
the forest on the Northern slopes. The track cut by him traverses to a large
extent the same parts as the path which is most frequently used nowadays.
He crossed the Rawah 2) Tji-beureum and reached the Tji-kundul falls.
Thence the path ascended and he passed the hot wells and finally pitched
his camp on the saddle ridge between Pangrango and Gedeh at a place
known as Kandang Badak 3).

Through the crater of Gedeh he reached the eastern part of the aloon-
aloon. Of the plants observed by him he says that they belong to such
species as are usually confined to the peaks of these volcanos. He

1) C. L. BLUME, Over de gesteldheid van het gebergte Gedé. Verh. v. h. Batav.
Genootschap van Kunsten en Wetenschappen, Vol. X, 1825, p. 57.

2) Rawah = morass.

¥) Kandang Badak = Rhinoceros’ coral,
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enumerates various species which he found in the crater, a.o. Rhododendron
retusum, Myrica javanica, Vaccinium varingifolium, Gaultheria fragran-
tissima, G. leucocarpa, G. nummularioides and Lonicera javanica. He also
states that cryptogamous plants are found living even in close proximity
to vents of the solfataras. On the precipitous inner wall of the crater were
found Myrica javanica, Vaccinium varingifolium and Anaphalis javanica.
On the slopes of the aloon-aloon he saw Dianella vulcanical), now called
Dianella javanica. In the aloon-aloon were found by him: Thelymitra
javanica growing among stones, Anaphalis javanica, a few grasses, Swertia
javanica and Gentiana quadrifaria. About this aloon-aloon BLUME writes :
"It lies there in its pale vesture of Gnaphalium ; its solitude unbroken but
tor a brooklet rising at its centre and spreading a faint murmur as it flows

westward' . See plate XXV.

In May 1836 L. HORNER 2) in the company of Mr. MULLER and Mr.
KORTHALS spends five days on the top of Mt. Gedeh. They follow the
path cleared by BLUME twelve years before. HORNER gives 9100 feet as the
height of this mountain top, stating in a note at the foot of p. 5 that this
value has been taken from Messrs KuHL and vAN HASSELT, who had
climbed Pangrango.

HORNER and his companions traverse the Tji-beureum swamp and pass
the talls ol the Tji-kundul and the hot springs, then they ascend a further
800 feet through forests consisting of trees which decrease considerably in
stature and belong to entirely different species as those occurring in the
torests at lower levels. The explorers then reach a small elongated tract of
ground covered with a whitish earth composed of sand and mire, which is
the place called Kandang Badak. Close to Kandang Badak flows, says
HORNER, a tremendous lava stream, rising into a stony wall about a hundred
feet high, made of piled up dark blocks and known by the name of Gunung
Batu (mountain of stones). This part is wild and barren, with only here
and there a few fine alpine roses (Rhododendron retusum). Not much else
is said about the vegetation of the parts of Gedeh visited by him, this
treatise being valuable principally for its geomorphological descriptions,
and as such it is already referred to and recognized by JUNGHUHN.

Three years later these mountains were visited repeatedly by JUNGHUHN
and he gave detailed descriptions of these excursions in his “Streifziige
durch die Wald-Gebirge G. Pangrango, Mandelawangie und Gedé, unter-

1)  See the note in BACKER's Handboek voor de Flora van Java, Vol, III, 1924, p. 54,
note 1. JUNGHUHN mentions this plant in his "Reisen” on p. 479 and calls it Dracaena
vulcanica Bl.,, but according to BACKER, a valid description has never been given by
BLUME. The name, however, was published by him and JUNGHUHN probably took it over

from his article.
=) L. HORNER, Geologische Gesteldheid van den Vulkaan Gedé op Java. Verhand.
Batav. Genootschap v. Kunsten en Wetenschappen, Vol. XVII, 1839, p. 3.
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nommen im Jahre 1839 1), In this publication his observations in the
spheres of botany, meteorology, topography and geology are set forth in
the attractive form which is a quality of JUNGHUHN's writings.

In the botanical section are recorded the results of his numerous visits
to this mountain, and it gives moreover a survey of what was then known
on this subject. I think therefore that I will be allowed to dwell on it at
some length.

As his first excursion did not yet take him as far as the summit of
Pangrango, the description of his second expedition is of more importance
to us.

On April 1st. 1839 JunGHUHN starts which G. A. FORSTER from the
hostelry (government bungalow) Bodjong Keton situated on the western
slope of Pangrango. To begin with there are sketches of the forest in the
lower parts of the mountains which they have to traverse on their way to
the rim of the ancient crater wall. From this point they have a magnilicent
view of the impressive cone of Pangrango 2). All the trees on this wall of
the old crater are of a curious habit, their trunks being rugged, the branches
twisted in snaky coils, crooked and gnarled. The leaves are small and
leathery and usually congested at the top of the branches, so that an
“alpine” character can hardly be denied to these small trees.

From the col he continues the climb to the peak of Pangrango, finding
in this part a Myrtacea, Leptospermum javanicum covered with a thousand
white blossoms as with snow. This forest is crossed in all directions by
tracks trodden by rhinocerosses, as already mentioned by Messrs KUHL
and VAN HASSELT. In this forest JUNGHUHN comes upon specimens of
Vaccinium varingifolium with boles of 1 m diameter. On the top itself he
perceives the Primula imperialis and thus describes his discovery: #) "Indem

ich durch dieses Dickicht drang. stellte sich mir wer schildert mein
Entziicken! — eine Primula dar, deren Schaft sich aus der Mitte préach-

tiger. fusslanger Wurzelblédtter mehre Fuss hoch emporhebt und seine gold-
farbnen Kronen, die, doldenférmig, oder wirtelférmig zusammengestellt,
durch das Laub schimmern, recht zur Schau triagt. Ich erkannte diese
majestitische Pflanze — gleichsam einen Fremdling aus fernen, nordischen
Zonen, hierher gezaubert und mit tropischer Pracht angethan fiir neu
und taufte sie auf der Stelle Primula imperialis. Mit diesem Schatze im
Arme, ging es nun riistig bergan, und alle Ermiidung war vergessen .

At three o'clock he reaches the western edge of the top of Pangrango:
next morning he follows the edge and gains the eastern side, which atfords
him a gplendid view of the summit and crater of Gedeh. See plate IV, He

1) FR. JUNGHUHN, Topografische und Naturwissenschaftliche Reisen durch Java.
Magdeburg, 1845, p. 412
"} In the publications of JUNGHUHN the central cone was called: Mandelawangi

Nowadays it is known as Pangrango. In the description of JUNGHUHN we have every-

where changed the name,
3)  p. 445,
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expects to find also a big crater in the top of Pangrango, but finds instead
on the skirts of the forest a grassy plain with a brook tlowing across it.
Two rhinos were grazing on the banks of this rivulet: on his arrival they
fled into the forest. In this valley, the “Centralgrund” as JUNGHUHN calls
it, he finds many plants. Besides grasses and Anaphalis javanica he
mentions Lichens growing on stones and fallen boughs. Along the brook
he found Ranunculus javanicus and a grass Agrostis, which at first he took
for Festuca nubigena. The plants in this central plain were especially along
the margin of the forest well developed. More towards the middle he found
Lycopodium rigidulum (= Lyc. miniatum), Gleichenia vulcanica and G.
vestital).

Next JUNGHUHN proceeds to a description of the various trees found by
him, 1. The most generally prevalent is Thibaudia vulgaris (= Vaccinium
varingifolium ), whose trunk can attain an enormous girth. These trunks are
bent, crooked and obliquely rising, and they branch already near the
ground. The crown of foliage is nearly globose, and unilateral clusters of
purple flowers show among the leaves, 2, A dioecious tree, of which he does
not give the name, though he gives a diagnosis. This tree is characterized
by leaves that are pointed and regularly serrated at the apex. By this it is
clear that no other but Eurya acuminata can be meant. 3. Another dioecious
tree, of which he could not find any female individuals and which in habit
resembles Litsea cubeba. This must be Rapanea avenis. 4. Thibaudia rosea

— Vaaccinium laurifolium) with large glossy leaves and pink flowers. 5.
Gaultheria leucocarpa. 6. Photinia integrifolia (= Phot. Notoniana). 7.
Gnaphalium javanicum (= Anaphalis javanica); this small tree has a
thin stem with a rugged bark and a more or less spherical crown. The plants
are grey and the white flowers contrast but slightly with the foliage. 8.
Vireya retusa (= Rhododendron retusum) whose tubular scarlet flowers
contrast beautifully with the pale hue of Anaphalis. 9. Leptospermum java-
nicum (a myrtaceous shrub) whose foliage is strewn with white flowers. 10.
Hedera squarrosa (= Schefflera rugosa) which pushes its straggling
branches through the crowns of other trees. 11. A slender tree-fern Cyathea
oligocarpa is also reported by him as occurring on the top. This is probably
Cyathea crenulata, which however though common in the vicinity of Kan-
dang Badak, is rather rare higher up.

JUNGHUHN mentions also several shrubs and herbs. Lonicera, Hypericum
and Gleichenia volubilis are common. He enumerates further a Carex with
brown-red panicles, probably Carex hypsophila, Sanicula, Valeriana
ofticinalis (= Valeriana Hardwickii), Thalictrum, Swertia, Viola pilosa,
Plantago major and a balsam with verticillate leaves, Impatiens cyclocoma.

L} At present Lycopodium miniatum is no longer found in the open part of the central
plain, but it is still present in the surrounding forest. Gleichenia vestita will also be looked
for in vain. The plant does grow in the moist gully of the Tji-Kuripan, close to the top.
In “Java" (2nd. edition, p. 602) JUNGHUHN mentions Lycopodium rigidum among the

inhabitants of the forest; it is as a matter of fact a genuine forest plant,
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A fern which is very abundant and resembles Blechnum orientale, viz.
Plagiogyria pycnophylla is also mentioned. He refers further to a few fungi.
One species, which was very abundant, was called by the natives djamur
badak, i.c. rhinoceros fungus, because it was supposed to be a favourite
food of these pachyderms. The mosses are, according to JUNGHUHN, more
characteristic than the mushrooms. They cover in thick layers trunks and
branches. Most of them belong to the genera Leskea, Orthotrichum and
Hydnum. The pendulous beardmoss Usnea was also observed by him.

It will be in vain, JUNGHUHN says, to look for a similar forest on another
mountain top in Java, for the peaks elsewhere are either covered with young
volcanic products and bear no vegetation at all or a very young one, or
they are covered with Casuarina forest, or with grass steppes consisting
mainly of Festuca nubigena. Nevertheless the vegetation of Pangrango,
which has not been disturbed for a very long time, is to be regarded as
normal. The deep layer of humus points to a high age.

The 3rd. of April dawned on a misty drizzle; it was very still and
everything seemed deserted by life. The sun did not come through till 8
o'clock, and then the voices of the birds began to be heard. Next morning
JUNGHUHN left the mountain-top and returned to Bodjong-Keton.

Once more in the same year JUNGHUHN makes his way to the top of the
mountain in company with A, KINDER, and remains there for four days,
from July 28th. to 31st. For this stay he had a cabin built in the central
plain. In the morning of July 29th. the plants on the plateau were covered
with hoar-frost, all grasses were hung with frozen dew and the edges of
the leaves, for instance of Plantago, were crusted with ice; the leaves of
Anaphalis on the other hand were not covered with hoar-frost, and in the
forest the dew was not frozen. There was not a stir of wind and it was dry
weather and the brook, which in March had plenty of water, was by now
almost dry. On July 31st. they descended by means of rhino-tracks from
the cone of Pangrango in the direction of Kandang Badak and reached the
col which connects Pangrango with Gedeh. They followed this level ridge
for a time and ascended then towards the latter mountain. The trees so
thickly covered with moss began to disappear, the specimens of Vaccinium
varingifolium and Gaultheria [ragrantissima grew ever smaller, the ground
bore less and less vegetation and grew drier. At length the mossy humus
ceased altogether, leaving the stony ground bare. Here appeared Inga
montana (= Albizzia montana) which was entirely absent from Mt.
Pangrango.

JUNGHUHN calculated the lapse of time between the last great eruption
and the time of his visit and concluded that the forests on this part of
Gedeh must be about 97 vears old. The higher they climbed the more bare
and stony the crater edge grew, and at last they reached the summit, which
commanded a view of the aloon-aloon, and now they began to descend
through spare groves of Vaccinium varingifolium among which stood some
Dianella javanica, until they got to the plateau. The soil there consisted of
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sand and pebbles, scantily dotted with Anaphalis javanica and Festuca
nubigena, read Calamagrostis australis. JUNGHUHN confused this grass with
Festuca nubigena, which, though common on the volcanos of Central and
East Java is known in West Java from Mt. Papandajan only.

The other side of the aloon-aloon was thickly covered with forest
consisting chiefly of Leptospermum javanicum, and he noticed the clear-cut
boundary between this forest and the sparsely wooded part. The difference
between the two parts according to JUNGHUHN is caused by the presence of
sulfur and alum in the composition of the barren soil, which once formed
the bottom of a crater. They climbed the Gemuruh-ridge, i.e. the outer edge
of the aloon-aloon, where a few huts had been built already. Near by there
was a cave in which the eggs of silkworms (silkworms were then cultivated
in Java) were kept for some time, because the exposure of these eggs to
low temperatures was supposed to prevent a decrease in size of the worms
and cocoons.

On the 3rd. August they descended. JUNGHUHN observed that the
Vaccinium trees covering the stony S. W. slope of Gedeh were evidently
much younger than those growing on Pangrango, their trunks being less
thick and knotty and the moss cushions not so strongly developed.

On November 9th. 1839 JUNGHUHN in company with Count VAN
BENTHEM and Mr. VERMEULEN paid another visit to this mountain, the last
one of those described in the book mentioned above. They started from
Tjibunar and towards evening they reached the aloon-aloon of Gedeh,
where a rhino started up just in front of them. The weather was
exceptionally bad and next morning JUNGHUHN pushed on alone towards
Pangrango. Halfway up the cone of this mountain he came upon a newly
cleared path by which many natives were returning from the top. Huts, he
found, had been built on the top of the mountain, the forest had been
cleared and on the levelled ground the curator of the Botanic Gardens had
planted young apple, pear, apricot and peach trees. He soon leaves the
top, aggrieved by the destruction of the forest which a couple of months
ago he had seen in its virgin beauty, He writes: "In wehmiitiger Stimmung
verliess ich diesen schénen Gipfel, wehmiitig, zu sehen, wie seit der kurzen
Zeit wo er zuerst durch mich auf Buitenzorg bekannt geworden war, schon
so manche seiner einsamen Bliithen zertreten waren, und schon so manches
seiner schonen Baumchen unter der Axt hatte fallen miissen. Eine bedeu-
tende Strecke seines lieblichen Waldes aus T hiebaudien, Gaultheria.
Vireya, Gnaphalium und Leptospermum, in deren Schatten die Primula
imperialis bliht, und auf deren Wurzeln die Balanophoren knospen, lag
rettungslos dahingestreckt".

The closing months of 1840 witnessed a violent eruption of Gedeh, which
was described by HASSKARL1). In this article there are also some

1} J. K. HASSKARL, Uitbarsting van den berg Gedeh, gedurende de maanden Novem-
ber en December 1840. Tijdschr. v. Nederl. Indié, IV, 1841, Vol. I, p. 241.
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observations on the vegetation. In a note at the foot of p. 248 HASSKARL
says that the track which leads by Tjibeureum and Kandang Badak to the
top of Pangrango, has been greatly improved, so that the top can be
reached on horseback. This is the path which was formerly followed by
BLUME as far as Kandang Badak and which was pushed by the curator
TEYSMANN as far as the top of Pangrango. Near Tjibeureum and at a few
places higher up TEYSMANN caused gardens to be laid out for the culti-
vation of strawberries, peaches, white lilies, roses and Tropaeolum.

Above the hot springs, that is above 2200 m, a great many trees were
felled by the gale which arose during the eruption, and many trees were
blown down and burnt also in the vicinity of Kandang Badak. In the open
spots thus formed many seedlings of Albizzia montana came up, and on the
stumps of Vaccinium varingifolium the small red leaves of the young shoots
were everywhere visible.

In his history of the volcanos JUNGHUHN 1) also gives some particulars
about Gedeh and Pangrango. He informs us that the ridge between the
two volcanos called Pasirhalang, is the highest col between any two vol-
canos in Java. He also discusses the laying out of the garden by TEYSMANN
on the top of Pangrango, to which he attributes the diminished capacity of
the brook in the central plateau; and he relates that for several nights ice
was formed in this brook. He gives also a few particulars with regard to
Gedeh, a.o. that a great part of the crater wall was wrecked by the terrible
eruptions of 1747 and 1748: and he concludes that the forests around
Kandang Badak could not be older than 92 years. By the 1840 eruption the
vegetation below the crater edge was destroyed over a distance of 100 m;
down to Kandang Badak everything had been covered with a layer of ashes
about two feet deep, but the plants had nevertheless sustained but little
injury.

This article led to an unpleasant controversy between JUNGHUHN and
TEYSMANN, TEYSMANN 2) points out that the name of the cone-shaped
mountain should not be Mandelawangi, but Pangrango, and he calls
JUNGHUHN's idea that in Java clouds do not rise above 2000 m, incorrect at
least with regard to the mountains of West Java. The mountains are some-
times for days and even weeks entirely wrapped in clouds; in the dry
season only they may be, for some few days, entirely free. He considers
JUNGHUHN's opinion of the relative dryness of the highest parts also as
erroneous. The brook contains during the rainy season an abundance of
water, and its water supply has not been lessened by the laying out of the

1)  FR. JUNGHUHN, Bijdragen tot de Geschiedenis der Vulkanen in den Nederl. Indischen
Archipel. Tijdschr. v. Ned. Indié, V, 1842, Vol. 1, p. 110.

2) 1. E. TEYSMANN, Kritische Aanteekeningen op de bijdragen van Doctor JUNGHUHN,
tot de Geschiedenis der Vulkanen in den Ned. Ind. Archipel. Tijdschr v. Ned. Indig, V,
1842, Vol. 1, p. 487.
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garden. TEYSMANN also contradicts the statement that hoar-frost occurs
on the mountain tops, and finally he states that it was not JUNGHUHN, but
Messrs Kutt. and van HAssSeLT who were the first naturalists to climb
Pangrango and that only the early death of those explorers prevented them
from publishing a description of their expedition.

JUNGHUHN's reply!) was not long in forthcoming and in an article of
great acerbity he attempts to refute TEYSMANN's criticisms, He maintains
that the name of the cone must be Mandelawangi because most natives give
it that name, and he sticks to his conception that the air above 2000 m is
drier than lower down. He doubts that KuHL and vAN HASSELT had really

reached the summit.

Another article from JUNGHUHN's 2) pen on the physiognomy of the flora
of the Javanese mountain tops appeared in 1845. He does not, as a matter
of fact, refer especially to the flora of Gedeh-Pangrango, but this work
should nevertheless be mentioned, because it contains short descriptions of
various plants which are peculair to this mountain, for instance one of

Leptospermum javanicum.

A detailed description of Gedeh was published by KORTHALS 3) in 1848.
He describes the flora which occurs on the stony upper slopes of the crater
of Gedeh. The plants display a shrubby habit. Apart from the Ericaceae
he mentions Leptospermum, Myrica and Albizzia. Among these grow
Swertia, Anaphalis javanica and Gnaphalium longifolium and the blue-
flowering Dianella javanica. The naked rock is covered with Gaultheria
nummularioides and Pleopeltis, and lichens occur on projecting rocks. From
this point on the upper slopes of the crater the spectator gets a view of
the cone of Pangrango, which is clad in a mantle of green.

He reaches the top of this mountain and descends to the aloon-aloon,
which by its barrenness suggests to the visitor a European heath. But few
species of plants meet the eye: he enumerates Anaphalis javanica, Swertia
javanica, which occurs here in very small individuals, Gentiana quadrifaria,
T helymitra javanica and a few grasses. Next he describes the vegetation
on Mt. Gemuruh, mentioning an Astronia species and Quercus pseudo-
molucca, and in their shade an undergrowth of Ranunculus, Hypericum and
Rubus. In the green moss cushions thrive many epiphytic orchids:
Dendrobium Kuhlii and Ceratostylis latifolia. On the mountain ridge he

1)  FRr. JUNGHUHN, Kritieck over kritische Aanteekeningen. Tijdschr. voor Ned. Indié,
V, 1842, Vol. 1, p. 663.

2)  FR. JUNGHUHN, Physionomie van de flora van de bergtoppen van Javaansche ber-
gen, benevens plantenbeschrijvingen. Natuur- en Geneeskundig Archief voor Ned. Indié,
1, 1845, p. 20.

3) P, W. KORTHALS, Waarnemingen aangaande den berg Gedé op Java. Nederlandsch
Kruidkundig Archief, Vol. 1, 1848, p. 117.
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finds a.o. Leptospermum javanicum, Rhododendron retusum and ferns such
as: Lomaria vestita and Pleopeltis feeil).

He also found Scurrula fusca as a parasite on a species of Vaccinium ;
the seeds of this plant must have been brought by birds: either by Ixos
bimaculatus (= Pycnonotus bimaculatus) or by a Turdus.

The remaining portion of this treatise is devoted to a geological
description of the mountain.

Pangrango and Gedeh are also described in the second volume of
JUNGHUHN's Java 2), the classic on this island. But the description is not
so circumstantial as that given in his “Reisen” and does not contain an
enumeration of the plants, so that we may leave it at this passing mention.

On July 26th. 1853 the tops were climbed by VAN DER BOR 3). He records
the existence of a log cabin on the top of Pangrango, but hardly anything
is said concerning the vegetation. As to that of the Gedeh crater he merely
says that owing to the continuous rain of sulphur the trees stood bare.

In 1854 MoTLEY 4) visited the top of Pangrango. In a letter he relates
how odd a sensation it was to a person arriving from Europe to come
among plants like Viola, Ranunculus, Impatiens, etc. He also refers to
Primula imperialis, saying that it grows only near the top. A few orchids
are recorded by him, such as Dendrobium Hasseltii and D. cymbidioides.
The top of Pangrango is a kind of amphitheatre, and the forest had been
cleared for laying out a garden, which chiefly produced strawberries.
The apples and other European fruit-trees are so thickly grown with lichens
that they can hardly grow. A bush consisting of crooked stunted shrubs,
chiefly Ericaceae, reaches up to the edge of the amphitheatre.

TEYSMANN 5) writes that small bungalows were often put up at Kandang
Badak, which were however as often wrecked by the burning-hot stones
discharged from the crater of Gedeh. On the top of Pangrango a small
experimental garden was laid out, which after a fair promise eventually

proved a failure, owing to a lack of manure.

1)  There is probably here a confusion with Pleopeltis triquetrum, which in the sterile
state resembles Pleop. feei and occurs epiphytically in the alpine forest, whilst Pleop. feei
is only met with in bare open parts on this mountain.

2) FR. JUNGHUHN, Java, zijn gedaante, zijn plantentooi en inwendige bouw. Second
edition, 's-Gravenhage, Vol. 11, 1854, p. 25.

3) L. VAN DER BOR, Fragment uit zijn dagboek. Een uitstapje naar de Pangrango en
den Gedeh. Biang Lala. Indisch Leescabinet, Vol. III, Tome 1, Batavia, 1854, p. 110.

4) Letters from JAMES MOTLEY, Esq. to W. MITTEN, Esq. HOOKERS Journal of
Botany, Vol. VII, 1855, p. 81.

8) J. E. TEYSMANN, Uittreksel uit een dagverhaal eener reis door Midden-Java.
Natuurk. Tijdschr. v. Ned. Indié, Vol. VIII, 1855, p. 195.
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The scientific staff of the Austrian exploring-vessel Novara also visited
the top of Pangrango. They arrived in the month of May and were very
unfortunate as to the weather. They describe 1) the trip on horseback from
Tjipanas, and the experimental gardens started by TEYSMANN at 'T'jibeu-
reum and Kandang Badak. In thick clouds of mist they reached the top.
where they found a large crowd of people and horses, and a good bungalow
with every convenience and by its side a strawberry plantation with ripe
fruits. As a characteristic plant of the upper zone they mention: Gnaphalium
arboreum (= Anaphalis javanica). Primula imperialis is also found. Of
birds they only mention the mountain thrush and a smaller species
resembling the European wren. They append a sketch of the top, which
shows in the distance the crater of Gedeh and in the foreground a bunga-
low and an extent of ground, except for a few old trees completely striped
of its original vegetation.

A very good description is found in the work of WALLACE 2) who in
October 1861 collected in West-Java and visited the top of Pangrango. He
made the excursion in the usual way via Tjibeureum and Kandang Badak,
where he found a glade in the forest occupied by numerous tree-ferns and
by a young plantation of cinchona. From Kandang Badak as his base he
visited the crater of Gedeh and the top of Pangrango, but during his
excursions he only met with mist and rain. He describes the vegetation
covering these regions and gives a figure of Primula imperialis. The low
trees gnarled and dwarfed to the dimensions of bushes attract his attention;
they occur as far up as the very top but they are absent from the crater
gorge. In this part were found many open spaces with thickets of a shrubby
Artemisia and of Gnaphalium (Anaphalis javanica). Finally he reproduces
MoTLEY's list of plants.

WALLACE points to the remarkable fact that here South of the equator
plant species are found belonging to Northern genera and that these plants
are surrounded by a complete girdle of tropical vegetation in the lower
regions. Of this phenomenon he gives an explanation, which he afterwards
modified and perfected in his “Island Life”. He draws attention to the fact
that on the Peak of Teneriffe in the Canary Islands, which rises much
higher than the mountains of Java, no alpine flora is found, though the
distance from this peak to Europe is much smaller. On the tops of the
Alps and Pyrenees numerous plants occur which are similar or identical to
plants growing in Lapland but absent in the intervening countries. Since
several of these plants possess heavy seeds, which can neither be conveyed
by wind nor carried by birds for long distances, their occurrence in localities
so widely separated cannot be explained by assuming that they have been

1) Reise der Oesterreichischen Fregatte Novara um die Erde, in den Jahren 1857,
1858. 1859, unter den Befehlen des Commodore B. VON WULLERSTORF-URBAIN. Beschrei-
bender Teil, Vol. I, Wien, 1861, p. 156.

2) A. R. WALLACE, The Malay Archipelago. London, Second Edition, 1869, p. 114,
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carried by these agents from one place to the other. He concurs with
DARWIN in believing that, during the glacial periods, these plants grew in
the lower regions as well, and when the ice-caps melted away and the
climate grew warmer, they were pushed back by other plants to higher
latitudes and to the mountain tops. The enormous length of time elapsed
since the events justifies the assumption that the plants were modified in
distant places into different species. The difficulty of applying this
explanation to the alpine flora of the higher parts of the mountains of Java
lies in the fact that Java is separated from the continent of Asia by a
stretch of sea. But there was a time when this island was indeed connected
with Asia, and it is supposed that the alpine plants in question would have
reached the Java mountains at that time. As mentioned above WALLACE
has afterwards modified this line of argument.

Owing to the bad weather he met with on the top, his success in col-
lecting animals was not very great. A fruit pigeon, Ptilonopus roseicollis
— Ptilonopus porphyreus and the mountain thrush Turdus fumidus were

badged, but no insects were caught.

P. ]. VETH!) also wrote about the plants of the mountains of Java. He
at first was of opinion that the plants occurring there had come from
Europe, but when he became acquainted with the work of WALLACE he
accepted his explanation.

BeccARl 2) also describes the flora and fauna of the Pangrango top,
which he climbed several times. He found there Gentiana quadrifaria.
Swertia javanica, Ranunculus javanicus and R. diffusus, Sanicula europaea.
Valeriana Hardwickii, Primula imperialis and other plants of European
families, besides Vaccinium, Gaultheria and other Ericaceae. The fruits of
the former plants are not eaten by birds, but their seeds are small and may
have arrived on this top either together with dust from other mountains
carried by wind, or by adhering accidentally to the feet of marsh-birds. He
considers it unlikely that these plants could be relicts of a vegetation formerly
inhabiting the intervening stretches between the mountains. He thinks that
the seeds of the plants occurring on the Pangrango top have been conveyed
thither through the winds blowing in the N. E. monsoon and by birds
arriving from more westerly regions, first from Sumatra and later also from
the mountains in Asia. That there are so few species of Compositae on the
mountains of the Malay Archipelago he thinks may be explained by the
absence of suitable pollinators. But this does not hold good, he says, for
the Pangrango top, for Anaphalis javanica is visited there by a large
number of Diptera.

1) P.]. VETH, Tijdschrift voor Nederlandsch Indié, Third serie, Vol. 1II, Part I, 1869,

p. 491.
2) (. BECCARI, Malesia, 1878, Vol. 1, Fasc. III, p. 219
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In February 1892 HABERLANDT 1) stays some time at Tjibodas and
makes an excursion to Kandang Badak, but he does not get higher. He
describes, however, the trees covered with thick moss cushions round
Lebak Saat and gives a picture of them.

An important and interesting description of the flora of these parts has
been given by MASSART2), who made the expedition in the autumn of
1895. He offers a detailed description of the primeval forest above Tjibodas
and of the excursion to the top of Pangrango. The forest round Kandang
Badak he describes as more humble than the forest at lower altitudes. On
Pangrango, he says, Leptospermum javanicum a tree with a rounded crown
dominates. He further mentions a very common tree-fern, Aralia ferox and
Gleichenia. In this part of the forest he finds species of genera belonging
to temperate zones, growing together with tropical forms. In front of the
bungalow at Kandang Badak he notices Poa pratensis and Stellaria media
and alongside the brook Nasturtium officinale, which does not fHower here
anymore than lower down. The trees growing here are seldom higher than
10 m and their trunks are often bent, especially in Vaccinium laurifolium,
which may be either terrestrial or epiphytic in habit. Lianas are of rare
occurrence apart from a few individuals of Kadsura scandens, from two or
more species of Rubus, and from Crawfurdia trinervia. The trunks and
branches are covered with mosses in which Hymenophyllaceae grow. In the
more open parts of the forest Lycopodium volubile and species of Gleichenia
are common ; the parasite Balanophora elongata on the other hand is an
inhabitant of the denser parts. In addition to Leptospermum the [orest
consists of Vaccinium varingifolium, Araliaceae, Lauraceae, Rhododendron,
Eurya, Rapanea, Ardisia, Symplocos, Alsophila and Cyathea. On climbing
higher the observer finds that the Hymenophyllaceae become rarer, and
cease where the first examples of Primula imperialis present themselves;
the flowers of this latter plant are homostylous. Besides these still other
plants are recorded. _

The tallest tree at this altitude is Vaccinium varingifolium and the only
lianas are Rubus and Lonicera javanica. As epiphytes he found Vaccinium
varingifolium and laurifolium, Rhododendron, Nertera depressa, a few
ferns and an orchid, a species of Dendrobium, probably Dendrobium
Hasseltii.

On the top of Pangrango he sees Vaccinium varingifolium, here between
1 and 2 m high, Hypericum Leschenaultii, Anaphalis javanica and a large
number of other plants. The centre of the plateau there is occupied by a
vegetation of herbs of which he mentions Ranunculus diffusus (R. javani-
cus is probably meant, for R. diffusus does not occur on the top; it grows

1)  G. HABERLANDT, Eine botanische Tropenreise. Leipzig, 1910, second edition, p.
230, Hg. 47.

2) J. MASSART, Un botaniste en Malaisie. Bull. de la Société royale de botanique de
Belgique, Vol. XXXIV, 1895, p. 261.
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at Kandang Badak), and Isachne pangerangensis. The latter he quotes as
an endemic peculiar to this top; this however is not true: it is common on
several mountain tops.

He discusses WALLACE's theory as to the origin of those mountain
plants which belong to northern genera, but points out that several of the
plants growing on the mountain tops thrive also at Buitenzorg, so that
several species might have come from lower regions.

The next morning he makes an expedition to Mt. Gedeh. The vegetation
is very similar to that of Pangrango and he mentions a.o. a Styrax, which
to my knowledge does not occur there. He then mentions the absence from
Pangrango of Gaultheria fragrantissima, which is very common on Gedeh.
He is struck with the absence of epiphytes in the forests on Gedeh, and
supposes that the quantity of precipitation on this mountain is less than that
on Pangrango. In the crater he finds many individuals ot Albizzia montana.
small plants of Vaccinium varingifolium, and further Anaphalis javanica,
and a few other plants. During the whole of this excursion the weather was
very bad. His plate VIII, figure 12 is a foto of the Pangrango forest at
about 2800 m above sea level.

In the periodical Teysmannia some plants from Pangrango are discussed
by KOORDERS 1), a.o. Primula imperialis, Rhododendron retusum, Rubus
species and Gentiana quadrifaria. Of this plant he says that it is the only
cushion plant of the Javanese high mountains, a habit assumed as an
adaptation to the dryness of its habitat (this Gentfiana is not a genuine
cushion plant as the shoots are far too loosely arranged, so that the leaves

form by no means a dense cushion).

SCHIMPER 2) also in his notable book on plant geography gives a descrip-
tion of the flora on the top of Pangrango. According to him the mountain
forest which is already of lower stature than the rain forest shrinks at
+ 200 m below the top into a “Krummholzwaldchen™ (stunted alpine
forest). (This statement is not quite correct, as the trees maintain fairly
well their normal stature up to the very top of Pangrango, with only
occasionally smaller examples in the crater-valley). The trunks of the small
trees are stumpy and grow askew or prostrate with sparse ramification.
The leathery leaves are congested at the ends of the branches. On the
mountain top there rise above the lower wood here and there trees with
an “umbrella”-shaped crown, Leptospermum javanicum, which in the month
of December appear strewn with white blossoms. Among the bushes
Anaphalis javanica and Rhododendron retusum are common, Dominant,
however, are smooth-leaved sclerophyllous plants with a slight tendency to
succulence, such as Rapanea, Eurya, Vaccinium varingifolium and V.

of - 3 H. KOORDERS, Primula imperialis etc. Teysmannia, Vol. X, 1899, p. 446, 453

and 456.
2) A. F. W. SCHIMPER, Pflanzengeographie auf physiologischer Grundlage, Second

edition, Jena, 1908, p. 760.
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laurifolium etc. In some localities the alpine thicket is replaced by alpine
steppes, in which narrow bladed low grasses occur, together with Plantago
major, Gaultheria nummularioides and a strongly pilose species of
Rhacomitrium.

Mt. Gedeh was visited by GIESENHAGEN 1) in October 1899. He too is
struck with the alteration of the forest at successive altitudes, and he says
that in higher altitudes the number of tree species not only diminishes, but
that moreover near Kandang Badak the gigantic individuals are lacking.
(This is not quite correct, for Podocarpus imbricata is still represented in
very big examples a considerable way above Kandang Badak). The trees,
says GIESENHAGEN, are of lower stature and about equal in height, the
trunk frequently branching a short way up above the ground. This type of
growth is chiefly a consequence of the low temperature and of the wind.
A lack of moisture, he says, can certainly not be the cause, as even on
sunny days the tops of Gedeh and Pangrango are often wrapped in clouds.
Neither can the wind play a great part, as it does not blow any harder here
than at Tjibodas where gales are frequent. Owing to the density of the
forest the strength of the wind is moreover broken, and the mossflora is
developed to unexampled dimensions and density. (However, in the lower
areas very heavy moss-cushions are observed in the topmost branches of
tall trees where the wind can exercise its greatest force). He gives also a
description of the crater of Gedeh.

From August 1905 to August 1906 ERNST 2) sojourns in Java, and in
the course of those months he also stays on Pangrango-Gedeh. Several
plates of his “Vegetationsbilder”” are devoted to the vegetation of these
tops. He describes the crater depression on the top of Pangrango and the
aloon-aloon of Gedeh. ERNST points out that the vegetation of Pangrango
recalls the shrub on the European high mountains. He mentions the same
plants that have been found already by earlier explorers, and states that
the forest round the crater-valley is bordered by a narrow fringe of ferns,
Pteris incisa, Gleichenia vulcanica and Lomaria pycnophylla. The vegetation
of the middle part of this central depression consists of low Anaphalis
bushes, grasses, among which Isachne pangerangensis, and the Cyperacea :
Carex hypsophila. Many mosses are also present, such as the white-
haired Rhacomitrium lanuginosum, and Bryum leucophyllum, and Cerato-
don purpureum. He mentions further an iron grey lichen: Stereocaulon
graminosum and the wellknown Cladonia coccifera.

Among the trees in the out-skirts of the forest ERNST mentions Myrica
javanica, but this does not occur on Pangrango. The remarkably slow
shifting of the limit of the forest towards the centre of the crater-valley,

1) K. GIESENHAGEN, Auf Java und Sumatra. Leipzig, 1902, p. 80.
A. ErRNST, Die Besiedelung wvulkanischer Bodens auf Java und Sumatra, Vege-
tationsbilder, Serie VII, Tome 1—2, 1909, plates 1 to 3.

iy
-
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attributed by JUNGHUHN to the slow growth of the trees, can certainly not
be due to this circumstance alone, says ERNST. Neither can the barrenness
of the soil be the only cause. It is probably determined in the first place
by climatological factors. The temperature is very low and in the dry
season the plants are often covered by hoar-frost. The alternation of two
unfavourable conditions: the dryness of the air by day, which intensifies
transpiration, and the nocturnal radiation and cooling, is probably the cause
of the scarcity of plants in the crater-valley. In the aloon-aloon of Gedeh
similar conditions prevail,

His plate 1 shows part of the aforesaid aloon-aloon; plate [l gives a
picture of the central plateau on the top of Pangrango and in the photo
reproduced in plate 1II Primula imperialis and Ranunculus javanicus are
seen. The other plant with deeply incised leaves shown there is not
Ranunculus diffusus, but Sanicula europaea.

In the JUNGHUHN memorial volume!) KOORDERS and NIERMEIJER have
reproduced a number of photographs taken by JUNGHUHN, some of them on
his visit to the top of Pangrango on July 8th. 1861. Of interest to us are
photo no. 2 showing the crater-valley of Pangrango (here still erroneously
called Mandelawangi) with the luxuriant Anaphalis-vegetation; photo
no. 3 showing a big Vaccinium varingifolium on a bare plain (an individual
perfectly similar to the one pictured, perhaps the identical tree on which a
big Rapanea avenis is now growing epiphytically, grows at the fringe of
the central plateau, close to the rain-gauges) ; photo no. 4 is a picture of
the whole crater-valley, as it still is, with a great abundance of Anaphalis
in the foreground and in the background the Vaccinium forest ; foto no. 5
shows the edge of the forest with big Anaphalis-bushes against it ; photo
no. 6 shows us a few big Anaphalis-shrubs probably in the southern part
of the central plateau; photo no. 31 gives the view of the crater of Gedeh
taken from the top of Pangrango.

MiEHE 2) discusses briefly the composition of the vegetation in the Gedeh
aloon-aloon. He mentions Albizzia montana, Vaccinium varingifolium,
Gaultheria fragrantissima and Muyrica javanica as characteristic plants.
He points out that these plants are also of frequent occurrence in other
craters. He considers them as pioneers, and remarks that all these pioneers
are root symbionts. In such habitats ferns are less abundantly represented,
though one species: Pleopeltis [eei is common.

BACKER 3) has also visited the Pangrango top and says: “above 2400 m
atmospheric precipitation is scanty and evaporation is considerable, the soil
is therefore dry and brooks are very scarce’. He adds a description of the

1) JUNGHUHN-Gedenkboek, 1809—1909, s Gravenhage, 1910.

2) H. MIEHE, Javanische Studien. Abhandl. d. Math. Phys. Klasse der Koénigl. Sichs
Gesellsch. d. Wissenschaften, Vol. XXXII, 1911, p. 381.

3) C. A. BACKER, Sawah-planten. De Tropische Natuur, Vol. I1I, 1913, p. 83 and 115
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crater-valley, adducing it as a splendid example of a gradual transition of
a hygrophilous flora into a flora of the sclerophyllous type. (If by the
former is meant the forest or the herbaceous plants in it, and by the latter
the vegetation of the crater-valley, the transition is anything but gradual,
indeed quite abrupt. The vegetation of the crater-valley is moreover by
no means purely sclerophyllous).

In the publications hitherto reviewed hardly anything was said as to the
fauna. KONINGSBERGER 1) gives a survey of the fauna in the higher parts
of Java, and in the course of this the aloon-aloon of Gedeh is mentioned.
He says: "Reptiles and amphibia are no longer seen, though I am persu-
aded that the latter will still dwell in such an area as the aloon-aloon of
Gedeh, a wide semi-circular valley formed by the outer wall of the present
crater and a far wider almost equally high wall of older date. Across the
centre of this valley flows a clear brook which is the source of one of the
south-flowing rivers. Just, as along the watery ditches in Holland, butter-
cups (Ranunculus javanicus and Ranunculus diffusus), which involuntarily
call to our minds the suggestion of quacking frogs, (these however do not
live there), grow on its banks"'. He further mentions that ROEPKE found in
the highest part of the Gedeh top a species of Sciara. of which the females
possessed reduced wings. In the highest barren part of Gedeh KoONINGS-
BERGER captured a specimen of Vanessa cardui.

In his book on Java and Sumatra BLAAUW 2) devotes a chapter to his
excursion to the tops of Gedeh and Pangrango. In his introduction he says
that the low temperatures in these areas cause several species to die out
after a reduction to dwarf form. This is, in my opinion, not correct; | am
unable to give a single example of it, but rather ol the contrary: at the
highest limits reached by a species very big individuals are sometimes met
with, e.g. of Podocarpus imbricata and Disporum chinense. Robust indi-
viduals and dwarfs of the same species moreover are occasionally found in
fairly close proximity, for instance of Swertia javanica in the crater-valley
of Pangrango. The existence of these pygmy forms is more due to bad
conditions of nutrition (sensu amplio) than to a fall in temperature. His
views are in fact still largely under the influence of JUNGHUHN.

Next BrLAAUw proceeds to describe the neighbourhood of Kandang
Badak and the excursion to the tops of Gedeh and Pangrango. On the
latter the flora does not change so quickly as on the former, for the cone of
Pangrango is densely wooded to the very top. According to him straw-
berries planted by TEYSMANN are found growing along the path to the top,
but as a matter of fact this plant occurs exclusively on the top itself and

1) ]. C. KONINGSBERGER, Java Zoologisch en Biologisch. Buitenzorg, 1911—1915.
p. 617,

2) A. H. BLaauw, De Tropische Matuur in schetsen en kleuren. Amsterdam, 1913,
p. 58.
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not lower. Some good photos of the vegetation illustrate this chapter and
in addition two plates with reproductions from colour photos: plate 20, a
picture of Anaphalis javanica and of Vaccinium varingifolium, with its
bright red young leaves, and plate 21, a view of the crater-valley with
cloudcapped Mt. Salak in the distance.

CROISSET VAN UICHELEN 1) does not indeed give a description of the
vegetation, but his article contains some photos, a.o. one of the old hut of
Kandang Badak thatched with the straw of lalang reed-grass: On the
same photo the well-known swiss botanist C. SCHROTER may be seen. This
article is also accompanied by a good photo of the vegetation of the top of
Pangrango.

In the year 1919 Tjibodas was visited by Rock 2) chiefly for the pur-
pose of collecting seeds of forest trees which were to be used for the re-
afforestation of the deforested mountains of the Sandwich Islands. In the
course of an excursion to the top of Gedeh he makes several very fine
photos, of which reproductions are attached to his report. He describes the
trip to Kandang Badak and' further to the crater of Mt. Gedeh. On the
upper slopes of this mountain the moss growth thins out and the under-
wood grows scantier ; at first Podocarpus imbricata, Schima Noronhae and
a species of Quercus still occur, but the dominant tree is Vaecinium varingi-
folium and Albizzia montana enters upon the scene. The moss grows rarer,
the trees get thinner in trunk and more compact. On p. 94 is reproduced a
very good photo of the moss covered forest near Kandang Badak; how
this forest changes in higher regions is clearly demonstrated in the photos
on pp. 96 and 97. There are also photos of the crater, ot Albizzia montana,
and of Gahnia javanica.

In 1920 the pollination of Gentiana quadrifaria was briefly discussed by

myself 3 ).

KARNY 4) devoted most of his attention to animal life on the top ol
Pangrango. Insect life on this top is, in spite of the abundance of flowers,
very meagre; it makes an almost palaearctic impression. Of Lepidoptera
he only observed a small butterfly, Dodona adonira windu. The Hypericum
flowers are visited by genuine bumblebees and on the capitula of Anaphalis
javanica he sees many syrphus flies. Tree bugs and psyllids are also general,

1y C. E. CROISSET VAN UCHELEN, Een bestijging van den Gedeh. Indig, Vol. II,
1918—1919, p. 821.

2) ]. F. Rock, The forest of Mt. Gedeh. West Java. The Hawaiian Planters’ Record,
Vol. XXII, 1920, p. 67.

3) W. DOCTERS VAN LEEUWEN, Naar de top van de Singgalang bij Fort de Kock.
De Tropische Natuur, Vol. IX, 1920, p. 94.

4) H. H. KARNY, Zum Gipfel des Pangerango (West-Java). Natur, Vol. XIII, 1922
p. 297.
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SEIFRITZ 1) published a description of the altitudinal distribution of
plants on Mt. Gedeh. He divides the vegetation from Tjibodas upwards
into various subzones, beginning with the Rasamala subzone: 4600—5500
feet: then the Podocarpus subzone, 5500—7000 feet; next the herbaceous
subzone : 7000—8000 feet; subsequently the Vaccinium subzone: 8000—
9000 feet; and finally the Anaphalis subzone, 9400 feet. (This division is
very artificial and does not give an adequate idea of the real situation, but
only a more or less vague picture of the vegetation along the route
followed). A few good photos of the Vaccinium forest and of the moss
covered forest are appended ; see plate 17.

According to SEIFRITZ Vaccinium varingifolium is the most polymor-
phous species of this genus, existing as he says, as a shrub, a tree and a
liana, and being able to grow terrestrially and epiphytically. This is not so
and there has probably been a confusion between this species and Vacci-
nium laurifolium. Vaccinium varingifolium is rare as an epiphyte, and grows
never as a liana.

In an other article SEIFRITZ 2) deals with the altitudinal distribution of
lichens and mosses in the same mountain group. He divides the lichen
vegetation into two subzones, one situated at elevations of 4600 feet and
one at 9000 feet and he arrives at the conclusion that the two subzones
have not a single species in common. This is not quite true, since Stereo-
caulon graminosum which is common in the barren crater valleys occurs i.a.
also on the roof tiles of the buildings at Tjibodas. The subzones established
by him in his previous article nos. II and III between 5500 and 8000 feet
are poor in lichens. (These plants are however on the whole light-plants and
in the gardens at Tjibodas they grow therefore on treetrunks and bushes,
and in the forest in the treetops, where they are not at all rare. But owing to
their position high up in the trees they are not within easy reach. It is true,
however, that in the highest regions lichens occur which are not found at
lower altitudes.)

Passing on to the mosses he says that the visitor enters a moss zone at
some 5500 feet, and that these mosses are chiefly of the kinds that fringe
the lower branches of trees and shrubs like garlands. In the tree-tops in
this part of the forest on the other hand the mosses are of the cushion
forming kinds. Near Kandang Badak almost exclusively cushion forming
mosses are found. The difference in habit of various mosses at different
altitudes, SEIFRITZ thinks, may be attributed to the wind.

In 1925 DAMMERMAN 3) published a report of his researches on animals
living in the soil. He produces also lists of the soil creatures near Kandang

L) "u'l:’ SEIFRITZ, The altitudinal distribution of plants on Mt. Gedeh. Java Bull, of the

Torrey Botan. Club, Vol. L, 1923, p. 285.
2y  W. SEIFRITZ, The altitudinal distribution of Lichens and Mosses on Mt. Gedeh.

Java. Journal of Ecology, Vol. XII, 1924, p. 307.
3) K. W. DAMMERMAN, First contribution to a study of the tropical soil and surface

fauna. Treubia, Vol. VI, 1925, p. 135.
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Badak and on the Pangrango top. Crustacea, Coleoptera, Myriapoda and
especially Molluscs are at Kandang Badak very abundantly represented ;
ants are completely absent. The soil at the top of Pangrango is much poorer
in inmates. The main types present are Coleoptera, Heteroptera and Arach-
noidea. Molluscs were not found by him in the soil of the top.

Between 1924 and 1927 a series of articles on the biology of plants and
animals on the top of Pangrango were published by me1).

In his studies of the Patanas in Ceylon, STOMPS 2) compares these grass
lands with the alpine grass land on the top of Pangrango. He draws
attention to the similarity of the vegetation of this Javanese mountain with
that of the grassy plains in the higher parts of Ceylon; the latter he
regards as permanent. We shall refer to this study again in a subsequent

chapter.

SCHMUCKER 3) offered a discussion of the flora of the higher parts of
the mountains in Java, in which Pangrango is also mentioned but not dis-
cussed in detail. His views will be dealt with in an other chapter.

I published myself4) a small contribution to the knowledge of the distri-
bution of certain plants of the Gedeh and Pangrango tops through the
action of birds. The flora of the Pangrango top is in that paper briefly
discussed, and conclusions are reached with regard to the important share
which animals have in the distribution of these plants.

A study dealing with the crater plants, in which the plants of Pangrango
and Gedeh were also discussed in detail, appeared from the pen of VON
FAer5). The life of the plants is studied by him from a physiological-
ecological standpoint. I shall have to refer to this article again in the course
of the following chapters. Here I may confine myself therefore to the list
of plants given on p. 12. These plants occur according to him on the tops
of the two mountains and in the crater of Mt. Gedeh. Some of these plants
have never been observed there by me. Vaccinium lucidum is one of the
commonest epiphytes in the virgin forest above Tjibodas especially at about
1800 m, where it often grows in the thick moss cushions high up in the
trees. At Kandang Badak it is however already more or less rare and
neither in the crater of Gedeh nor on the Pangrango top did I ever observe

1) W. DoCTERS VAN LEEUWEN, Uit het leven van planten en dieren op de top van
de Pangrango. De Tropische Natuur, Vol. XIII, 1924, p. 97 and 152; Vol. XV, 1926,
p. 57 and 141; Vol. XVI, 1927, p. 111 and 185.

2) TH. J. SToMPS, Patanas, alpine Grasfluren auf Ceylon. Verdffentl. des Geobotan.
Institutes ROBEL in Ziirich, Tome 3, 1925, p. 259,

3) TH. SCHMUCKER, Beitriige zur Kenntnis der Hochgebirgsflora Javas und zur
Theorie des Pflanzenausbreitung. Beih. z. Botan. Centralbl., Vol. XLIII, 1926, p. 34.

4) W. M. DoCTERS VAN LEEUWEN, Kleiner Beitrag zur Kenntnis der endozoischen
Verbreitung einiger Hochgebirgspflanzen auf Java. Flora, Vol. 118 and 119, p. 81.

6) F.C. voN FABER, Die Kraterpflanzen Javas. Arbeiten aus der Treub-Laboratorium,
Batavia 1927,
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it. Ficus diversifolia, Symplocos spicata, Elaeocarpus acronodia and Elaeo-
carpus angustifolia were never found by me on the rubble heaps (Gerdll-
halden) in the crater of Gedeh. Pleopeltis feei does not occur on Pangrango:;
it grows however abundantly on the lava stream in the Gedeh crater. There
has probably been a confusion with another fern, presumably with Pleo-
peltis triquetrum, which it resembles in the sterile condition and which is
very common as an epiphyte and grows in the forest also on fallen trunks
and on large boulders; or possibly with Elaphoglossum angulatum, which
is also rather common in the forest, Pleopeltis feei in any case does not
occur on Pangrango.

Of various tree-species VON FABER states that they may also occur
epiphytically and this is doubtless true, especially of the younger stages,
but as they grow older the roots growing downwards along the trunk of
the host tree, reach the ground and the plants cease to be true epiphytes.
As many of the species occurring here are disseminated by birds their seeds
may easily land on trees. The seeds of Albizzia montana are probably
dispersed by the wind, but this is certainly not a species of tree that can
occur epiphytically in anything like large sizes. Rapanea avenis is listed by
VON FABER as non-epiphytic, but a very big individual grows on an ancient
Vaccinium varingifolium in the crater-valley of Pangrango, the roots of this
Rapanea however have already reached the ground.

SCHROTER 1) the well-known expert on the flora of the Alps, with whom
| had the pleasure of visiting Pangrango and Gedeh, briefly described a
few of the plant associations occurring on these mountains, The question
whether there exists on the tops of the Javanese mountains an alpine flora,
he answers in the negative.

A short survey of the fauna in the highest parts of Pangrango was
furnished by DAMMERMAN 2). He too notices that among the insects there
occur a number of forms usually found in more temperate regions, or at
least related to palaearctic species.

The flora of the tops of Gedeh-Pangrango was dealt with by me3) in
an excursion-guide for the Fourth Pacific Science Congress.

A short discussion of the crater flora, accompanied by a good photo
of the "Edelweiss"-vegetation in the Gedeh crater was published by
ResvoLL 4). The small trees visible in the background are however not
Vaccinium varingifolium but Albizzia montana.

1) C. SCHROTER, Exkursionen in Ost-]Java. Beibl. No. 15 zur Viertel-jahrschrift der
MNaturf, Gesellsch. in Ziirich, Vol. LXXIIL, 1928, p. 591.

2) K. W. DAMMERMAN, Tijibodas, Zoology. Excursion-quide of the Fourth Pacific
Sclence Congress, 1929, p. 17.

3)  W. M. DOCTERS VAN LEEUWEN, Tjibodas, Botany. Excursion-quide of the Fourth
Pacific Science Congress, 1929, p. 10.

') THECLA R. RESvOLL, Kratervegetasjion pa Java. Naturen, 1929, p. 321.




CHAPTER IL

TOPOGRAPHICAL DESCRIPTION.

Mt. Pangrango and Mt. Gedeh together form a twin-volcano of large
dimensions. Viewed from the South it displays the full magnitude of its
bulk, vide plate I, and fig. 1 which is borrowed from TAVERNE's 1) book.
One recognizes at once that this mountaincomplex must be reckoned among
the polyconids as it shows at the top several separate cones. The summit

Fig. 1. The Gedeh-Pangrango, seen from the South.

of Pangrango rises to 3022 m and forms the western peak, whilst Gedeh,
which rears its highest top at 2962 m above sea-level, extends its mass in
an easterly direction. By a col known as Pasir Halang, on which the
bungalow Kandang Badak stands, the two mountains are connected with
each other, and from this point roads ascend to the top of Pangrango, the
crater of Gedeh and to the peak of the same mountain. By its height and
its perfect conical shape Mt. Pangrango dominates the whole mountain
group, plate III, and its peak affords a wide panorama of the separate
masses of the neighbouring volcanos and of the surrounding plains. On
days when visibility is good the sea can be perceived to the North, West
and South, together with several of the lofty mountain tops of West-Java.
To the westward are seen Mt. Salak, plate V, and Mt. Karang, sometimes
even the tops of mountains in South Sumatra; to the East the volcanos of
the Preanger Regencies: Mts. Burangrang, Tangkuban Prahu, Tjikorai
and the surrounding mountains, and in a somewhat more northerly direction
Tjiremai and Slamat; the latter is situated in Central Java and rises to
3400 m. Pangrango is completely extinct, but only slightly attacked by

1) N. J. M. TAVERNE, Vulkaanstudies op Java. Vulkanologische Mededeelingen No. 7,
Den Haag, 1926, p. 86.
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erosion; according to TAVERNE therefore the cone may be considered
comparatively young. This cone is situated in a wide basin enclosed by a
horseshoe wall, the inner side of which is very steep whilst the outer side
slopes more gently towards the plain. This wall is usually called Mandala-
wangi. In JUNGHUHN's description this name is applied to the cone, but the
latter is generally known as Pangrango, also among the natives living on
the mountain,

The top of this mountain has been the scene of most of the researchwork
described in the present volume. The top is not flat, but consists of aridge in
the shape of the horseshoe which surrounds a shallow depression, the break
being towards the West. The highest point in this ridge reaches 3022 m,
the two ends of the horseshoe are at about 3013, so that the whole wall is
practically horizontal. The depression is probably the site of the extinct
crater and is called in this book the “crater valley” of Pangrango: it is
JuNGHUHN's ,.Centralgrund”. It forms a plateau which slopes slightly from
the North-East to the South West. The slopes of the surrounding crater
wall are more abrupt only to the North. As mentioned before this wall is
lacking towards the West, where it has been broken through. According
to TAVERNE this part has not succumbed exclusively to erosion; a fissure in
the crater bottom followed by a sudden subsidence of a part of the crater
wall was probably the starting point.

In the North-East part of the crater valley rises a small brook fed by
the rain falling on the inner slopes of the wall; little sources are seen
bubbling up from the ground especially in the rainy season. This brook is
called Tji-Kuripan (also sometimes Tjiheulang) and flows to the South
West growing more and more powerful and forming here and there pools
in which Rhinocerosses used to bathe; then at the edge of the plateau it
dips into a narrow precipitous chasm and descends by a series of cascades
towards the base of the mountain. In the west-monsoon this brook is
swollen with water, but in the dry season it contains far less and sometimes
it runs altogether dry, to flow again after a few days' rain. The crater
valley lies at some 30 to 50 m below the enclosing wall. The vicinity of the
brook possesses little vegetation, plate VIII, the surrounding slopes have
more. A description of the vegetation will be given in chapter IV.

T 1‘,* -T_l"'i!

The top of Gedeh is not so simple in construction, owing to the fact that
the eruption point has in course of time moved from South to North. To
the South and East runs the sickle-shaped enclosing wall of the old crater,
the so-called aloon-aloon. This encircling wall, called Gunung Gemuruh, of
which only a part now remains, is fairly level, its highest point is 2927 m.
The aloon-aloon, plate XXV, is a crescent-shaped terrace, some 4 km long
and gently sloping from East to West. In the East part rises a brook, the
Tji-Gunung, which flows towards the West, and contains far more water

than the brook in the crater-valley of Pangrango; in the east-monsoon,
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however, it mostly runs dry, This ancient crater, according to TAVERNE,
had a diameter of 2 km.

On the North side of the old crater a new cone has emerged, but this
one also is no longer intact, because a third crater has arisen in the North
West. Great parts of these two craters have been broken up and submerged
under lava. The enclosing wall of the second crater has remained intact to
the South, South-West and South-East as an abrupt crescentshaped wall,
plate XXII, reaching its highest point at 2962 m. The inner side of this
wall is precipitous and about 300 m high, exposing layers of trachyte, On
the outer side the wall slopes down gently for about 200 m into the aloon-
aloon. To the North East a fragment of this crater wall, 2709 m high, is
still standing; it is called Gunung Sela or Gunung Rumpang. lts top
affords a fine view of the whole mountain group.

Within this crater against the southern enclosing wall, two smaller
craters have been formed. The more westerly one, the Kawah Ratu has a
diameter of 250 m and a depth of 200 m. To the East of this lies the
smaller Kawah Lanang which is oval with diameters of 200 to 125 m, and
is far shallower. This latter crater is quite extinct, and its bottom is clothed
with dense vegetation; the Kawah Ratu on the other hand shows some
activity : a few solfataras are smoking from the depths and near the border.
At some earlier period the Kawah Lanang was powerfully active, and two
lava-streams have issued from it; the more westerly one can be followed
more than 2 km downwards; the hot springs on the way from Tjibodas to
Kandang Badak rise from underneath., The second lava-stream, the
easterly one, runs along the foot of Gunung Sela, and consists like the
other one of big blocks,

On the northern brink of the second crater there exists a third eruption
point, the youngest and at present the most active part of Gedeh, the so-
called Kawah Wadon, plate IV. This eruption point is situated in an
erosion gully, drained by the Tji-sadt (= dry river). Its bed is filled with
boulders and is usually dry, except during heavy rains, when the water
thunders down over the stones. The walls at the top of the vent, where
volcanic activity is still visible, are very steep and gorgeously coloured
through weathering and by sulphurous deposits. Big clouds of steam mixed
with SO, and H, S gases are belched forth from the solfataras.

The third crater is difficult to find, as it is largely buried under materials
discharged during the eruptions of the more recent craters. A part ol it is
still level and is cut across by a few steepbanked dry gullies. It is clothed
with a thick vegetation of Anaphalis javanica, surrounded by the usual
alpinoid bush and is called aloon-aloon ketjil 1).

The above description has been derived for the greater part from the
work of TAVERNE previously cited. The history of the eruption was fully
described by JUNGHUHN 2) ; the shape of this mountain probably underwent

1) ketjil = small
2) FR. JUNGHUHN, Java, 2nd. edition, Vol. II, 1854, p. 31.
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its greatest alterations in the course of the violent eruptions of 1747 and
1748. How the situation was before that time is unknown. The later
eruptions have been less momentous, though the vegetation suffered greatly
in parts. As late as TEYSMANN's visit in 1840 and later still the bungalow
at Kandang Badak was repeatedly ruined by rocks ejected from the crater,
and the vegetation in this part of the mountain was several times severely
damaged.

A stretch extending from the higher end of the acclimatisation gardens of
T'jibodas to the tops of Pangrango and Gedeh has been set apart by the
Government of the Netherlands East Indies as a nature reserve. It com-
prises an area of some 1200 ha (some 3000 acres) under the administration
of the Director of the Government Botanic Gardens. It is reserved entirely
for research. Paths run across the forest in all directions. One of the main
paths leads from the mountain garden along the western ridge from the
Tjibodas ravine upwards and abuts on the steep northern face of Gunung
Sela. This track is known as the path to “"Huis ten Bosch” (the “Forest
Lodge'’) so called from an old hunting lodge of that name, now no longer
in existence. The path is on the whole very steep; one part, however, is
more on less horizontal and there it branches into a number of secondary
paths, along which numerous labelled and numbered trees!) are found.
These grounds are rarely visited and are consequently among the wildest
parts of the reserve. Outside the paths everything is a dense tangle, difficult
to penetrate,

The other main path leads upwards through the morass of Tjibeureum.
A little above this marsh at the right a side path branches off to the three
waterfalls of the Tjikundul, commonly called Tjibeureum. Proceeding
further along the main path one comes at about 2150 m altitude to a place
called Tjipanas from the hot springs (temperature =+ 50° C) issuing from
under the old lava stream mentioned above and plunging down the precipice.
Big clouds of steam rise up from the hot water, and fill the gorge, especially
on rainy days. From there the path ascends steeply along the cascades,
towards the mountain-bungalow at Kandang Badak. The bungalow is
intended for tourists who visit this mountain in large numbers.

For naturalists a second bungalow has been built, situated in the forest a
little more to the East, with a view of Gunung Sela and Kawah Wadon.
This lodge is named Lebak-Sait, plate XXVI. A. Both lodges are situated
at about 2400 m altitude. The Lebak-Sadt lodge contains a sitting room,
two cubicles for two persons each, a small laboratory and a dark room.

From Kandang Badak a path formerly laid out by TEYSMANN leads to
the top of Mt. Pangrango. From the crater valley on the top the moun-
taineer can descend by a path in a westerly direction to the Pasir Datar

— e

1} S. H. KOORDERS, Flora von Tjibodas. Batavia, 1918, p. 20.
M. L. A, BRUGGEMAN, The numbered trees, shrubs and lianas in the forest of
Mt. Gedé near Tjibodas, West-Java. Bull. d. jard. bot. de Buitenzorg, Série III, Vol. IX,
1927, p. 196.
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estate and by a northerly one to the Gunung Mas estate. A second path
goes from Kandang Badak to the top of Mt. Gedeh, with a side track
leading to the crater fields of that mountain. By way of the summit of
(Gedeh we can descend to the aloon-aloon and from there we can walk on
past Gunung Gemuruh and through the Perbuwati estate to Sukabumi. The
path from Gunung Gemuruh crosses a footpath which ends again in the
aloon-aloon. From this end of the crater terrace a footpath goes in the

direction of Tjiandjur., Further paths in this neighbourhood will be
mentioned in chapter V.




CHAPTER III.

CLIMATE.

QOur knowledge of the climate of these higher regions rested until recently
on observations of scientists who had usually visited the mountain tops for
a short time only, and was consequently rather fragmentary. In the last few
decennia however a systematic study of the weather conditions on volcano
tops has been made by the staff of the Meteorological Observatory at
Batavia. On the tops of several mountains, in Java as well as in Sumatra,
instruments that are examined at regular intervals as well as self-registering
apparatus have been put up. In this way the daily course of temperature,
humidity, rainfall and sunshine is recorded. These data have been
elaborated by C. BrRAAK 1) in his book on the climate of the Dutch East
Indies, which devotes in the second volume a special chapter to the climate
of Pangrango.

However important these observations may be as a source of information
with regard to the climate, they are insufficient for the purpose of the
ecologist. VON FABER 2) has therefore carried out additional observations,
which give us a better insight into the circumstances under which the plants
live. VON FABER has found among other things that the humidity close to
the soil and among bushes is quite different from that of the free air, so
that in the shade of these bushes plants may grow which will otherwise
thrive only in a comparatively moist environment and which accordingly
do not occur in the open patches or are far less well developed there. For
the subject treated in this book the study of the climate on an ecological
basis has only a subsidiary importance ; as the ecology of the crater plants
has been fully dealt with in voN FABER's study, the reader may be referred
to that work.

A general knowledge of the climate is however of great importance for
the study of the relations between plant life and animal life, since the
behaviour and especially the flight of the insects, which play a part in
pollination, is strongly influenced by the condition of the atmosphere.
Therefore it is necessary to gain an insight into the climate at the top of
Mt. Pangrango.

The first data relative to the climate of Pangrango were supplied by
JUNGHUHN 3) in his “Reisen” which embodies a meteorological journal. The

1} C. BRAAK, Het klimaat van Nederlandsch Indié. Vol. 11, Weltevreden, 1929, p. 207.

2) F. C. vON FABER, Die Kraterpflanzen Javas. Arbeiten aus dem Treub-Laboratorium,
No. I, 1927, p. 14.

3)  FRrR. JUNGHUHN, Topographische und Naturwissenschaftliche Reisen auf Java.
Magdeburg, 1845, p. 435.
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data collected on the top of Pangrango have moreover been elaborated in
the general climatological sketch in his book , Java”, where it is found as
an appendix to his discussion of the fourth plant zone. JUNGHUHN in his
“Reisen’ relates that when staying on the top of Pangrango on July 28th.
1839 (it was the middle of the dry season) he met there with warm and
still weather. In the morning of July 29th. hoar frost was noted. Not till the
afternoon did mists begin to brush over the top; these subsided towards
the evening and the clouds were massed like towers in the depth below.
Next morning, the 30th., the thermometer stood at 3° Fahrenheit below
freezing point and all the plants in the crater valley were covered with hoar
frost. Down below lay a billowy sea of clouds. Towards eleven o'clock,
without any noticeable stir of wind, mist veils were whirling rapidly
through the crater-valley. The next night too a good deal of hoar [rost
appeared, but in the early morning of July 31st. the thermometer marked
38° Fahrenheit.

On November 10th. and 11th., that is in the rainy season of the same
year, a strong and steady easterly wind was blowing. The weather was
variable and mist veils swept continually over the top.

The climate of the fourth zone was described in detail by JUNGHUHN in
his work “Java’’. Above the wreath of clouds the atmosphere becomes
rapidly drier both relatively and absolutely. The maximum diurnal tempe-
rature on the tops of the mountains is reached later than in the plains
because the tops are, according to JUNGHUHN, seldom covered by clouds, so
that the increase in temperature is not impeded. The maximum temperature
is usually reached towards 3 o'clock, after which a rapid decrease sets in.
Higher on the mountains it rains but seldom; in the dry months no rain
ever falls in this zone and at othertimes only while westerly winds prevail,
and even then it are only misty-drizzles. The nights, moreover, are always
dry. At this altitude the South East trade-wind blows constantly, but
during the night the wind abates or dies down. On the highest tops, such
as those of Slamat, Ardjuno and Semeru, JUNGHUHN never observed
westerly winds, and on the top of Pangrango a few times only in the
month of January., But as a rule this West-wind only blows for a day or
half a day, and it may be weeks and even months before it rises once more.
For weeks at a stretch he camped on the top of Pangrango in the months
of January, April and November, and every time gentle easterly winds
prevailed. Only once in April 1839 the East and North winds rose for half
a day to the force of a gale; they were accompanied by mist and drizzles.
In the course of an hour the wind veered through all the points of the
compass. A rapid alternation of extreme drought and humidity is charac-
teristic for this zone. The above holds good for the months of the dry
monsoon ; in the so-called rainy season it sometimes happens that the tops
are wrapped in clouds, sometimes for as much as two days at a stretch.

In his “‘Contributions to the History of the Volcanos in the Dutch East
Indies” JUNGHUHN again discusses the climate of the mountain tops. His




30 BIOLOGY OF PLANTS AND ANIMALS

statements were subjected to sharp criticism by TEYSMANN, see page 9.
According to the latter JUNGHUHN's notion that the clouds do not rise
higher than 3000 to 4000’ up against the mountains, is incorrect, for as
seen from Buitenzorg the summits are mostly wrapped in clouds. For days
and sometimes even weeks at a stretch the mountains will be wreathed in
clouds, hanging about the tops. TEYSMANN also states that the mountain
tops are not at all drier than the lower regions in Java.

JUNGHUHN replies circumstantially and pointedly to TEYSMANN's criticism
and maintains that the atmosphere above 6000 is decidedly drier than
below that level.

JUNGHUHN's statement that it seldom rains on the tops of the loftiest
volcanos and even then only in the form of misty drizzles has been
generally accepted, and his belief that the atmosphere there may be called
dry, has become lirmly rooted in botanical literature. SCHIMPER 1) uses this
idea in his discussion of the alpine vegetation of tropical countries; he is
of opinion that the plants in these regions have a xerophytic structure and
that this structure may be accounted for as an adaptation to the dry climate
of the tops. (HOLTERMANN 2) already doubted whether the plants of the
craters really show a xerophytic structure, and VON FABER 2) points out
that the Ericaceae, which constitute the main components of the crater
vegetation, are by no means extremely xerophytic in type. Of the other
plants growing in these localities some are mesophytic, others hygrophytic ;
their evaporation is very considerable).

SCHMUCKER 4) also discusses the climate and comes to the same con-
clusions as SCHIMPER. He says that the topzone of the volcanos is situated
abov® the moist mountainzone and above the cloud belt which ceases at
about 2500 m. According to SCHMUCKER the rainfall on the top of
Pangrango is 2000 mm a year. (In reality the amount of rain falling on
this mountain is far greater, in some years twice as much, the average rain-
fall for 19 years being 3258 mm). One tenth of the total quantity of rain,
about 150 mm falls between early February and October, in 9 months
therefore, so that the tops in West Java too show a pronounced dry season.
In East Java this drought is still more pronounced and the climate must be
termed arid. According to SCHMUCKER an even and cool climate prevails
equably throughout the year, a few months only showing a moist climate ;
otherwise the climate is dry and in East Java even very dry.

The meteorological observations carried on for the last 20 years and my
own observations during my frequent sojourns on the top of Mt. Pangrango

1) A. F. W. SCHIMPER, Pflanzengeographie auf physiologischer Grundlage. Second
edition, Jena, 1908, p. 16.

2) C. HOLTERMANN, Der Einfluss des Klimas auf den Bau der Pflanzengewebe. Leip-
zig, 1907, p. 75.

3) F. C. vON FABER, loc. cit,, p. 92,

4)  TH, SCHMUCKER, Beitriage zur Kenntnis der Hochgebirgsflora Javas. Beih. z. botan,
Centralblatt, Vol. XLIII, 1926,
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and on other volcanos show that belief in the dryness of the fourth zone
is untenable, and that explanations of the peculiar organisation of the
plants on the high tops based on this belief should be put aside. The
precipitation on the Pangrango top is very considerable though varying
much from year to year. In the extremely dry year 1913 only 1979 mm of
rain fell, in 1916 and 1917 on the other hand more than 4000 mm. The
average annual raintall for 19 years is 3258 mm. Even in the so-called dry
months a good deal of rain often falls. In the dry year 1914 the rainfall in
the months of July, August and September was respectively 1 mm, 10 mm
and 2 mm; in 1923 the figures were 364 mm, 2 mm and 94 mm, and in
1921 even 147, 118 and 191 mm ! The average rainfall for July is 75 mm,
with an average ol 14 rainy days. The month with the maximum rainfall is
not November as stated by SCHMUCKER, but February, which shows an
average rainfall of 474 mm, followed by January and December with 450
and 440 mm respectively, whilst November has an average rainfall of
365 mm.

SCHROTER 1) also briefly discusses the climate of the highest mountain
tops in Java.

A brief sketch of the climate on the top of Pangrango has already been
published elsewhere by me2) ; I repeat it here somewhat elaborated and
supplemented with the data of BRAAK and von FABER.

Climatic conditions in the tropical plains of Java, apart from the dif-
ferences between the dry and the rainy monsoons, are more or less equable
and therefore monotonous. "In the Indies one lacks’’, writes BRAAK 3) ""the
surprises, not always agreeable may be, otfered by the changeable climate
of the temperate regions”’. The temperature fluctuates comparatively little
about the average, the rains return with regularity and the movements of
the atmosphere may on the whole be called very quiet. How diflerent it is
on the top of Mt. Pangrango and in fact also on the summits of the other
lofty Javanese volcanos! This conclusion can be drawn already from the
results recorded by meteorological instruments, but the varying atmospheric
conditions are also felt strongly and directly by our self. Owing to the
transparence of the atmosphere and also to the reflection from the huge
masses of white clouds, radiation on these tops is far more intense than in
the plain, and consequently the difference between sunny periods and
periods, when the sunlight is intercepted by clouds, is very marked. There
is also a wide difference between the condition of the atmosphere in the
forest and in the open tracts; the blazing glare that beats on the bare tops
of Mt. Slamat and Mt. Semeru in the dry season can become almost

1) C. SCHROTER, Exkursionen in Ost-Java, Beiblatt No. 15 zum Vierteljahrschrift des
Naturforsch. Gesellsch. in Ziirich, Bd. LXXIII, 1928, p. 586.

2) W. DOCTERS VAN LEEUWEN, Uit het leven van planten en dieren op den top
van de Pangrango. II. Het klimaat. De Tropische Natuur, Vol. XIII, 1924, p. 152.

“)  C. BRAAK, Het Klimaat van Nederlandsch Indié, Vol. I, Batavia, 1927, p. 53.
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unbearable, especially when the humidity of the air is very low. On such
days it is even possible that the wall of the bungalow exposed to the sun
becomes quite hot whilst the opposite wall is quite cold : contrasts which
are also quickly felt by our self.

Especially in the West monsoon when the atmosphere is still and the sun
is shining it can be ineffably delightful on the mountain heights. The hues
of the flowers and of the young verdure, the freshness of the air, the busy
life of insects and of birds, the bracing temperature, the wide panorama
from the Pangrango top, which extends beyond the coasts of the western
part of Java, all these give impressions vainly to be sought for elsewhere
in the tropics.

When the sun sets the temperature falls rapidly; the cooling is keenly
felt and the beholder of the gorgeous display of colours thrown by the
setting sun on the low-lying clouds shivers in spell-bound rapture.

Turning over the leaves of my diary I find however that the records of
such splendid days are few and far between. There have indeed been many
mornings with more or less of sunshine, but often the clouds came rolling
up soon and palled everything in grey mist, and I remember many days
when the mists were already at daybreak hanging round the tops and
stayed for days together. Such days are somber and chill; no sounds are
heard : insects hardly fly and the birds are silent; only the ever busy
bumble-bee remains on the wing and visits noiselessly flower after tlower.

The movement of the air is on the mountain tops on the whole less than
in lower-lying regions; the winds rising along the flanks of the volcanos
are by their own speed carried along past the tops. Consequently the force
of the winds on the highest part of the Pangrango top is less than in the
crater-valley a little lower down. Through the gap in the crater wall the
winds enter the valley, blow through the length of it and pass out on the
other side. JUNGHUHN's opinion that at night the winds on the tops usually
subside is incorrect. On the contrary the wind will often increase a good
deal after sunset, to abate or cease again in the morning. Many a night |
have spent in the crater-valley with a high wind blustering round the hut.
As to the velocity of the wind not many data are available, but according
to BRAAK a strength 5 in Beaufort's scale may be considered exceptional.
Air movements exercise a marked influence on plants, because they
promote evaporation. There is little evidence, however, of a direct influence
of these comparatively light winds on the growth and development of
plants.

On very sparsely wooded ridges of other mountains where strong winds
regularly blow this may sometimes be different. SCHROTER 1) for instance
describes characteristic wind-forms of Vaccinium varingifolium from Mt.
Ardjuno-Weliran in East-Java and gives an illustration of a wind-stunted
bush. This individual has a trunk which is remarkably thick in proportion

1) C. SCHROTER, loc. cit., p. 584, fig. 7.
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to the height ol the plant and is pressed against the ground ; the branches
are horizontal. In the trunk of one of the specimens examined 25 annual
rings were counted '), Such examples do not occur on Pangrango, not
even in the crater-valley. The Anaphalis bushes which grow there in large
numbers are all erect and branched in every direction; nor do the other
plants show the influence of the wind.

Among the sublimest phenomena one can witness from the mountain tops
is the cloud-sea covering the plain at early dawn. During the night the
clouds have subsided into a white mass with a level upper surtace: the
atmosphere, especially if it has been raining, is then of a remarkable
transparency, and allows the wonderstruck spectator to perceive in the far
distance mountain tops rising above the white cloud lake. But hardly has
the sun risen above the horizon when the clouds get hazier; and they
begin to roll up along the flanks of the mountains, eventually vanishing
and dissolving wholly or in part, see plate IV.

In the driest months of the year the tops are above the cloud belt; in the

wet season, however, thev are not. In the West monsoon the whole

Average monthly number of periods of 10093 humidity of

various length and average number of days per month.

1912—-1918
Length ; |
p{“:‘::ids Jan | Febr. | March| April | May | June July | Aug. | Sept. | Oct. | Nov. | Dec.
in days |
! /3—] 29| 2.4 | 2.4 | 26 | 1.4 | 1.4:| 1.O0| 0.9 | 1:6.| 3.1 | 2.6/ | 3.
1—-2 | .4 0.9 1.6 0.1 0.4 0.1 0.4 0.3 1.3 0.7 1.
2—3 1.9 0.4 0.3 | 0.3 0.3 1
3 —4 0.3 0.3 0.1 0.1 0.4
45 | 0.4 0.4 0.1 | 0.1
5—6 — 0.3 — - 0.1 0
6—7 0.1 0.3 0.3 : : i 0.
7—8 0.1 0.1 | — | | B
8—9 0.1 : 0.1
910 0.1 |
1718 | 0.1 | |
Number | 12 ¢ | 71 (1090 | 44| 17|13 14| 1.9/ 1.6 | 43| 4.9 [10.8
ol days |

1Y Prof. BREMEKAMP told me that these plants on Mt. Weliran grow only in the
neighbourhood of the sofataras and that their growth is intluenced considerably by the
acid sulphurous vapours.

Verhandel. Afd. Natuurkunde (Tweede Sectie) DIl XA X]. 3
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mountain is often not long after sunrise whelmed in clouds; usually,
however, the latter are formed at a lower altitude. The tops are in that
season often swathed in clouds for days together, see plate II. The
relative humidity may also keep for days at a stretch at 100 %0, i.e. at
complete saturation, so that the hygrograph traces a perfectly horizontal
line; see a.o. diagram 4 on p. 28 in VON FABER's book. The table on page 33
shows the frequency of this condition on the top of Pangrango in the years
1912—1918. The figures give the length of the periods of 100 % humidity
in days. Such periods may occur even in the height of the East monsoon.

Such day-long foggy periods only occur when the wind drives the clouds
up towards the mountain tops; on calm days the mists dissolve during the
night and the early hours of the morning are bright.

The solarimeter on Mt. Pangrango records at what moments the top
was wrapped in clouds. Below is given a table showing how often on the
average per month the sun did not shine for some days at a stretch. The
next table shows on the other hand the number of days when the sun shone
uninterruptedly from morning till night. A comparison of the first one of
these two tables with the previous one will bring out the fact that the
number of sunless days is less than that of days of 100 % humidity, which
means that the sun may for a short time break through without causing
a decrease in humidity.

If. as we have seen, the mountain tops are in the rainy season often
wrapped in mist for days at a stretch, this is seldom so in the dry season:
the fluctuations in humidity in that season are usually very great. When
the clouds remain below the tops., the latter may be very dry, so for
instance in the night of Sept. 20th. to 21st. and from 22nd. to 23rd. in 1915.

Number of sunless periods of various length per month.

1918 —1925.
Length
pE:E’}dﬁl Jan. | Febr. |March| April | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec.
in days | | I

t 15|15l 13)]10)3.2]1.2]|04]o0.1 EI}I-H 1.8 | 1.

2 |05 |09 |04|04| — |o0.1 | 0401 — (04| — | 0.3

3 0.3 | 0.1 : 0.3 — = | ‘ | 0.3 ‘ .

4 [0.4]03 | — - | = - | = oo

5 | 0.1 | 0.1 | 0.1 ‘ = == ‘ - ‘ S | - ‘ — .

6 | 0.1 0.1 ‘ RS M ‘ . (A (e . =

11 | 0.1 ! | | - 1 - e allhe: | =
‘Hum_ht*r' 611! 7.4 | 3.4 | 1.8 1.3 | 15| 1.1 | 0.4 | 0.1 | 2.5 | 2.3 | 29
of dm,*s| - | | ‘ | |
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Number of periods of various length with 1009/, sunshine per month.

N

1918 — 1925,
Length | |
pf:::idﬁ Jan. | Febr. | March April | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec.
in days i
|
1 - ‘ 0.1 | 1.0 0.5 1.6 }.0 | 0.9 | 0.9 | 0.4 0.1
2 - — \ — | 0.1 [01]|06]|05)|03(| — (.0.1]0.3
3 | — [ 0.1 |04 0401 0.
4 - = — 0.1
5 — — 0.1 — —
Number F :
- 0.1 1.6 1.9 4.6 2.9 ].8 | 0.9 | 0.6 | 0.6
of days

When, however, the clouds rise a few hundred meters higher so as to
envelop the top in fogs, the humidity rises again to 100 %, as it happened
in the night from Sept. 21st. to 22nd. This rapid fluctuation in humidity is
visible in the diagram reproduced in figure 2, which was registered between
Sept. 20th. and 23rd. of the year 1913, that is to say in the dry season.

o 4]
| |

{
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40

|

|
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Relative humidity of the top of Mt. Pangrango.

Fig. 2.

The results of the hygrograph communicated above afford an insight
into the degree of cloudiness and the degree of atmospheric humidity
prevailing on the Pangrango-top. The records of the solarimeter teach us
how much sunshine falls upon this top and how this is spread over the
years and months. The sunshine is expressed in percentages of complete
sunshine ; as a standard for the latter the amount of sunshine descending
per half hour from a cloudless sky during the period from 8 a.m. to 4 p.m.

has been taken : this value is represented by 100, and the amounts of sun-
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shine actually received are expressed in percentages of this norm. Below
follows a table of the results of sunshine observations for the years 1917

1925. This shows clearly the annual course: the average percentage is
in July more than four times as high as in February.

Half-hourly amounts of sunshine expressed in percentages of complete sunshine.

| | | o
March| April | May | June | July !hug. Sept. | Oct. | Nov. | Dec. | Year

1917 —1925 Jan. | Febr.

I | , |
8.00— 8.30 3] 22 41 46 53 50 68 69 66 55 42 28 48

8.30— 9,00 | 35 ‘ 20 43 49 61 62 76 71 /0 55 | 46 29 51

9, 00— 9.30| 34 20 41 51 62 66 78 72 69 54 | 49 31 52
9.30—10.00 | 32 : 21 37 | 48 64 68 81 71 71 55 | 48 32 52
10.00—-10.30 | 32 18 36 43 67 69 81 70 70 | 53 45 35 52

10.30—11.00 32 18 34 40 | 68 68 80 69 68 51 | 43 33 50
11.00—-11.30 33 19 32 39 66 68 /9 6/ 66 | 50 | 45 32 50
11.30—12.00 32 17 33 36 64 68 | 74 61 64 48 42 28 47
12.00— 0.30 3l 21 30 30 53 60 70 oY o4 42 38 28 43

0.30— 1.00 31 17 27 26 48 ol | 70 57 51 38 35 20 40

1.00— 1.30 | 28 16 | 23 24 | 45 | 49 | 65 | 53 | 44 | 36 | 34 23 || 37

1.30— 2.00 | 24 12: | 19 | 2} 41 46 63 48 | 4l 32 29 18 33
2.00— 2.30 17 11 17 20 39 42 57 46 37 30 23 I35 30

2.30— 3.00 12 8 15 19 38 40 55 %3 | 35 27 21 13 27

|
|
3.00— 3.30| 9 ‘ 5 | 14 15 37 38 56 44 6 | 24 14 10 25

3.30— 4,00 7 4 11 12 32 34 51 42 35 21 10 7 22
) | | = ! | ]
Average | 26 | 16 ‘ 28 32 ‘ 52 55 | 69 59 55 42 | 35 14 41

Monthly and annual averages of sunshine, expressed in percentages.

1918 7 s | 35 | 3 : 49 i 3 | 72 | 54 | 64 | 49 38 | %2 | 43
1919 31 | 28 | 44 | 40 | 23 | 53| 86 | 49 | 59| 52|15 | 27 | 42
1920 18 | - _ | 24 | 73 | 59 | 84 | 33 | 33 | 24 | 39 | 31 | (42
1921 34 | 10| 19| 17 | 70| 53| 52| 62| 56| 42| 4| — | 42
1922 25 | 12 | 13 | 35 | #1 | 41 | 66 | 52 | 52 | 43 | 3¢ | 1 | 35
1923 31 | 27 | 37 | 46 | 52 | 35 | 36 | 83 | 59 | 56 | 52 | 14 | M
1924 s | 19| 23 | 25 | 39 | 55 | 76 | 68 | s8 | 18 | 21 | 28 || 40
1925 20 | 6 | 28 |34 [ 72| 71 |81 | 69| 56| 49| 4 a7 | 47
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This course is still clearer when the monthly averages are represented

in a diagram as in figure 3.

| i 1 AY v Vi Vil Vil B A Al Xl

Fig. 3. Monthly averages of sunshine on the top of Mt Pangrango,

These contrasts between overcast and sunshiny skies affect our body
strongly, animals, especially insects are also very sensitive to these fluctu-
ations. On days when there is a frequent alternation of bright and cloudy
periods the insects are markedly inactive.

The average temperature on the top of Mt. Pangrango is 9° C., but there
are wide fluctuations in the daily course. The soil-temperature at 30 and
60 c¢cm depth corresponds with the average air temperature, at least in the
forest. In an open patch of grass, however, the average temperature was
12¢ C., or 3° higher.

VON FABER 1) points out that the crater-plants are but superficially rooting
and that to them the temperature at smaller depths is of more importance.
In several places, however, the roots penetrate to rather considerable
depths, and the ditterence between the temperatures at 10—15 ¢m and at

1) F. C. vON FABER, loc. cit., p. 24,
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30 cm is very slight. VoN FABER measured temperatures 2 cm below the
surface, and he found that on an exposed sun-beaten soil the difference
between the soil and the atmospheric temperatures may be as high as
13° C. But in such localities hardly any plants grow ; only such plants as
Gentiana quadrifaria and Thelymitra javanica which give practically no
shade profit from this heating of the soil. It is moreover by no means
certain that this is an unqualified advantage, for the specimens growing in
such exposed places are usually far smaller than the plants which are even
slightly shaded ; though this is of course like the absence of shading plants
also bound up with the scant amount of nutrients contained in such soils.
As soon as the plants themselves provide shade and especially where they
grow in clumps, the ground temperature in sunny weather is considerably
lower, and for the forest plants the surplus ground temperature is of no
significance at all1).

The atmospheric temperature depends greatly upon the nebulosity ; when
the top is blanketed in clouds there is hardly any fluctuation, but as soon
as the sun breaks through, the temperature rises, and on days when the
sun has been shining the whole morning from a stark blue sky, it may get
very warm on the mountain top. In clear dry nights on the other hand the
temperature may fall sharply though seldom below the freezing point. In
the forest and even in the shade of smaller groves the temperature does not
drop as sharply as in the crater valley. In the dry season night-frosts very
often occur in this part of Pangrango; the grass and the smaller plants
are then covered with rime, and the stagnant pools near the brook are
sometimes covered with a thin crust of ice, though this is of extremely rare
occurrence and was observed by me once only. Hoar-frost is however
rather frequent and was already described by JUNGHUHN 2) for this same
valley. A thermometer laid beside my hut among the frosted plants one
morning registered 2° of frost at sunrise. The table below incorporates the
mean air-temperatures, but these figures are those registered by instruments
put up in a closed meteorological cabin.

When the sun is blazing and is being reflected from remparts of white
clouds massed around the mountain, it may be very hot, even disagreeably
so, but with the slightest curtaining a chill is felt. It is especially this fall
in temperature which causes animals, especially insects (with the exception
of the bumble-bee) to respond so markedly to clouding. Some plants also
are keenly sensitive to variations in temperature; the flowers of Gentiana
quadrifaria for instance open far earlier on sunshiny days than in hazier
weather, and on rainy days they will hardly open at all. The orchid T hely-
mitra javanica opens its flowers on very warm days only when the sun
gives plenty of heat from early morning: and plants growing in open

4 | -~
— | e

1) C. G. G. ]. VAN STEENIS, Schets van de Flora van den G. Tjibodas bij Tiampe::x.
De Tropische Natuur, Vol. XX, 1931, p. 81.
2) FR. JUNGHUHN, Reisen, p. 472.
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Mean air-temperature, in degrees Centigrade on the top of Mt. Pangrango.

19121925 | 2am | 4 |6 8 '| 10 |12 | 2om | 4 6 | 8 | 10| 12 12;‘:”
Jan. . 7.5 | 7.4 | 7.5 | 8.5 | 9.8 10.6(104] 93| 8379|7276/ 8.5
Febr. ! 7.8 | 7.7 | 7.7 | 8.7 |10.2]10.8/105| 96| 8.6 | 8.2 | 80 | 7.9 | 8.8
March | 7.5 7.4 | 7.4 | 8.7 [10.3(10.9(10.4| 9.5| 8.4 | 8.0 | 7.8 | 7.7 | 8.7
April 8.2 | 8.0 | 8.0 | 9.8 | 11.7 ‘ 12.3[11.8 /108 9.4 | 8.8 | 8.7 | 8.4 | 9.7
May | 8.2 | 8.0 8.0 |99 1231270121 | 110/ 9.3 | 8.6 | 8.5 | 8.3 9.7
fane | 7.6 | 75| 75| 9.8 |123|12.8/12.1|107]| 89| 8.2 80| 79| 9.5
July 70| 69| 7.0 9.3 |120[/126[12.0|105| 85| 76| 7.4 72] 9.0
Aug. 6.9 | 6.8 | 6.8 | 9.4 (120|127 |11.8(10.2| 8.2 |7.5| 7.3 | 7.2 8.9
Sept. 6.7 [ 6.5 | 6.6 | 9.2 |12.0|12.6 [ 11.6 [ 10.1 | 8.3 | 7.5 | 7.2 | 7.0 | 8.8
Okct. 6.8 | 6.6 | 6.8 | 9.2 | 11.6 | 12,1 11.3| 9.9 | 8.4 | 7.6 | 7.3 7.1 8.7
Nov. 7.2 | 70| 7.0 [ 9.1 | 11.2 | 1.7 11.1| 9.8/ 84 (79| 77| 74| 88
Dec. 71 | 70| 7.1 | 8.7 |10.2]|108/[10.2| 92| 8.1 | 7.7 |75 ]| 7.3 | 8.4
Annual 7472073 92 |113|11911.3100]| 8680|7876l 90

localities show flowers more widely open than those growing under bushes

or in groves.
The great fluctuations in temperature are clearly shown in the following

record, figure 4, taken from July 15th. to 17th., i.e. in the dry season!:

o A o

Fig. 4. Temperature on the top of Mt. Pangrango.

The observations on relative humidity have also vielded interesting data.
On the top of Mt. Pangrango relative humidity decreases in the morning
and increases in the course of the afternoon ; but in the night it may greatly
diminish again, which does not happen in the plains, This nocturnal fall in
humidity occurs especially in the dry season. From the diagram reproduced
in figure 5 this daily course is very apparent: during the period represented,
from August 15th. to 20th. 1915, the relative humidity at 12 o clock noon
was between 90 and 100 %, but about 12 o'clock midnight it fell to less

than 30°.
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But owing to the frequent interchange of fog, rain and sunshine the curve
is not by any means always so regular. For days at a stretch the relative

100",

16 Aug ; 17 Aug ' 18 Aug. 19 Aug.

Fig. 5. Relative humidity on the top of Mt. Pangrango.

humidity may remain approximately constant at a very high level, so that
the hygrograph traces a straight hirizontal line; a protracted spell of low
relative humidity however never occurs. Wide fluctuations are particularly
apt to occur in the dry season. In the daytime the air of the lower region,
heated by the sun, may rise so high that the fogs reach the top, but in the
night an almost desertlike atmosphere may surround the top. Such dry
moments are rare, however, and nights of great dryness are often succeeded
by nights when the relative humidity reaches 100 % ; see the record on
p. 35 registered between September 20th. and 23rd. 1913. The very
rapidity of these changes makes that the dryness does not exercise much
influence on the vegetation. I visited the top of Pangrango at the end of
August 1924 in company with Dr, BRAAK. When we got to the top
everything was very dry, though the trees and herbs looked fresh, but the
moss-cushions on the trunks and branches were yellowish-brown and were
dry to the touch. On August 27th. the relative humidity amounted to about
20 %0, but during the following days it went up again to nearly 100 %. The
moss-cushions were soaked full of water and had once more turned green.
How extreme the daily fluctuations sometimes are can be seen in the record
taken between June 17th, and 22nd. 1925, when both moments with very
low and with very high indexes occurred.

According to Dr. BRAAK 1) the lowest minimum observed was 6 % ; it
was observed on July 13th. 1924, The annual average is 83 % and there-
fore very high; the monthly averages fluctuate between a maximum of
93 9% in February and a minimum of 70 % in July.

According to JUNGHUHN 2) but little rain falls on the tops of the loftiest

1} C. BRAAK, Het klimaat van Nederl. Indié, Vol. II, p. 223
2}  FR. JUNGHUHN, Java, Vol. I, p. 560.
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volcanos, and then only in the form of mist-rains. But during my stay on

the Pangrango top and on many other tops in Java I have met with very

e g——
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Relative humidity on the top of Mt. Pangrango
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heavy showers. As a matter of fact the amount of precipitation on the top
of Mt. Pangrango is indeed, as shown by the following chart of the
monthly and annual aggregates, very high :

Monthly and annual aggregates of rainfall in millimeters.

‘ Jan. I@hr.|i13n¢1.ﬂprﬂ May !Fune i July | Aug. | Sept. | Oct :ﬂar.lllﬁc."funr

L
1912 165 | 140 | 196 | 61 | 155 | 261 | 408 | 256
1913 | 272 | 174 | 63 | 163 | 154 | 48 2 | 125 | 75 | 137 | 384 | 382 | 1979
1914 : 124 | 351 | 235 | 265 | 220 | 118 1|10 2 | 41 | 454 | 572 | 2693
1915 | 386 | 515 | 566 | 247 | 258 | 167 | 10 | 60 | 251 | 211 | 402 | 388 | 3461
1916 | 694 | 292 | 532 | 407 | 145 | 98 | 64 | 175 | 242 | 440 | 342 | 575 | 4006
1917 ! 469 | 528 | 270 | 361 | 245 | 96 | 70 | 142 | 166 | 420 | 490 | 748 | 4005
1918 | 732 | 789 | 412 | 269 | 182 | 48 | 19 | 215 | 27 | 107 | 332 | 584 | 3716
1919 | 454 | 646 | 432 | 433 < 452 | 129 | 19 | 42 | 61 | 134 | 660 | 336 | 3798
1920 ‘ 422 | 336 | 487 | 432 | 86 | 54 | 35 | 277 | 289 | 484 | 319 | 323 | 3544
1921 | 333 | 869 I 445 | 200 | 86 | 101 | 147 | 118 | 191 | 201 | 251 | 446 | 3388
1922 | 397 | 499 | 412 | 355 | 191 | 107 | 78 | 73| 84 | 243 | 328 | 275 | 3042
1923 | 376 | 450 | 273 | 175 | 106 | 214 | 364 2| 94 | 157 | 371 | 442 | 3024
1924 ‘ 273 | 326 | 505 | 397 | 202 | 145 | 30 | 85 | 89 | 494 | 485 | 346 | 3377
1925 | 702 | 684 | 388 | 233 | 69 | 13 | 33 | 36 | 103 | 110 | 137 | 368 | 2876
1926 | 425 | 311 ‘ a8 | 274 | 251 | 61 | 17| 12| 130 | 239 | 220 | 430 | 2797
1927 : 519 | 179 | 480 | 264 | 263 | 59 | 79 | 121 | 64 | 162 | 367 | 628 | 3185
1928 | 396 | 563 | 539 | 422 | 126 | 109 | 36 | 210 | 47 | 269 | 356 | 550 | 3650
1929 ‘ 554 | 437 | 411 | 204 | 97 ! 97 | 58 | 59 | 52 | 213 | 275 | 400 | 2856
1930 | 268 | 590 | 430 | 411 | 276 | 32 | 174 | 4 | 61 | 286 | 345 | 296 |

| 3233
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Average rainfall and number of rainy days, 1912—-1930.

Jan. | Febr. \March| April | May | June | July Aug. | Sept. | Okct. | Nov. | Dec. | Year
Rainfall . . . | 450 | 474 405 | 306 188 ‘ 97 ‘ 75 99 115 244 365 | 440 | 3258
Number of | |
days | 28 25 | 29 26 | 23 | 20 r 14 17 19 25 27 28 281
|

In the dry months of July and August the average amount of rain is still
as much as 75 and 99 mm respectively, and the average number of rainy
days 14 and 17. But in some years these months may be very dry indeed ;
in July 1913, 1914 and 1915, in August 1914, 1923 and 1926 and in Sep-
tember 1914 the rainfall was practically nil ; but these are rare exceptions.
On the more eastern mountain tops of Java there falls also a great deal of
rain, though less than on the top of Pangrango, where, as we have seen,
the average amount of rainfall for a period of 18 years is 3258 mm.

I L} i v v Vi Vil v Ix X Xl XAl
Fig. 7. Monthly averages of rainfall on the top of Mt. Pangrango.

On the top of Mt. Merbabu in Central Java the average annual raintall
is 2669 mm, with monthly averages for June, July, August and September
of 110—55—52 and 109 mm respectively; on the top of Mt, Weliran in
East-Java (both tops are over 3000 m in height) the annual rainfall
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averages 2405 mm, the average rain indexes for the driest months being
73—21—25 and 30 mm.

The climate of the tops in East-Java can therefore certainly not be called
arid as SCHMUCKER 1) does. Occasionally the rainfall in a month can be
very high: on the Sindoro top in Central Java for instance in January 1929
no less than 1174 mm of rain was registered ; the total amount of rain
fallen there in that year was 3509 mm, whilst in the months of July and
August there fell 0 mm of rain, which shows the enormous range of
variation.

[ had personally the doubtful privilege of spending a few days on the
Pangrango top in February 1921, the rainiest month recorded there so far.
Fog, heavy showers and squalls swept continually past my chalet, no less
than 869 mm falling in that single month. Cut inflorescences of Primula
imperialis which 1 had left outside my hut were a full month later still
quite fresh, the tops had curved upwards, a new whorl of flowers had
opened, and an older verticil had set fruit.

A comparison of the rainfall on the Pangrango top with that on the top
of Singgalang in Central Sumatra shows that the rainfall on the latter is
more evenly distributed. The average rainfall is not much larger but in the
wet season several monthly averages are lower. In July, the driest month,
the mean humidity of Pangrango top is 70 % ; of Singgalang in August on
the other hand 89 %. During the driest parts of the day the atmosphere on
Pangrango is generally nearly twice as far removed from saturation as on
Singgalang, the highest saturation deficit being on Pangrango (in July)
54 %, and on Singgalang (in May) 32 % only. The climate of the latter
mountain is therefore very moist and yet the same plant-types grow there
as on Pangrango. Open patches of grass however are not found on Mt.
Singgalang, but their presence on Pangrango is not due to a lower
humidity ; they owe their origin to other causes. In East-Java the atmos-
phere of the tops is undoubtedly drier though it is not so dry that a
description of the climate as arid would be justified, but it explains perhaps
the predominance of forests of Casuarina Junghuhniana. The presence of
grass steppes dominated by Festuca nubigena however must be due to other
causes.

The rain falls chiefly in the afternoon, but there may be heavy rainfalls
in the night also, as | myself experienced repeatedly on Pangrango as well
as on Tjikorai, Sumbing, Sindoro and Lawu. Brief heavy downpours, so
frequent in the lower regions of the tropics, are however rare on the
mountain tops. Instead of heavy showers the tops receive gentle rains and
misty drizzles usually of long duration, and as the quantity of moisture
falling on the tops is not much less than what falls lower down, its influence

on the degree of humidity must be far greater.

1) TH. SCHMUCKER, loc. cit., p. 40.
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VON FABER1!) devoted a detailed discussion to the so-called light-
climate, comparing the light-climate of the mountain-tops with that of the
tropical plains. From the investigations carried out by him on the quality
of the light in the moist parts of the tropics (Buitenzorg) it appears, he
says, that this light is poor in chemical rays and rich in red and infra-red
ones, This conclusion, however, should not be accepted without further
substantiation, and is probably not correct. VoN FABER founds his con-
clusion on photochemical measurements and on the experience of photo-
graphers, who newly arrived from Europe overrate the intensity of the
light and under-expose their plates or films. He supposes that these failures
may be attributed to the low intensity of the chemical rays.

The investigations of BOEREMA and VRi] 2) have shown however that
tropical sunlight is rich in ultra-violet rays, even in the plain. Taking the
relation existing between the total intensity of the sun's radiation and the
intensity of the ultra-violet radiation as more or less constant, we must
conclude, that the greater total radiation on the mountain-tops will comprise
also a greater U. V. radiation than in the plains. According to VR1J3) the
opinion that the light in the moist parts of the tropics must be poor in ultra
violet rays, does not rest on any exact measurements. The sensitiveness of
the photographic plate is greatest in the neighbourhood of 4500—4800
A.U. and decreases again in the direction of the ultra violet rays; this is
almost exactly the reverse of what is often maintained by laymen. That
the exposures in the tropics should be taken so much longer than in the
temperate regions finds its reason in a quite different circumstance, says
VRi). In the tropics the sun stands much higher in the sky than in higher
latitudes, and objects in vertical positions therefore receive less light per
cm?, and this renders a longer exposure necessary. On the tops of the
mountains a shorter exposure is sufficient, because these tops are in all
directions open to the light, and because in addition the amount of light
reflected by the glaring white clouds is often very large.

The investigation of the ultra-violet radiation of tropical light is still in
its first stage, and so long as the subject has not been thoroughly thrashed
out by physicists we must be careful in drawing inferences.

The tables and diagrams have been borrowed from BRAAK's book. The
tables of the monthly and annual aggregates of rainfall have, however,
been extended to the year 1930,

1) F. C. VON FABER, loc. cit., p. 32.

?) ]. BOEREMA and M. P. VRi), Ultra-violet in tropical sunlight. Proceedings of the
Fourth Pacific Science Congress, Java, 1929, Vol, 1IB, Batavia-Bandoeng, p. 857.

%) M. P. VRi), Problemen bij het Fotografeeren in de Tropen. Natuurkundig Tijd-
schrift v. Nederl. Indié, Vol. XC, p. 234.




CHAPTER 1V.
THE VEGETATION.

The forest covering the north-western slopes of Mts. Pangrango and
Gedeh, extends from the Mountain Garden "Tjibodas", situated at about
1500 m above sea-level, to the summits of the two mountains, This forest
constitutes the Nature Reserve "“Tjibodas-Gedeh" 1), which was handed
over by the Government of the Netherlands East Indies to the Botanic
Gardens to serve for purposes of research. It covers an area of over 3000
acres. Its vegetation has been left undisturbed for so long that it may be
regarded as untouched. In a few places only i.e. near the waterfalls of
Tjibeureum, near Kandang Badak, and on the top of Pangrango, small
plots were cleared upwards of 90 years ago by the then curator Mr.
TEYSMANN, and used for acclimatisation experiments with European plants.
These plots have all been abandoned and are largely grown over again,
though some of the introduced plants have held their own. In the forest, near
the waterfalls of Tjibeureum, for instance, individuals of Marica coerulea
are still found. Near Kandang Badak a few specimens of Cupressus sem-
pervirens rise above the surrounding vegetation, whilst Rosa canina grows
by the roadside and climbs high up into the trees. Rumex alpinus close by
the hut of Kandang Badak, is perhaps also a remnant of TEYSMANN's
cultures. Digitalis purpurea was planted there latterly, but, though it holds
its ground, it does not spread. On the Pangrango-top a few plants brought
thither in former days are still present. Everywhere in open patches and
under light brush wood Fragaria vesca is scattered about, but it is not
spreading any further; two forms are still clearly distinguishable, the one
robuster and with larger flowers, the other one smaller. Pirus malus which
used to occur in a few rather stunted individuals, has of late years been
exterminated almost entirely; Rubus fruticosus is also found in a few large
groups, but though it flowers richly throughout the year, it never bears
fruit. In one patch Rosa rubiginosa and a species of Cotoneaster are main-
taining their position, but they never bear flowers. The most remarkable
plant is a beech nearly a century old, which is about five feet high and has
developed into a thickly ramified shrub. COSTER 2) devoted a special study
to this plant. Starting from Tjibodas some plants have spread through the
forest and hold their own in a few places, such as a Japanese bamboo,

1) K. W. DAMMERMAN, Preservation of Wild Life and Nature Reserves in the Nether-

lands Indies. Fourth Pacific Science Congress, Java 1929, p. 39.
2) CH. COSTER, Die Buche auf dem Gipfel des Pangerango. Ann. d. Jard. bot. de

Buitenzorg, Vol. XXXV, 1926, p. 105.
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Cestrum aurantiacum, Eupatorium janthinum and a Galathea-species.
Besides these several weeds, mostly of American origin, have run wild
along the roads and in open patches, so for instance Eupatorium pallescens
and E. riparium, Bidens pilosa. Erigeron linifolius, Galinsoga parviflora and
grasses such as Poa annua and P. trivialis. Cerastium caespitosum, Dry-
maria hirsuta and Stellaria media, Brassica oleracea, Cardamine hirsuta,
Oxalis corniculata, Solanum tuberosum, Sonchus asper and Artemisia vul-
garis belong also in this group. Some seeds which I had brought from the
islands of Hawai were strewn out on the top of Pangrango, but an QOeno-
thera only has stood its ground. T araxacum officinale was sown out near
Lebak Sadt and on the top of Pangrango, and this keeps up its position
there. On the same top | planted a few specimens of Anemone Sumatrana
brought from Mt. Singgalang in Central Sumatra and some plants of
Dendrobium [acobsonii from Mt. Lawu were put on the Cupressus trees
near Kandang Badak, and an Impatiens from Sumatra with yellow flowers
was planted above Huis ten Bosch. The rest of the plants belong to the
indigenous flora.

The vegetation extends without interruption from 1500 m to above
3000 m, and belongs therefore to the two highest of the four belts into
which JUNGHUHN in his standard-work “Java" has divided the vegetation
of the island. The composition of the virgin forest in the third belt which
extends from Tjibodas upwards to some 2400 m above sea-level, has been
described so often (see for instance HABERLANDT 1) and MASSART 2)) that
| need not dwell on it again, the more so because my researches have
mainly been confined to the highest region. I will therefore restrict my
remarks to JUNGHUHN's fourth zone.

Many plants which belong to the vegetation of this highest belt also
occur lower down. Vaccinium laurifolium which presents itself on the
Pangrango-top as an irregqularly ramified shrub and is to be found in the
vicinity of Kandang Badak either as a big liana, or as an epiphyte, is to be
found in the forest near Tjibodas at 1400 m above the sea as an epiphyte
only; thus far, however, 1 have not found it there in flower. Myrica
javanica, Lurya acuminata, Albizzia montana, to mention only a lew
examples, exist far down in the third zone. Under the falls of Tjibeureum
at about 1700 m altitude, several plant species are found which reach their
full development in the fourth zone only. A striking thing is the occurrence
here of Pleopeltis feei and Ranunculus diffusus, plants which occur
nowhere in the surrounding forest. They grow here on rocks which are
continually exposed to the spray. The tern grows abundantly in the open
crater of Gedeh and on sparsely grown lava streams elsewhere.

The higher one ascends in the third zone the more numerous the

1) G. HABERLANDT, Eine botanische Tropenreise. Leipzig, 1910, Zweite Auflage,
p. 211.

%) J. MASSART, Un botaniste en Malaisie. Bull. d. I. Soc. royale de bot. de Belgique,
Vol. XXXIV, 1895, p. 250.

i
F.
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representatives from the fourth zone are becoming, and above the hot
springs, that is, above 2200 m one enters a part where representatives of
the two zones mingle in about equal strength. Inversely, various plants
which find their fullest development in the lower belts ascend far up into
the fourth zone. Stout specimens of Podocarpus imbricata occur on the
Pangrango-cone up to 2700 m ; there are likewise a few species of Quercus
in the lower parts of this cold zone.

The mountain laboratory Lebak Sait and the mountain bungalow Kan-
dang Badak are situated at 2400 m above sea-level in the midst of a dense
forest. This forest is usually described as alpine. SCHMUCKER!) and
SCHROTER 2) however, are of opinion that the name alpine is out of place
here, because by an alpine vegetation is meant a plant association existing
above the tree line. The alpine vegetation of the Alps consists largely of
so-called “espalier”” bushes, that is to say low shrubs with twigs adpressed
to the soil, and of cushion-plants. Genuine espalier-bushes do not occur on
the Javanese mountain-tops; the nearest approach is shown by Gaultheria
nummularioides, but this is in reality, as it roots from the branches, a
creeping plant. Cushion-plants too, are entirely missing; the only plant at
all comparable to them would be Gentiana quadrifaria.

As the idea of an "alpine vegetation' is bound up with the idea of the
“tree limit'’, we ought to have certainty about the latter, before we could
speak of an alpine flora in the tropics, but there is as yet no agreement on
this point.

SCHMUCKER points out that in West Java ¢ven on mountains 3100 m high
the tree limit is not quite reached ; as regards Central Java the same author
states that there are mountains up to 3300 m high and more, but their tops
are denuded of all vegetation. This is true of Mt. Slamat, which is 3432 m
high; the highest 300 m of this mountain consists of young lava, as yet
but little weathered and disintegrated, on which nothing is found but
lichens and a few foliaceous mosses. Mt. Sumbing on the other hand, which
rises to 3371 m, bears on its very summit trees between 3 and 4 m high ot
Vaccinium varingifolium and Albizzia montana.

The tree limit is therefore not yet reached at these altitudes. In East
Java we find Mt. Semeru (Mahameru), 3680 m high, but the upper 500 m
consist of unweathered ashes. on which plant life is not yet possible 2), On
the border-line between this ash-cone and the wooded slopes, at an altitude
of about 3200 m, Casuarina-trees more than 8 m high are found. This upper
fringe of the forest suffers a good deal from the continual avalanches of
ashes, by which frequently large parts of the forest are destroyed. There
is however no reason for supposing that these Casuarina's could not grow

1) TH. SCHMUCKER, Beitr, z. Kenntnis der Hochgebirgsflora Javas und zur Theorie
der Pflanzenverbreitung. Beihefte z. bot. Centralblatt, Vol. XLIIIL, 1926, p. 34.

2) C. SCHROTER, Exkursionen in Ost-Java. Beiblatt N. 15 zur Vierteljahrsschrift der
Naturf. Gesellsch. in Ziirich, Vol. LXXIII, 1928, p. 554.

3) 1 found in 1925 near the very top only one plant of Anaphalis.
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up to the summit of Mt, Semeru, and it is therefore to be assumed that the
upper tree limit is not reached on any mountain in Java, and that conse-
quently a flora of a really alpine character cannot occur there.

Nevertheless we need a word to denote that the vegetation of the fourth
JUNGHUHN zone ditfers substantially in many respects from that of the
lower plant-zones. In what tollows I will theretore call this flora "alpinoid”,
because the plants of the highest mountain tops in Java share many
characteristics with the genuine alpine flora. To find a true alpine flora
within the tropics one has to climb still higher, the true limit lying probably
between 4000 and 5000 m.

Besides forests these mountain tops frequently present larger or smaller
stretches in which trees are absent or rare, and which bear a vegetation
consisting of smaller plants, especially grasses and sedges but sometimes
also low bushes. These open patches are often sharply separated from the
surrounding forest. In other countries such stretches, covered with a low
vegetation which lie like islands in the forest are also met with, the “pata-
nas’ ol Ceylon being a wellknown example. In connection with an
investigation of these areas, STOMPS 1) discusses the climate and especially
the tree line in the tropics. STOMPS, starting from the treatise of H.
BROCKMANN-JEROSCH, "Baumgrenze und Klimacharakter”, argues, that in
Ceylon as it is an island with but little general elevation, lying moreover in
the middle of the ocean, an exceptionally low tree line is to be expected.
With regard to the highest tops in Java he arrives at the same conclusion.
In that island also, he says, the upper tree line is at a considerably lower
altitude than in other tropical regions. In my view this thesis is not
corroborated by the facts, for where on the mountain-tops in Java the soil
is suitable for tree growth, the tree limit is never reached. Whether this
limit would have been reached a few hundred metres higher up, is a
question we can not answer, because the top of Java's highest mountain,
Semeru, cannot bear now any higher plants. The open patches scattered
about in these alpinoid forests owe their origin to other causes, climate and
altitude being of slight importance. The absence of trees there is largely
due to the composition and physical structure of the soil, according to
VON FABER 2) one [factor being the formation of forest-peat. The
Pangrango-top also affords an example of such vegetation in a hollow
below the wooded top. |JUNGHUHN, who visited this top in 1839 supposed
that the trees had been destroyed in the last eruption of the crater, and
believed that in the course of time they would once more penetrate from the
forest into the open patch. This, however, has not yet happened thus far,
and it is therefore evident that the soil is not suited to the growth of trees.
Another fact, which should not be forgotten, is that the bushes of Anaphalis

1) TH. ]. StompPs, Baumgrenze und Klimacharackter in den Tropen., Verhandl. der
Klimatolog. Tagung in Davos, 1925, p. | of the off-print.
2) FE. C. vON FABER, Die Kraterpflanzen Javas. Weltevreden, 1927, p. 64.
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javanica are killed time and again by night-frosts which in the depression
are often severe.

Although the forests in these regions still contain many species of plants
which occur also in lower parts, yet their habit is clearly distinguishable
from that of the forests in those other parts, It are accordingly the trees
that have undergone most markedly the transforming influence of the
higher altitude, whereas the shrubs and herbs are usually little different in
habit from those in other forests. Though other kinds of herbs and bushes
occur, they do not show any special features. Neither do the young
individuals of the trees show a peculiar habit; they do not acquire the
particular form of the adult trees until they grow older. Their stature
remains much lower; in the lower part of the fourth zone they still
frequently attain more than 15 m in height, but the higher we get the
smaller they become and in the highest and most exposed situations, trees
above 5 to 6 m high are rare. Moreover they ramify as a rule low near the
ground, the branches spreading laterally, so that the trees become more
shrublike. Some species, Leptospermum for instance, are "umbrella”-shaped,
plate VII, others are more rounded ; their wood is mostly very hard and
the trunk often twisted or warped and knotty, with a rough bark scaling
off in flakes or in fibres; the leaves are mostly small, narrow and leathery
and they are congested at the ends of the branches.

Especially on mountains with plenty of rainfall, such as Pangrango, these
forests are characterized by an uncommonly rich development of moss
cushions. Not only, and not even mainly, on the ground, but principally
against the trunks and on branches, all sorts of mosses, both Musci frondosi
and Hepaticeae, form thick cushions which impart to the whole forest a
bizarre aspect, that of the so called moss covered forest, luxuriantly
developed from Kandang Badak up to the top of Pangrango. In the more
unfertile parts of these mountains, such as the slopes of Mt. Gedeh on
which the forests are also much younger than on Pangrango, these moss
cushions are not so richly developed, and in parts hardly developed at all,
plate XXI, they will also be looked for in vain in the crater of Gedeh. On
these barren and very exposed grounds, which are often comparatively
young unweathered lava-streams, the trees remain a good deal lower, whilst
the patches that are not entirely devoid of vegetation are overgrown with
a dense and hardly penetrable tangle.

The trees of these forests belong to various families, a particular family
being frequently represented by a single species only. They are the
following : Podocarpus imbricata, a forest giant, which occurs as high up
as 2700 m. Albizzia montana which, however, does not occur very generally
in these forests, as it prefers more open grounds, crater-fields, waysides,
and the banks of brooks. Their seeds must nevertheless be present in the
soil in large quantities, or they must be very easily dispersed, for seedlings
of this tree are found in large numbers in stretches cleared either by arched
squalls, by man, or by landslides. When later on the forest trees proper

Verhandel. Afd. Natuurkunde (Tweede Sectie) DI. XXXI. 4
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restore a thick vegetation, the Albizzia’s, which had been the first to come
up, are found to die out again as they are not replaced by new individuals.

Quercus pallida and Q. spicata are in these mountains mainly confined
to the lower parts of the fourth zone; the same holds good of Litsea
javanica whilst L. cubeba behaves in the same way as Albizzia. Polyosma
ilicifolia is a small tree, of rather frequent occurrence in the undergrowth
of the forest, and not to be found above 2700 m. Myrica javanica is more
common in open spaces, especially on bare crater-slopes, than in the forest
itsell. On Mt. Pangrango it will be looked for in vain. Daphniphyllum
glaucessens is confined to the lowest parts and belongs to the undergrowth;
Acer niveum is also nearly absent from the higher parts and where it
occurs here it seldom grows to a good size, whilst in the third zone it may
rise to the stature of a forest giant. The species of Elaeocarpus occur every-
where, and have developed especially in the lower parts into fair-sized
trees. Eurya acuminata is very general, up to the top of Pangrango and
torms one of the most noticeable elements of the forest-flora: it does not
occur by any means so frequently in open patches and is usually
accompanied by other trees, but on the top of Pangrango there is a spot
where this tree occurs gregariously in large numbers. Schima Noronhae, a
forest giant, is also developed especially in the lower part of the forest,
where it is conspicuous by its intensely red young foliage and large white
tlowers. Eugenia jamboloides is also a denizen of the lower parts, whilst
Leptospermum javanicum, which belongs to the same family, is present
everywhere up to the tops of the mountains. On the slopes of Mt. Sela it is
predominant in the forest-flora, and in the flowering-season the “umbrella”-
shaped crowns, towering over the tops of the other trees, are laden with a
snowy mantle of flowers, a sight already described by JUNGHUHN. Asfronia
spectabilis is again a’ denizen of the lower parts. Schefflera rugosa occurs
throughout the forest, but seldom gregariously; it is found on the top of
Pangrango also where it is the only tree with large digitate leaves. Of the
Ericaceae Rhododendron retusum and Vaccinium varingifolium are arbore-
ous, Vaccinium laurifolium being more like a shrub or a liana. Rhododen-
dron retusum occurs everywhere, both as a tree in the forest and as a small
bush on the lava streams of Mt. Gedeh. The commonest tree in these woods
is Vaccinium varingifolium. It occurs everywhere, and here and there it
forms nearly the whole of the forest vegetation with hardly any competitors,
plate XXI; as a small shrub it is found in the same localities as Rhodo-
dendron retusum, but it is far commoner ; it strikes the eye by its bright-
red young leaves. Rapanea avenis is also generally prevalent, but is not so
numerous in scantly-grown spaces as the previous species. The species of
Symplocos are also common; S. sessilifolia occurs as a bush up to the
highest tops. Viburnum coriaceum is common in the forest, but on the top
of Pangrango, it occurs in few individuals only; in the bare part of the
mountain | only know of one specimen forming a tall thick bush. Anaphalis
javanica may grow into a small tree; it does not live in the forest itself,
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but keeps to its margins and to light open spaces. Of the tree-ferns Cyathea
crenulata ascends high up in the mountains, but is more general in the
lower parts, where it may locally determine the character of the forest.

Besides young specimens of the above-mentioned trees this forest also
contains various shrubs. Cyclolophus occurs only in open patches in the
lowest part; Dichroa and Hydrangea are also found in the lowest parts ;
the former is met with on the sides of Mt. Sela up to a height of 2800 m.
Neillia, a small more or less climbing bush in the lower part of the forest, is
rare. Various species of Rubus occur in the forest round Kandang Badak,
but R. lineatus is the only one which reaches the top of the mountain: it
shows a preference for the edge of the forest, where it often forms a dense
jungle; Perrottettia is also general, but only in the lowest part of this
region.

Hypericum, a bush or a straggling shrub, is found in the higher parts
of the forest, especially on the margins, but it is on the whole more a
denizen of open spaces. Melastoma setigerum and Aralia ferox on the
other hand occur in the lower area. Schefflera lucescens, a straggling shrub
with long branches, almost liana-shaped, occurs on both mountains up to
high altitudes, but on the tops it is entirely absent. The three Gaultheria's
are shrubs, G. fragrantissima and G. leucocarpa occur in light alpinoid
forest, but the creeping G. nummularioides must be regarded as rare there :
all three prefer more open localities. Rhododendron javanicum is to be
found in the lower part of the forest zone as a shrub, but in the third zone
it is mostly met with as an epiphyte. Vaccinium laurifolium, a large stragg-
ling shrub, sometimes almost liana-shaped, occurs everywhere and climbs
high up into the trees.

Very common, locally even forming closed associations, is Ardisia
javanica, which may be met with as high up as 2700 m. Geniostoma again
is limited to the lower parts; Cyrtandra arborescens forms local colonies
and may present itself up to 2900 m altitude, though it is nowhere general.
Allaeophania is to be considered general especially on the slopes of Gedeh
and in a few localities near Kandang Badak and somewhat higher; Lasi-
anthus lucidus and Gnaphalium longifolium occur only in the very lowest
part; the latter however is absent in the forest itself.

The number of lianas and trailing and creeping herbs is not particularly
large in these forests. Piper arcuatum is confined to the lower part:
Clematis Leschenaultiana too, although in other mountains it may occur as
high up as 3000 m; on Gedeh-Pangrango it is common in certain parts
only. Kadsura too, is a plant which belongs to a lower zone: some
specimens however reach Kandang Badak. Nepenthes is in this area not
found in the forest, but one specimen is growing in the crater of Gedeh.
Embelia is also confined to the lower part, Crawfurdia occurs everywhere
scattered through the forest and is also present on the tops of these moun-

tains. Lonicera grows everywhere as a liana, save in open patches, where
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it occurs as a tall shrub. Melothria like Pratia montana on the other hand
occur only in the very lowest region.

The number of herbs in this kind of forest is not very large; they belong
to the ferns and the phanerogams. Of the grasses [sachne albens occurs
especially along forest tracks, the other grasses however are more confined
to open grounds., The Carices also are more common there than in the
forest, though all the species may be found in it. Gahnia grows here and
there in the forest itself and along the dry river-bed of the Tji-Sait, but it
is more at home in the open parts of the crater. Dianella javanica does not
grow on the Pangrango slopes, but it is present in the forests on the
Gedeh-top and along the Tji-Saat. Disporum is found here and there; it
reaches its upper limit near Kandang Badak. The forests shelter however
various terrestrial orchids: Calanthe abreviata and Goodyera bifida (rare)
in the lower parts ; Phajus flavus, however, may be found near the top of
Gedeh. The two species of Myrmechis on the other hand are to be found
everywhere; M. glabra is present even up to the highest parts of Pan-
grango. Platanthera Blumei is a genuine forest plant and everywhere present.

Colonies of Elatostema are found occasionally in the forest up to an
altitude of 2900 m, Pilea on the other hand is confined to very moist
patches in the lower parts. Polygonum chinense occurs everywhere, some-
times as a climbing plant, sometimes as a shrub, P. paniculatum is more
common in open spaces. The two species of Ranunculus occur here and
there in the forest, but they are more common along tracks and in open
spaces. Cardamine africana is found sporadically up to the tops of the
mountain. The two species of Impatiens are also common in some parts,
especially alongside forest-tracks; I. javensis is confined to the lower parts,
whereas I. cyclocoma occurs also at higher altitudes, up to 2700 m. Viola
pilosa and Sanicula europaea are true forest plants; they are found every-
where. Primula imperialis occurs on Mt. Pangrango only, along the path
through the forest and in the forest on the top, in the latter especially in
the outskirts. Swertia javanica is also a common sight up to the highest
parts. Solanum nigrum and Plantago major are rare in the forest, but more
frequent in open spaces; of the latter luxuriant specimens are found along
the path from Kandang Badak to the top of Pangrango and on the top
itself. Argostemma and Ophiorrhiza are found occasionally in the lowest
parts, while Nertera is everywhere very common. Valeriana, which is rare
in the densest parts of the forest, is generally present in the more open
parts. but is also found outside the forest. Among Composites, Dichro-
cephala and Myriactis are traceable in the forest and in open places, up to
the highest parts; the other plants of this family, however, occur lower down.

Parasites are poorly represented : Scurrula lepidota is very common in
the vicinity of Kandang Badak only, and the root-parasite Balanophora
occurs in the forest up to the top of the mountains.

Epiphytes are found especially among the mosses and ferns and among
Orchids. Peperomia and a single Ericacea: Diplycosia are found in the
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lower belt of the forest. Many other plants, however, grow occasionally as
epiphytes.

From the above survey it appears that the lower belt of the forest is
richest in species, and this holds good for all classes of plants. The lower
belt is a mixed or transitional region, in which many species still occur
which are properly denizens of lower parts and find their upward limit at
elevations between 2400 to 2600 m.

The old forest on the slopes of Pangrango, as we shall see subsequently,
is richer in species than the younger forest on the slopes of Gedeh, where
during the last eruptions ‘the vegetation was badly ruined.

| will give now descriptions of the vegetation in different parts of the
mountain.

1. From Kandang Badak to the top of Pangrango.

From Kandang Badak a path climbs in hairpin zigzags up the S.E. slope
of Pangrango. Right up to the top of this mountain the track runs through
dense alpinoid forest. Here and there where the road follows the edges of
the ridge, it affords a view over the lower ridges and over the plain, but
everywhere else the road is cut through the forest. The latter consists of the
elements specified in the foregoing sections; the underwood is very dense
and all stems and boughs are thickly clad with moss. Along the path many
herbs thrive which occur occasionally only inside the forest, Plantago major,
various species of Carex, Sanicula and Ranunculus diffusus, the latter
especially in the lower part, are particularly noticeable, It is not until an
altitude of 2600 m is reached that Primula imperialis begins to assert itself ;
the higher on the mountain the more robust the specimens become and the
more plentiful their flowers and fruits. At first one still meets many herbs
such as Begonia and Impatiens and several terrestrial orchids, but higher
on the number of species diminishes. This is true also of the shrubs and
trees. Podocarpus imbricata and Ardisia javanica for instance are not found
at a higher altitude than about 2700 m ; and above 2500 m one will look in
vain for Albizzia montana. The forest presents one of the most luxuriant
examples of alpinoid vegetation in West-Java; and up to the summit the
vegetation remains equally dense, though the number of species decreases.
Especially in the lower region the number of epiphytic species is very
large : mosses, liverworts, ferns and orchids are all represented ; Peperomia
is also found here. Higher up both the number of species and the number
of individuals decrease, the mosses however form an exception. On leaving
the path the observer finds that terrestrial herbs are also growing scarcer
and that everything is smothered in moss cushions in which a few species
of epiphytic ferns and orchids only find a place. True terrestrial herbs are:
Platanthera Blumei, Nertera, Lycopodium miniatum and the two species of
Myrmechis; and all these plants grow also in the moss cushions clothing
the tree trunks and the fallen logs; the latter especially are often thickly

covered with them.
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Herbs, however, which otherwise thrive best in the more open parts of
the forest will often assert themselves when space has been cleared by a
gale. When the forest recovers they disappear again. In the deeply trodden
tracks and cuttings of the highest parts various plants are found which are
not so much at home in the forest itselt: Gaultheria nummularioides,
Hypericum, Anaphalis a.o., and the steep banks are covered with the liver-
wort Palavicinia. After climbing some 600 m higher, the visitor reaches the
ridge which encloses like a big horse-shoe the so-called crater-valley, and
which rises to some 3020 m, From this part a forest path ascends very
gently to the highest point, where the stone pillar of the triangulation-
survey has been put up. For the purposes of this survey the forest has been
thinned in this part of the top, but everywhere else the mountain crest is
covered with dense moss-clad forest. Old individuals of Vaccinium varingi-
folium, with a trunk diameter of more than 13 m and a height of more
than 5 m are growing there.

Along the forest-path the vegetation consists partly of a fairly pure
growth of Eurya acuminata. Besides the two trees referred to, there are also
well-grown specimens of Lepfospermum, which often tower over the sur-
rounding trees, plate VII. Photinia Notoniana in not so many individuals,
plenty of Rhododendron retusum, Rapanea avenis, Symplocos sessilifolia,
Schefflera rugosa and an occasional Viburnum coreaceum; Vaccinium
however is everywhere predominant. As lianas are found Lonicera and
Vaccinium laurifolium and the herbaceous trailer Crawfurdia is very
common,

Save Rubus lineatus and very large specimens of Vaccinium laurifolium
no genuine shrubs occur here; what is found in the shape of shrubs are
voung individuals of the forest trees and occasionally an individual of
Gaultheria leucocarpa. Herbs, apart from ferns such as Plagiogyria pycno-
phylla, are: Platanthera Blumei, Carex hypsophylla, Myrmechis glabra,
Polygonum chinense (rare in the forest), an occasional Cardamine africana
and more generally present: Viola pilosa, Swertia javanica, Balanophora
elongata, Nertera, Sanicula, Dichrocephala and Myriactis. These herbs
grow sometimes also epiphytically, whilst the following are exclusively
epiphvytic : Dendrobium Hasseltii and a few ferns: Asplenium praemorsum,
Polypodium fasciatum, P. nutans and Hymenophyllum paniculiflorum.
Dryopteris adnata, Dryopteris filix mas and Polystictum aculeatum, which
occur also as epiphytes are more common as terrestrial plants.

At the end of the forest path we come to the top, where much of the
timber has been cleared, so that the vegetation here can certainly not be
described as undisturbed. This piece of ground is covered with plant species
which we will meet again in the crater-valley, where the vegetation is still
in the original state. On this open patch I sowed in 1922 Taraxacum offi-
cinale and species of Oenothera, a native of the slopes of Mt. Haleakala in
the island of Hawaii. The plants have held their own ; the dandelion grows

as a very small plant with comparatively large flower-heads.
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From the ordnance-survey pillar a narrow path leads along the inner
slope of the rim into the crater-valley. On this stretch the vegetation was
cut down by TEYSMANN; as was reported also by JUNGHUHN on his last
visit, it consisted undoubtedly of forest. At present the whole of this gently
sloping inner wall is grown over with shrubby forms probably of the same
trees that used to form the forest. Some plants, such as Hypericum and
Anaphalis, which do not generally occur in the real alpinoid forest, have
here developed in the fuller light, but they will doubtless disappear, when
the ground is once more covered with forest: a process which is gradually
advancing. At all events the vegetation of this inner slope cannot be
regarded as normal, as will become clear when we compare it with the
vegetation covering the opposite slope, where the alpinoid forest is found
fully developed.

At the end of the footpath one gets to small level patches thickly over-
grown with tussocks of Calamagrostis; here grows in the form of a low
bush the beech planted by TEYSMANN, and a few small apple trees and
European blackberries. Here and there some parts are dotted with forest,
but finally we reach the crater-valey with its striking vegetation. This valley
is the lowest part of the depression; it stretches in a narrow strip from
N.E. to S.W., and gradually slopes down in that direction. Seen from
above, this narrow band makes a strange pale effect owing to the presence
of Anaphalis. On the West, North, and South sides the valley is enclosed
by old alpinoid forest; there is no gradual transition, but the forest ends
suddenly; the trees on the outer edge are neither smaller nor less thickly
moss clad than those occurring deeper inside the forest. The sides of this
valley slope gently towards the centre, and a brooklet, the source of the Tji-
Kuripan, flows in the lowest part. This rill is fed by the rain-water falling
on the inner side of the valley; its capacity is therefore dependent on the
rain-fall. In the rainy season it always contains water, in the dry season
only if there have been showers for a few days. At the N.E. end of the
crater-valley the water wells up from the ground, which is swampy here in
the rainy season, but there are also small sources at other points, plate X ;
a number of side-rillets, usually dry and only containing water in rainy
weather, flow down to the main brook. Here and there the brook forms
shallow pools, but especially towards the S.W. end the bed is dug out
about ¥ m in the ground, and forms in various places small ponds. The
bottom of this crater-valley consists of rubble and contains but little
digested humus. The vegetation is remarkably poor, especially alongside
the brook, but grows richer as the margin of the forest is reached. Plate
VIII shows a very barren part, with penurious individuals of the grass
Isachne pangerangensis, and among the grass, cushions of mosses, chiefly
ot Rhacomitrium lanuginosum are found, but little else. The moss is dis-
tinguished by the dead, white filaments at the ends of the leaves, which
give the plants a white aspect. In the Isachne association other plants

germinate, such as Agrostis, Anaphalis and Swertia, but they mostly die
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after a short time; Swertia produces here very small starved individuals,
which however in spite of all bear flowers, though sometimes only one,
figure 55.

In moist spots and even in the brook grows Laurembergia, conspicuous
by its red stems. This plant forms dense mats because the twigs put forth
rootlets and firmly grip the soil. In many places, especially in shallow
rain-gullies, a peculiar association is formed of this plant with the almost
black-coloured moss: Enthostodon Buseanus, plate 1X. SCHROTER 1) calls
this association “'schneetilchendhnlich™ ("like that in little snow valleys™)
as it recalls the association of Arenaria biflora with Polytrichum in the
Alps. The circumstances are however so entirely different, that the
similarity between the two associations can only be superficial.

In the brook itself are found, beside some filamentous algae, such as
Spirogyra, principally cushions of Scirpus [luitans. They grow on the edge
and partly also in the water, and further in swampy patches among the
grass. At a few yards distance from the brook the soil gets drier, and
here begins the Anaphalis, consisting of scattered bushes. The ground is
chiefly covered with a brown or nearly black coral-like lichen, Stereocaulon
graminosum ; Rhacomifrium also forms cushions here. Between them grow
in various places Gentiana and T helymitra and also specimens of Agrostis,
and though other plants occur here occasionally, they mostly lead but a
languishing existence. Anaphalis forms small bushes about 60 to 100 cm
high which are smallest in the middle of the crater-valley and grow larger
towards the edges; many of them are killed by the severe night-frosts
which frequently occur in this valley. On the ground, but especially against
the thin trunks of the Anaphalis, grows a very big lichen, Cefraria sangui-
nea, with scutelliform apothecia, which may reach 23 c¢cm diameter: the
Anaphalis bushes are often pulled down by the weight of these lichens.
There also occur in these localities various Cladonia’s, and also Lycopodium
Wightianum, which with its strongly ramified closely massed branches and
short upright ears covers quite considerable patches; see plate XVII.

Towards the edges the vegetation grows ever richer; Agrostis, like
Calamagrostis covers small patches here and there, together with large
tussocks of Carex hypsophylla, plate XII. At the N.E. end there are a few
clumps of Gahnia javanica, which, however, do not look very flourishing.
Ranunculus javanicus, Cerastium caespitosum and Gaultheria nummulari-
oides are also present. The skirt of the forest is bordered with a belt of big
Anaphalis bushes, which may attain 2 m in height; see plate VII. It is
in this skirt that all sorts of plants already referred to sprout quite
luxuriantly, and here is the locality of Primula imperialis, which however is
also abundant in more open parts of the forest on the crater-ridge. Here
are also to be met with colonies of the brown, shortly petiolate Gleichenia

1) C. SCHROTER, Exkursionen im Ost-Java. Vierteljahrschr. der Naturf. Gesellsch. in
Ziirich, Vol. LXXIII, 1928, p. 591.
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vulcanica. In a few places the moss Rhacomytrium lanuginosum which
otherwise favours open spaces, forms on the trunks and limbs of trees
cushions more than a yard thick, in which all sorts of plants may grow;
see plate Xl,

Near the S.W.end of the crater-valley a side-rill of the brook forms a
shallow groove with about the same vegetation as the one already described.
The centre is entirely filled with a thick carpet of Isachne pangerangensis,
through which the water trickles. It is especially in this part, on the edge
of the forest that Swertia javanica occurs in masses. Fragaria vesca, which
fails in the crater-valley occurs here, though it is more common in that part
of the crater-depression, which at one time was cleared, but which is now
overgrown with brushwood.

It is also noteworthy that communities of Funaria hygrometrica f. javensis
develop especially on and among the charcoal left by campfires; Cerastium
and Sonchus may be found there too.

The trunks of Anaphalis in the belt edging the forest are thickly covered
with all sorts of lichens.

At the S W. end of the crater-valley the enclosing crater-wall is broken
through, and through the gap the brook plunges into a steep gully, leaping
further down in small falls and cascades. For about 100 yards it is possible
to follow the brook in its downwards course; then the gully becomes
impracticable. In that deeply-carved and chilly ravine of the Tji-Kuripan
T'halictrum javanicum occurs locally in large masses and Pimpinella
Leeuwenii, which was discovered on Pangrango, and has not been found
elsewhere, grows on the slopes. In this cleft the grasses of the crater-valley
are also found and between them Primula imperialis and small specimens of
Gleichenia vestita. Viola pilosa and the root-parasite Balanophora elongata
are also common here.

Along the margin of the forest in the crater-valley itself are found
Lonicera javanica, which is liana-shaped, but occurs also in more open
patches as a bush and likewise Hypericum, which straggles high up into
the trees. This latter plant however attains its best development on the
N.E. side on the inner slope of the crater-valley. A large stretch is covered
here with an impenetrable growth of Hypericum scrub. These parts also
bear large bushes of Rubus lineatus, which is also common along the forest-
skirts.

Leaving the crater-valley by the south-side and keeping the forest on the
right, one gets about half-way up the slope in an Anaphalis association of
a luxuriance unequalled anywhere in these mountains; nowhere except in
one part on Mt. Sumbing 1) did I see anything like it. Anaphalis here forms
a little wood, consisting of trees some 4 m high; the ground is thickly clad
with moss, in which numerous herbs grow: Swertia, Gaultheria nummula-

1) W. M. DOCTERS VAN LEEUWEN, Beitrag zur Kenntniss der Gipfelvegetation der
in Mitten-Java gelegenen Vulkane Soembing und Sindoro. Bull. d. Jard. bot. d. Buiten-
zorg, Série III, Vol. XI, 1930, p. 38.
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rioides, Myriactis, Nertera, Viola, Lycopodium miniatum and Carex hypso-
phylla. The Anaphalis trunks are richly coated with mosses and lichens.
Such a miniature forest has also been described by JUNGHUHN 1),

At the end of this thicket we again enter the Vaccinium forest and in a
short time we reach the top of the zigzag path leading to Kandang Badak.

2. From Kandang Badak to the crater of Gedeh.

The track to the crater leaves the path to Mt, Pangrango on the left and
tollows, gently climbing, for a time the saddle-neck between the two
mountains. Here we find the same kind of alpinoid forest as in the neigh-
bourhood of Kandang Badak; its rather impressive half-reclining tree
trunks are thickly moss-clad, see plates XIX and XX. The undergrowth is
very close and we find all sorts of herbs, as Swertia, Sanicula. Ranunculus
diffusus and various grasses and Carices : Allaeophanea is also common
and in addition we find young specimens of Albizzia, which we did not see
on the excursion to Pangrango. The wood contains also Aralia ferox.
About three quarters of an hour's march brings us to the crater's edge at
circa 2550 m altitude, and from there we descend steeply by a short path,
through a thick wilderness of Polygonum chinense, (with the galls of
Farysia emodensis), and of Rubus lineatus.

All of a sudden the vegetation changes completely. The edge consists of
a dense scrub of Vaccinium varingifolium, Anaphalis javanica and Albizzia
montana, with a few specimens of Rhododendron retusum : but a few vards
away from the edge we enter the floor of the crater with its very scanty
vegetation. Scattered about we see some of the plants before mentioned.
which, Albizzia montana excepted, assume the form of small bushes.
Albizzia presents itself in the shape of a small many-branched tree, laden
with the large fungus-galls caused by Uromycladium T'epperianum.

The soil gets barer and barer; it consists of blocks of a hard lava, of
which small and larger pieces strew the floor of the crater, On the ground
live small red liverworts : Marsupiella vulcanica and Haplozia javanica and
especially the lichen Stereocaulon graminosum, which is shown in the fore-
ground of plate XXIV ; this plate pictures one of the most barren parts of
the lava-stream. In the crevices and between the rubble the rhizomes of
the crater-fern Pleopeltis feei have fixed themselves ; the leaves of the latter
are vertically. In these places are also found small specimens of the plants
mentioned above and of Gaultheria fragrantissima and G. leucocarpa. It is
the most barren part of the mountain; besides the plants just mentioned it

bears nothing but a few individuals of Lycopodium clavatum and Gaultheria
nummularioides.

The ground rises slowly towards the edge of the crater in which volcanic
activity is still going on: the Kawah Ratu. To the South of it rises the
precipitous trachyte wall of the second crater. This wall is almost vertical,

1) FR. JUNGHUHN, Java sec. edit. s-Gravenhage, 1853, Vol. I, p. 582.
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and bears little vegetation; see plate XXII; nevertheless a number of
plants have gained a hold on its ledges and in its crevices. From the right-
hand side, i.e. the western side, an extension of the forest in the form of
small bushes advances up to this wall; its constituents are: Albizzia,
Vaccinium varingifolium, Pleopeltis [eei, Gahnia, Anaphalis, Gaultheria
fragrantissima and G. leucocarpa, Myrica and Polygonum chinense.

At the foot of this perpendicular wall the rubble lies piled up, and in the
qullies washed out by rains small specimens of Myrica grow in files; see
plate XXIII, We may conclude therefore that the seeds of this plant are
not only dispersed by birds, but also by rain-water, for it is inconceivable
that the birds would have dropped their excrements in these gullies only!
A few individuals of this tree are found here and there between the gullies.

Over the northern wall of the Kawah Ratu we reach by a steep descent
the small eastern crater, the Kawah Lanang. This crater has the form of
a shallow basin with a level bottom and steep rims. The northeasterly part
of the bottom is in the rainy season boggy, and numerous tussocks of
Carex hypsophila, mingled with a few plants of Agrostis grow there. The
opposite drier part of the crater-floor bears a quite different vegetation, to
wit, Anaphalis javanica. With many tussocks of Agrostis, I helymitra,
three kinds of Gaultheria, groups of Swertia, and Lycopodium clavatum
and L. Wightianum ; in addition plenty of young individuals of Symplocos
and Leptospermum, together with the plant-species already met with at the
beginning of this excursion. At the foot of the crag there is also some
Rubus lineatus and on the rock itself Pleopeltis feei, and Hymenolepis
spicata, besides plenty of Stereocaulon graminosum.

The Kawah Ratu is still slightly active, the Kawah Lanang is now
dormant ; both these craters however have been very active in earlier days
and have belched forth huge lava-streams, one of which can still be traced
down to the hot springs on the road of Tjibodas to Kandang Badah at
about 2200 m altitude. The lava-streams are as yet little weathered and but
thinly covered with vegetation. At this lava-stream, as in other spots in the
crater there grow specimens of Gahnia javanica 1 have found here also a
male individual of Nepenthes gymnamphora ; in spite of repeated efforts |
have not been able to find a second specimen of this plant.

We return to Kandang Badak by the same way.

3. From Lebak Saat to the Kawah Wadon and back across the crater
field of Mt. Gedeh.

The laboratory of Lebak Sait (plate XXVI A) stands at the margin
of the rich alpinoid forest which we have described already ot the neigh-
bourhood of Kandang Badak. In front of the laboratory the forest has been
cleared for a few dozen yards, and from there eastwards there is a level
part with a sandy soil, in which a few deep channels of brooks, mostly dry,
have been washed out. We here find a vegetation consisting of the usual

crater-plants, but in a very special form: the trees are thin-stemmed, rising
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up to 6 m high, and are fairly wide apart. As a result the ground is lightly
shaded and yet it is not closely covered with herbs, In and along the chan-
nels of the brooks the ground is overgrown with the bright-green liverwort :
Haplozia vulcanica and the undergrowth is again made up of young
specimens of the trees composing the forest: Vaccinium varingifolium,
Rhododendron retusum, Symplocos sessilifolia, Rapanea avenis and Lep-
tospermum javanicum in great abundance; in addition also the shrubs
Gaultheria leucocarpa and G. fragrantissima and Rubus lineatus. Schef[lera
lucescens occurs here also. The hemiparasitic Scurrula lepidota is very
common. 'he stems of trees are heavily loaded with mosses and liverworts ;
of the latter it is especially the orange-brown Mastigophora diclados which
forms thick cushions. Epiphytic ferns too are very common, for instance
several species of Hymenophyllaceae, especially the smaller forms,
Epiphytic orchids are also frequent. As herbs there are present Crawfurdia
trinervis, Myriactis, Gahnia and two Lycopodia, to wit Lycopodium
clavatum and L. volubile ; the latter climbs high up in the small trees. This
level stretch is not very extensive and only some 200 m broad ; to the south
it is bounded by the usual alpinoid forest, to the north by a younger forest
with an uncommonly thick undergrowth of ferns, On making one’s way
up in one of the dry gullies, one gets into the bed of the Tji-Saét, a gulch
strewn with boulders, but carrying water only after heavy showers. This
river rises at the bottom of the crack which forms the Kawah Wadon. All
sorts of crater-plants are found along its banks; Albizzia montana grows
there also and large tussocks of Gahnia and of Dianella javanica with its
pale-blue flowers, which only occurs in a few places on this mountain. The
bottom of the channel consists of white sand ; the boulders are covered with
lichens; here and there are found large specimens of the otherwise
epiphytic orchid: Dendrobium Hasseltii, not with pendulous but with
rigidly upright twigs. Slowly we ascend over the big boulders and reach
the end of the chasm after half an hour's walk, having noticed the still
strong activity of the solfataras. We leave the gully and ascend on the east
side of the crater a lava-stream with but little plant-life on it, and force our
way through small shrubs of Vaccinium varingifolium and Rhododendron
retusum up to the ridge. The latter is covered with dense brushwood, where
we find also plenty of Myrica javanica and Albizzia montana. This lava-
stream is cut through by the crater chasm, so that we can bend our way
south above this chasm, thus reaching the craters of Gedeh referred to in
the previous excursion, and thence return home. The whole of the lava-field
bears the same plants that have been enumerated in the description of that
excursion, all of shrub-like habit. Occasionally they form a thick brush-
wood, but many places are but thinly covered with vegetation.

4. From Kandang Badak to the summit of Gedeh and back through

the crater.

At the start we follow the path that leads to the crater, see excursion 2,
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but soon we have to take to the right. The path runs in a southerly
direction, rising at first slowly and then more quickly, so that we climb the
western slope of Gedeh in a slanting line. At first the forest remains in the
main similar to that in the neighbourhood of Kandang Badak, but when we
have climbed about 100 m we see that the aspect of the forest gradually
changes, chiefly because the mosses, both on the ground and on the trees,
become less abundant. In spite of this change the composition of the forest
remains nearly the same; neither does the undergrowth, which is very
dense, show a different aspect from that in the forest already described. At
2600 m altitude the scarcity of mosses grows ever more noticeable, the trees
become thin-stemmed, and less copiously ramified, so that the forest makes
a more European impression. The undergrowth consists largely of Ardisia
javanica, and of young individuals of the forest trees; that Gaultheria
leucocarpa begins to show itself is a sign that the vault of foliage becomes
less dense and that more light reaches the ground. The stems of the trees
are covered with large crusty lichens, and this too is a sign that the forest
becomes less dense., Meanwhile the path is getting continually steeper and
bends to the S.E. The trees are getting still sparser, and they ramify nearer
the ground, whilst some species of trees namely Vaccinium varingifolium,
Rhododendron retusum and to a slightly less degree Symplocos sessilifolia
become more frequent. The herbaceous vegetation gets thinner too and
consists mainly of certain species of Carex, Swertia, Sanicula, Myriactis,
Nertera and a few ferns. Epiphytes occur sparingly in this forest. Here and
there one already perceives a few specimens of Anaphalis.

Gradually this forest merges into the vegetation at the base of the crater-
ridge. We have now reached an altitude of about 2800 m. The forest
consists in the main of Vaccinium and Rhododendron ; other tree-species
occur sporadically. The trunks are slender and usually free from mosses,
though crusty Hepaticeae and Musci frondosi still occur; lichens on the other
hand are very abundant; see plate XXI. The ground is scantily covered,
bearing small dense-leaved individuals of Sanicula and further here and
there various other herbs particular to the mountain forest. Valeriana,
Anaphalis, Cardamine africana and Swertia are among the most common
plants. Nertera is also plentiful here and there, but the herbaceous under-
growth gives nevertheless an impression of poverty. This forest accom-
panies us up to the crater-edge, where we are about 2850 m above sea-
level.

Comparing the vegetation at the same altitude of Pangrango and of
Gedeh, we find on the former mountain a dense luxuriant moss-clad forest,
and on Gedeh a thin-stemmed, sparse forest, without any moss-growth
worth mentioning. Climatic differences cannot be the cause of this
disparity, and we shall have to find its explanation principally in the
difference in age of the forest, and in the nature of the soil. The
Pangrango forest is very old and the soil is covered with a thick layer of

humus, whilst on Gedeh the soil consists of but slightly weathered lava
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covered with such a very thin layer of humus that the lava pierces every-
where through it. This part of the mountain has moreover suffered
severely from eruptions, which not so long ago were still very violent.

Emerging from the forest we suddenly come upon the edge of the deep
crater-pit and by way of this ridge we can reach the summit. The flora
now becomes very poor, small shrubs of Vaccinium varingifolium, Rho-
dodendron and Anaphalis and bushes of Myrica occur everywhere in the
bare rocky soil. The branches of the plants are hung all over with thick
fringes of beard-moss, Usnea, in various species. Especially in the highest
parts of the top, which command a splendid panorama of the entire
surrounding country, the vegetation becomes very poor, and the plants
look starved. Gaultheria nummularioides grows between the shrubs and
other Gaultheria species represented by very small specimens are also
found; further some isolated very thin tussocks of Carex hypsophylla,
Agrostis and Calamagrostis and Gahnia and plants of Polygonum
chinense. But all shrubs and bushes here bear flowers, for instance
Anaphalis 30 cm high, Vaccinium and Rhododendron plants 40 cm high
are already flowering plentifully. The soil is covered thickly with Stereo-
caulon graminosum. From the ordnance-survey pillar the path runs N.E.
and eventually N., closely following the rim of the crater basin. Little by
little the vegetation becomes somewhat richer and the forest covering this
ridge is in many respects like that described of the opposite slope, except
that we find here a fairly large number of individuals of Dianella javanica.
At the end of this path we find, attached to a small tree, a chain by means
of which one can clamber down the 5 m more or less, of precipitous
rockwall.

Thus one gets to the most easterly part of the crater-basin, a rocky
waste with a dense vegetation of Vaccinium and other crater-plants. Pro-
ceeding further West one soon arrives at the barer part of the crater-basin
and reaches at last the Kawah Ratu, whence one goes home, along the way
already described.

5. From Kandang Badak to the crater-basin of Mt. Gedeh, and back
by way of the eastern edge of that crater.

We follow the route of excursion 2 as far as the E.-end of the Kawah
Lanang and then follow the lava-stream upwards in a n.-easterly direction.
At first we proceed through sparse Vaccinium bushes, which soon get closer
together and are mixed with Myrica and plenty of Albizzia, all thickly
veiled with Usnea. This forest, though made up of small thin-stemmed trees
about 3 m high, soon becomes so dense that one has to cut one’s path with
a chopper. A strikingly large proportion of Gaultheria fragrantissima, here
developed into small trees with slender stems about 8 cm in diameter at the
base, is characteristic for this forest. In open spaces Stereocaulon grows on
the bare soil, together with Anaphalis-shrubs. Finally one gets in a small
ravine stretching in a curve, first in a northerly and then in a north-westerly
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direction, wherein a narrow brook flows which tumbles down in cascades.
The edges of the ravine are covered with young alpinoid forest, but the
central part is pale with Anaphalis. Carex, Agrostis and Calamagrostis
occur here also and form dense associations: in more open parts grows the
white moss Rhacomitrium lanuginosum, while Gentiana and I'helymitra
also occur abundantly. Plagiogyria too, is common here. together with
various sorts of herbs, such as Valeriana, Myriactis, Viola and Ranunculus
javanicus. 1 looked however in vain for Primula. The gully is very moist,
and Anaphalis is thickly covered with mosses and lichens.

This part of Gedeh is practically never visited. The ravine ends South-
West of Gunung Sela, and from this point we turn into the Vaccinium-
forest, which stretches in a westerly direction on the slope of the lava-
stream, and thus we reach the steep lava-field North of the Kawah Wadon.
by which we descend to the dry bed of the Tji-Sait.

6. From Kandang Badak to the summit of Gedeh and to Gunung
Gemuruh.

We ascend Mt. Gedeh until we have reached the ordnance-survey pillar
(see excursion 4). From here we get a splendid view of the cone of
Pangrango to the West, and of the aloon-aloon of Mt. Gedeh to the South.
From the triangulation pillar a footpath descends steeply to the lowest point
of the aloon-aloon which lies some 200 m below the summit of Gedeh.
There is a brook here flowing from East to West: at the Western end
this brook, called the Tji-Gunung, has worn out a deep channel and finally
leaps down into a inaccessible precipitous ravine. In the rainy season this
brook holds far more water than the Tji-Kuripan in the crater-gorge of Mt.
Pangrango, but in the dry season it is mostly dry. The slopes on either
side, both of Gedeh and of Gemuruh, are entirely covered with a dense
alpinoid forest ; that on the top-ridge of Gedeh is young, thin-stemmed and
not a real moss-clad forest. The central part of the aloon-aloon is entirely
grown over with Anaphalis, and viewed from above it makes a strange, pale
etfect. In 1914 a part of the alpinoid forest at the western end of Gun.
Gemuruh was destroyed by a forest-fire, and since then a thick scrub
wilderness of Anaphalis has sprung up (see plate IV) which in course of
time will make place once more for forest.

The ground in the middle consists of rubble, and is just as barren as
that near the brook on the top of Pangrango. The Anaphalis plants here
are small, not above 50 to 60 cm in height, and the soil is covered
throughout with Stereocaulon graminosum and especially with Rhacomitrium
lanuginosum. This moss forms smaller or larger sods among the Anaphalis,
see plate XXX B; and where Anaphalis is failing, large stretches are
covered exclusively with this moss. Seen from above such parts give the
impression of a ground covered with salt crusts.

In the central part of the aloon-aloon the same plants are found which
occur in the crater-valley of Pangrango, with the exception of Primula: in
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marshy patches as well as in drier parts here and there Laurembergia is
found with peculiar mite-galls, see figure 39.

At the Western extremity, where the brook flows through a deep gully,
a fairly rich flora has developed along its banks. Ranunculus javanicus,
Scirpus fluitans and numerous other herbs with which we are already
familiar, are quite common here.

We follow the footpath which bends away to the South and having
clambered up a steep slope we reach the ridge of Mt. Gemuruh. On the
southside of this path a cottage of the mountainsports club has been built.
To the West goes a footpath in the direction of the small town of Suka-
bumi. We follow the path along the top-ridge of Mt. Gemuruh, from where
we have a view of the aloon-aloon; see plate XXV. This path rises and
descends as it follows the mountain ridge which encloses the aloon-aloon in
a wide circle. The forest on this ridge is very dense and old, a genuine
moss-clad forest; but it is not so luxuriant as that on Mt. Pangrango.

A few hundred yards from the point where we struck the ridge, there is
a cave of masonry in the mountain-wall, some 5 m deep, described already
by JuNGHUHN 1). This cellar was built at the suggestion of Mr. DIARD for
keeping the eggs of silk-worms at a low temperature. The Government of
the Neth. Indies had introduced the silk-culture, but as the cocoons were
getting smaller and smaller, some remedy had to be found. Mr. DIARD
suggested that this deterioration could be prevented by storing the eggs for
a few months at a constant low temperature (in the cellar the temperature
was about 10° C.). As this method, however, did not lead to any results
the vault was soon abandoned. At present the natives, who no longer know
for what purpose it was originally used, sacrifice there.

To the end of the ridge we remain in the forest. Here however where it
dips into the eastern part of the aloon-aloon, it becomes thinner-stemmed
and less mossy. In this part Elaeocarpus acronodia is very common, but
otherwise we find here the same plants as in the moss-clad forest of
Mt. Pangrango.

The end of the aloon-aloon is closely covered with low brushwood, the
soil underneath being clothed with Lycopodium clavatum. From this point
we follow the central part of the aloon-aloon and finally we reach the
footpath leading up the slope of Mt. Gedeh, by which we return home.

7. To the old crater of Mt. Gedeh.

Near the Lebak Sait laboratory a more or less horizontal open space
forms the remnant of an old crater, which is now almost entirely covered
by lava-streams ejected by younger eruption points. This place is reached
by passing through the Vaccinium-forest in front of the cottage, and then
descending by one of the dry gullies, not towards the East, but towards the

1) FR. JUNGHUHN, Topograph, u. Naturwiss. Reisen durch Java. Magdeburg, 1845.
p. 481,
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North-West. After pushing our way for a few hundred yards through a
dense alpinoid forest, we come upon a rather bare part, mostly level, but
with some deep water courses with steep banks. This level stretch bears a
few Albizzias, most of them dead, and a close vegetation of Anaphalis. It
is surrounded by the usual alpinoid forest and seen from the higher points
it shows like a pale-grey field in the midst of the dark-green forest. Along
the latters fringe Leptospermum flourishes in special abundance.

On the ground the same flora is found as in the crater-valley of Pang-
rango and on the aloon-aloon of Gedeh. The soil here is also broken and
stony, and bears plenty of Stereocaulon and Rhacomitrium and many herbs
such as Gentiana, Myriactis, Thelymitra, Swertia, Agrostis and Calama-
grostis, Gahnia, Carex hypsophila, Lycopodium clavatum and L. Wigh-

tianum.

8. From Lebak Sait via Gunung Sela to T jibodas.

We follow the dry boulder-filled gully of the Tji-Saédt and turn to the
left of the Kawah Wadon to begin our ascension, (see excursion 3), but
this time we do not take the right-hand path, but penetrate in the Vacci-
nium forest by a footpath to the left. This forest consists of the usual
elements, and is very dark ; the trees are thin-stemmed and not very thickly
covered with mosses. We follow the crest to the Anaphalis ravine which
we visited on excursion 5; we cross it and enter once more a Vaccinium
forest; the path first mounts and then descends steeply over large blocks
of lava thickly overgrown with mosses and ferns, and ultimately we come
into a ravine under the perpendicular bare southern wall of Gunung Sela.
This wall we follow in a westerly direction until it gets less steep and
becomes covered with forest, and there we can ascend steeply to the ridge
of Gunung Sela, which runs from West to East and is covered with dense
alpinoid forest. Turning to the right we reach the extremity of the ridge
where we get a wide view, especially over the crater basin of Gedeh itself.
On turning to the left, and fellowing the steep rim, we reach a point from
where a ridge leads to Tjibodas; here some thin logs have been laid down
along the wall to allow the passage from the rim of Sela to the top of the
ridge. From there one may descend very steeply over big lava-blocks and
through a dense alpinoid forest. The ridge is entirely covered with
Leptospermum trees. Seen from above in the flowering season the forest
looks as if snow clad. This forest is very dense, and the luxurious under-
growth consists among others of Plagiogyria pycnophylla and P. glauca.

This is a practically unvisited part of the mountain ; wild hogs and deer
are very common, and the lairs of the former made of heaped up leaves can
be frequently observed ; panthers occur here also. After descending a few
hundred yards we reach a comparatively level part in which many tracks
have been laid out. We find here in the alpinoid forest a large number of
trees belonging to those to which by S. H. KOORDERS in 1890 number

plates were attached. From here a steep path leads along the place
Verhandel. Afd. Natuurkunde (Tweede Sectie) DI XXXL 5
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formerly occupied by the shooting-box “Huis ten Bosch” to Tjibodas,
taking us out of the fourth zone of JUNGHUHN into the third. We get now
the same series of changes as we found in setting forth from Tjibodas to

Kandang Badak, but now in inverse order.

PHANEROGAMS, OCCURRING ON THE HIGHER PARTS OF
MOUNT PANGRANGO-GEDEH.

GYMNOSPERMAE.

1. Podocarpus imbricata BL.
2. Cupressus sempervirens L.

MONOCOTYLEDONAE.
GRAMINEAE.

. Agrostis infirma BUESE 1),
Calamagrostis australis BUESE.
Isachne albens Trin.

. Isachne pangerangensis Z. et M.
. Poa annua L.

Poa trivialis L.

CYPERACEAE.

9. Carex baccans NEES.

_Cﬂ"-.'lﬂ""-'_-.}l:-hw

10. Carex hypsophila MIq.

11. Carex longebracteata STEUD.
12. Gahnia javanica Z.. et M,
13. Scirpus }luitans L.

LILIACEAE.
14. Dianella javanica KUNTH.
15. Disporum chinense DoN,.

ORCHIDACEAE.

16. Calanthe abreviata LINDL.

17. Ceratostylis latifolia BL.

18. Ceratostylis simplex BL.

19. Coelogyne miniata LINDL.

20. Dendrobium cymbidioides LiNDL,
21. Dendrobium gracile LINDL.

22. Dendrobium Hasseltii LINDL.
23. Dendrobium Jacobsonii J. J. S.
24, Dendrobium Kuhlii LINDL.

25. Dendrochilium cornutum J. J. S.
26. Eria appendiculata LINDL.

27, Eria floribunda LINDL.

28. Eria multiflora LiNDL.

29. Goodyera bifida BL.

30. Myrmechis glabra BL.

31. Myrmechis gracilis BL.

32. Oberonia Costeriana J. J. S.

33. Phajus flavus LiNDL.

34. Pholidota globosa LinDL..

35. Platanthera Blumei LINDL.

36. Taeniophyllum glandulosum BL.

37. Taeniophyllum tjibodasanum
). | S.

38. Thelymitra javanica BL.

DICOTYLEDONAE.

PIPERACEAE.

39. Peperomia reflexa DIETR.
40. Piper arcuatum BL.

MYRICACEAE.

41. Myrica javanica BL.

URTICACEAE.

42. Cypholophus lutescens WEDD.
43. Elatostema pedunculosum Miq.
44. Pilea trinervia WIGHT.

FAGACEAE.

45. Fagus silvatica L.
46. Quercus pallida BL.
47. Quercus spicata SMm.

LORANTHACEAE.
48. Scurrula lepidota G. Don.

BALANOPHORACEAE.
49. Balanophora elongata BL.

1} The names of the plants growing also on the summit of Mt. Pangrango are

printed in italics.
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POLYGONACEAE.

50. Polygonum chinense L.

51. Polygonum longisetum DE BR.
52. Polygonum paniculatum BL.
53. Rumex alpinus L.

CARYOPHYLLACEAE.
54. Cerastium caespitosum GILIB.

55. Drymaria hirsuta BARTL.
56. Stellaria media L.

RANUNCULACEAE.

57. Anemone sumatrana DE VRIESE.

58. Clematis Leschenaultiana DC.
59. Ranunculus diffusus DC.
60. Ranunculus javanicus REINW,
61. Thalictrum javanicum BL.

MAGNOLIACEAE.
62. Kadsura scandens BL.

LAURACEAE.
63. Litsea cubeba PERs.
64. Litsea javanica BL.

CRUCIFERAE.

65. Brassica oleracea L.

66. Cardamine africana L. subsp.

borbonica O. E. ScH.
67. Cardamine hirsuta L.

NEPENTHACEAE.
68. Nepenthes gymnamphora NEES.

SAXIFRAGACEAE.

69. Astilbe indica BL.

70. Dichroa febrifuga LouRr.
71. Hydrangea oblongifolia BL.
72. Polyosma ilicifolia BL.

ROSACEAE.

73. Cotoneaster species.

74. Fragaria vesca L.
75. Neillia thyrsiflora DoN.

76. Photinia Notoniana W. et A.
77. Pirus malus L.

78. Rosa canina L.

79. Rosa rubiginosa L.

80. Rubus alpestris BL.
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81. Rubus fruticosus L,
82. Rubus Hasskarlii Miq.
83. Rubus lineatus REINW.

LEGUMINOSAE.
84. Albizzia montana BTH.

OXALIDACEAE.

85. Oxalis corniculata L.

EUPHORBIACEAE.

86. Daphniphyllum glaucescens BL.
var. Blumeanum J. |. S.

CELASTRACEAE.

87. Perrottetia alpestris LOES.

ACERACEAE.
88. Acer niveum BL.

BALSAMINACEAE.
89. Impatiens cyclocoma Miq.

00. Impatiens javensis STEUD.

ELAEOCARPACEAE.
91. Elaeocarpus acronodia MAST.
92, Elaeocarpus punctata HASSK.

THEACEAE.

93. Eurya acuminata DC.
04, Schima Noronhae REINW,

GUTTIFERAE.
95. Hypericum Leschenaultii GAUD.

VIOLACEAE.
96. Viola odorata L.
97. Viola pilosa WALL.

BEGONIACEAE.
08. Begonia isoptera BRYAND.

99. Begonia robusta BL.

MYRTACEAE.
100. Eugenia jamboloides K. et V.
101. Leptospermum javanicum BL.

| MELASTOMATACEAE.
| 102. Astronia spectabilis BL.
' 103. Melastoma setigerum BL.

ONAGRACEAE.
| 104. Oenothera species.
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HALORRHAGIDACEAE.

105. Laurembergia coccinea KANITZ.

ARALIACEAE.

106. Aralia ferox MIQ.

107. Schefflera lucescens KOORD.
108. Schefflera rugosa HARMS.

UMBELLIFERAE.
109. Pimpinella Leeuweni W OLFF.

110. Sanicula europaea L.

ERICACEAE.

111. Diplycosia heterophylla BL.

112. Gaultheria fragrantissima
WALL. var, punctata . ]. S.

113. Gaultheria leucocarpa BL.

114. Gaultheria nummularioides
Don.

115. Rhododendron javanicum BENN.

116. Rhododendron retusum BENN.

117. Vaccinium laurifolium MIQ.

118. Vaccinium lucidum MiQ.

119. Vaccinium varingifolium Miq.

MYRSINACEAE.

120. Ardisia javanica DC.
121. Embelia pergamacea DC.
122. Rapanea avenis BL.

PRIMULACEAE.

123. Primula imperialis JUNGH.

SYMPLOCACEAE.

124. Symplocos sessilifolia GUERCKE.

125. Symplocos spicata ROXB.

LOGANIACEAE.

126. Geniostoma haematospermum
STEUD.

GENTIANACEAE.

127. Crawfurdia trinervis HASSK.
128. Gentiana quadrifaria BL.
129. Swertia javanica BL.

SOLANACEAE.
130. Solanum nigrum L.
131. Solanum tuberosum L.

SCROPHULARIACEAE.
132. Veronica javanica BL.
133, Digitalis purpurea L.

GESNERIACEAE.
134, Cyrtandra arborescens BL.

PLANTAGINACEAE.
135.- Plantago major L.

RUBIACEAE.

136. Argostemma montanum DBL.
137. Allaeophania rugosa HoOK.
138. Lasianthus lucidus BL.

139, Ophiorrhiza longiflora BL.

140. Nertera depressa BANKS. et SOL.

CAPRIFOLIACEAE.
141. Lonicera javanica DC.
142. Viburnum coriaceum BL.

CUCURBITACEAE.
143. Melothria punctata COGN.

VALERIANACEAE.
144, Valeriana Hardwickii W ALL.

CAMPANULACEAE.

145. Pratia montana HASSK.

COMPOSITAE.

146. Ageratum conyzoides L.

147. Anaphalis javanica SCH. Bip,

148. Artemisia vulgaris L.

149. Bidens pilosa L.

150. Blumea silvatica DC.

151. Dichrocephala chrysanthemi-
folia DC.

152. Erigeron linifolius WILLD.

153. Eupatorium pallescens DC.

154, Eupatorium riparium ENGL.

155. Galinsoga parviflora CAv,

156. Gnaphalium indicum L.

157. Gnaphalium longifolium BL.

158. Gnaphalium luteo-album L.

159. Gnaphalium species.

160. Gynura aurantiaca DC.

161. Lactuca rostrata BOERL.

162. Myriactis nepalensis LESS.

163. Sonchus asper L.

164. Taraxacum officinale L.




CHAPTER V.

ANIMAL LIFE.

“It must be admitted”, writes KONINGSBERGER !), “that this region has
thus far been very imperfectly studied. The biological exploration of these
areas is however attended with so many and such varied difficulties and
is moreover so expensive, that our knowledge can increase but very slowly™.

JUNGHUHN 2) refers in his sketch of the fourth plant-zone to a few
species of animals and their modes of life. He writes : "No living creature
is met in the forest. Nowhere the chirping of an insect is heard and nowhere
the singing of a bird is audible, — neither is it necessary to look out for
snakes. A dead silence reigns everyhere. The animal kingdom, which in
the lower zones shows such a rich variety of forms, the insect-choir, the
host of birds, it looks as if they are extinct on these beautiful cool flower-
decked mountain tops. The fauna is proportionate to the flora, the variety
of plants growing on these narrow mountain tops being also limited. lhe
number of birds and mammals living here, however, is certainly far
smaller than the variety of plants. When pushing one’s way through the
brushwood one sometimes starts a pigeon from its nest : Columba oxyura
(— Sphenurus oxyurus) and Columba porphyrea (= Ptilinopus por-
phyreus). More often one sees in the brushwood a black bird resembling
a thrush, Turdus javanicus, which is so little shy that one may get quite
near to it."

“Several of the small trees and shrubs of which the forest is made up
and Agapetes vulgaris (= Vaccinium varingifolium) and Gautiera repens
(— Gaultheria nummularioides) also bear sweet black berries, which in
addition to the fruits of Myrica javanica and of Eurya tristyla (— Eurya
acuminata) form the main food of these birds. The fine threads of the
beard-moss hanging from the twigs form with a little weaving an excellent
building material for their nests’.

He then passes on to a detailed description of the tracks trodden in these
wilds by Rhinocerosses. He describes 8) the flight of a falcon : Falco
severus, hovering over a crater, where he also sees numerous swifts on
the wing. Towards nightfall flights of yellow birds4) of the size of
canaries skirt the ground, chirping as they return to their nests. These

1) J. C. KONINGSBERGER, Java, Zodlogisch en Biologisch. Buitenzorg, 1911—1915,
p. 617.

2) FR. JUNGHUHN, Java, Second edition, Vol. I, 1853, p. 608.

3) FR. JUNGHUHN, Java, loc. cit. p. 613

4)  FR. JUNGHUHN, Java, loc. cit. p. 614.




70 BIOLOGY OF PLANTS AND ANIMALS

birds are very likely white-eyes, Zosterops [allax, now Oreosterops java-
nica frontalis. A small carnivorous animal : Mustela henrici is, according to
JUNGHUHN, also commonly found.

In later days also naturalists did not report much about animal life and
they have left our knowledge as yet very incomplete. But I too am not in a
position to furnish a complete survey. The object of my study was an
investigation of the pollination and I have consequently occupied myself
chiefly with the animals playing a part in it. But on the frequent occasions
when I stayed in these parts and on my excursions through the mountain
forests I have made observations on other animals also, which ; though far
from complete, may be incorporated here. Particulars relating to the pollina-

tion of flowers and to the dispersal of seeds by animals are to be found in
chapters VII and VIIL

The number of animal species found at these altitudes is comparatively
small. Several of them are not confined to these parts but occur also in lower
regions ; they visit the mountain tops when there is food to be found for
them. As we have seen many plants occur as high up as Kandang Badak,
but are absent above that altitude, and the same applies to animals ; in the
vicinity of Kandang Badak animal species occur which are not found at
higher altitudes or which are at least rare.

THE MAMMALS.

Three kinds of monkeys live in the forests above Tjibodas. The Java
Gibbon, Hylobates leuciscus is not uncommon, but it usually keeps to the
denser inaccessible parts of the primeval forest. On their rambles groups of
these small apes get in the neighbourhood of Kandang Badak ; I have thus
far not seen them higher up, but, when one stays on the top, one hears their
cries rising up from below. Of course it can not be inferred with certainty
that these animals do not visit the higher parts, for they are capable of
travelling over long distances. In the more open forests in the neighbour-
hood of the top they do not however find the same conditions of life, food
and security, as are afforded to them by the denser forests of lower
altitudes. The cause of their absence from the forests round the top is
probably to be looked for in reduced security and not in scarcity of food,
for a large number of the trees existing there bear edible fruits.

The two species of monkeys : Pithecus pyrrhus sondaicus (= Pithecus
maurus) and Pithecus aygula (= Pithecus mitratus) seldom occur above
1800 m. I never saw these monkeys at Kandang Badak ; they too seem
to feel more at home in the dense forests in the lower zones.

The large Javanese deer Cervus hippelaphus and the Muntjak (Muntia-
cus muntjak) often visit the highest tops. Their droppings can be found
there. but the animals are rarely seen. Only once I saw two large deer
crossing the crater valley of Pangrango and disappearing into the forest,
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and once | observed in that part a muntjak. On the grass-covered tops in
Fast-Java tor instance on Mt. Hijang, as JUNGHUHN 1) reports, deer used
to be common, but they have been almost entirely exterminated and are
now seldom seen; on the Hijang plateau however they are at present
increasing again.

Wild boars are still very common in unfrequented parts. In the thick
wildernesses of the northern slopes of Gedeh and especially on the slopes
of Gunung Sela, a tract hardly ever visited by man, numerous lairs can
be found. These nests are built up of leaves, of ferns especially of the
very common Lomaria vestita and of species of Carex. In a large circle
round the nest the leaves of the ferns are bitten off close to the rhizome,
and the Carex stalks near the ground, and this material is heaped in a
low pile. The female gets underneath and makes a sort of couch in w<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>