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Abstract

The development, diversity, vertical distribution and other ecological aspects of epiphyte

communities were studied on the Krakatau Islands, Indonesia, which exhibit a primary succession

since a catastrophic eruption in 1883. Compiled flora of epiphytes recorded in the studies from 1886

to 1993 by us and many scientists had 108 species in nine and six families offern and seed plants,

respectively, on the four islands of Krakatau: Rakata (98spp.), Sertung (32spp.), Panjang (28spp.)

and Anak (7 spp.). The most diverse family in species number in epiphytic seed plants was

Orchidaceae consisting of 37 species, followed by Asclepiadaceae and Moraceae with 8 and 6

species, respectively. The epiphytes occupied 5% of flora of the islands in the early 30 years after

the eruption, and 20% in recent.

Our quantitative study in five plots from 10 to 700 m altitude on Rakata Island with summit of

813m in altitude showed that the fern epiphytes were more abundant than the seed plants. Upland

had more epiphytes than lowland. In the lowland, epiphytes grew chiefly in the canopy layer and on

the basal parts of the trees. The population of epiphytic fern Antrophyum decreased from the base of

trunk to the canopy, whereas the population of orchids increased. Most of woody hemi-epiphytes,

such as Clidemia hirta and Sche,伊era polybotrya preferred trunks and were found rooted in forks

and crannies filled with humus.
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Intro duction

Epiphytes consist of some species of algae, bryophytes, lichens, fems and

spermatophytes. They have been distinguished from parasites and hemi-parasites by

their ability to collect water and minerals丘om the air (Hosokawa 1968, Ruinen 1953).

Although epiphytes are relatively small components among forest communities, they

play an important role in characterizing tropical rain forests by having a specific

nutrient cycle and life-support systems. For example, Nadkarni (1984), who studied

the biomass and nutrient capital of vascular epiphytes in a neotropical elfin forest in

northern Andes, reported that epiphytes produce relatively high amount of organic

matter and had ability to fix atmospheric nitrogen. Benzing (1983) emphasized that

tank epiphytes such as aroids, bromeliads and ferns are also very important in creating

hiding and breeding sites for arboreal forest insects and amphibians. In spite of their

importance in forest ecosystems, epiphyte communities have seldom been studied in

relation to the tropical rain forest succession (Whitmore 1975, 1984, Whtttaker et at.

1989).
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The development of epiphyte communities on the Krakatau Islands, Indonesia have

been paid little attention in the studies of re-colonization processes by plants and

animals after the world famous volcanic eruption m 1 883 except occasional collection

of epiphyte specimens during general floristic surveys (e.g. Docters van Leeuw召N,

1936). The only notable field survey was performed by Foster (1982), who recorded

the altitudinal variation of the bryophytes on Rakata, one of the four Krakatau Islands in

1979. In contrast, the structure and development of tropical forest have been studied

intensively on the Krakatau Islands, particularly in the past two decades (Tagawa et at.

1985, Whittaker et al. 1989, Bush et al. 1992, Partomihardjo et al. 1992,

Partomihardjo 1995 and Whittaker et at. 1992). These studies now provide us with

useful information about host plant species which can be substrates for epiphytes to

grow in various places on the islands.

In order to know the re-colonization process of the Krakataus by plants and

animals more precisely, intensive studies on epiphyte communities cannot be put on the

side since they have close relationships with other plant communities and their

associated animals. Such studies would contribute to the accumulation of general

knowledge concerning the process of species enrichment in tropical forests. From these

points of view, this paper reports the development, diversity, vertical distribution and

other ecological aspects of vascular epiphyte communities on the Krakatau Islands.

STUDY SITES

The islands and eruption
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Fig. 1. Map of Rrakatau Islands. Squares and triangles show study plots and summits,

respectively.
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The Krakatau Islands are situated about in the middle of Sunda Strait between the

West Java and South Sumatra (Fig.1). The Islands consist of four small islands i.e.

Rakata, Panjang, Sertung and Anak Krakatau. The fonner three islands were remains of

old Krakatau Island after the catastrophic eruption in 1883. Anak Krakatau appeared

above sea level in the 1930s by submarine volcanic activity.

Vege tation succession

After the catastrophic eruption, many flonstic surveys have been performed on the

islands. Most scientists believed that Rakata, Panjang and Sertung had been sterilized by

the 1 883 eruption (Docters van Leeuwen 1936, Boorsum Waalkes 1960, Richards

1964, 1996, Whittaker and Bush 1992). However, Ernest (1908) suggested that the

mantel of ash also provided a fertile substrate for colonization.

The first higher plants recorded from the three islands were 1 1 species of ferns and

13 species of spermatophytes. Gradually the islands accumulated a cover of grasses and

scattered trees. By 1908, an open woodland existed along parts of the coast and the

interior grassland was broken by patches of woodland consisting abundant Ficus^ルIva

and Macaranga tanarius. The lowland forest of the three islands had similar succession

paths over the first 50 years.

Rakata appeared to have advanced slightly to the closed forest by the end of 1920s.

By the early of 1930s, Rakata was more or less completely forested with the most

dominant trees species, Neonauclea calycina (Docters van Leeuwen 1936,

Whittaker et at. 1989). On Rakata, a gradual change took place over the period from

1951 to 1983 from a poor mixed secondary forest to a taller forest with more diverse

canopy. Neonauclea calycina still has been a principal canopy trees, being distributed

from the coast to just below the summit. This vegetational development was

accompanied by an increase of host plant species and provided epiphytes with diverse

habitats.

Contrary to Rakata, forests were lower and less diverse on Panjang and Sertung,

since these islands had been disturbed by eruptions of Anak Krakatau. Consequently,

the vegetation succession on Panjang and Sertung is characterized to丘agment, chronic

and extensive disturbed, which mostly dominated by Timonius compressicaulis and

Dysαり′turn gandichaudianum. In the coastal flat area, the forests consisted of the beach

vegetation and typified by Terminalia catappa, Calop勿′Hum inophyllum, Barringtonia

asiatica and Hemandia peltata (Docters van Leeuwen 1936, Boorsum Waalkes

1960).

The vegetation of Anak Krakatau has been restricted to eastern coast of the island,

consisted mainly of Casuarina equisetifolia mixed with some young coastal trees such

as且asiatica, C. inophyllum and T. catappa.

Me te orological data

Only a few meteorological data are available for the Krakatau area. The data taken

on Panjang in 1923 indicated that the mean monthly temperature was almost constant

throughout the year,てanging丘0m 26.9- C in July and December to 28.7- C in October
(Baren 1931). A series of temperature and humidity readings was taken on Rakata in

September 1979 by Foster (1982). The lapse rate of mean annual air temperatures with

altitude was calculated to be 0.8 C/lOOm based on the 75 cm depth sou temperatures in

various places at different altitudes (Whittaker et at. 1989). The gradient in relative
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humidity indicated a fall丘om about 95% R.H. (relative humidity) at the summit to 75 -

80% R.H. in the lowland forest, and a further decline from the forest area to beaches

(Foster 1982).

Methods

Literature surveyfor earlier colonization by epip勿/tes

In order to know the process of re-colonization by epiphytes until 1993, the

following literature including floristic studies on the Krakataus was surveyed: Docters
van Leeuwen 1936, Borssum Waalkes 1960, Foster 1982, Whittaker et at. 1989,

Whittaker and Bush 1993, and Partomihardjo 1995.

Stu功′plots andfield surveys

Nearly every year from 1982 to 1994, the first author visited the four Krakatau

Islands for plant ecological and flonstic studies, including epiphyte flora. The

quantitative ecological study of epiphytes was conducted in the following plots on three

islands (Fig. 1). On eastern side of Rakata, four study plots of 30 x 30m were

established at 10, 100, 300 and 500m above sea level (asl) and one plot of20 x 20m at

700m asl in July 1992. On the southwestern side, two plots of20 x 20m were set up at

50 and lOOm asl. Two plots of20 x 20m were made at 100 and 150m asl on Sertung,

and three on Panjang at altitudes of50, 100 and 150m asl.

Observation was made on the occurrence of the vascular epiphytes on all trees

bigger than 10 cm diameter at breast height (dbh) within the plots. The number of

individual epiphytes of each species, percentage cover and the distribution on each tree

were recorded. Similar measurements were also made on s叩Iings between 1 and 9.9 cm

in dbh. Herbarium specimens of both epiphytes and host plants were collected for

identification. The population of vascular epiphytes associated with each tree was

assessed in terms of flonstic composition, size and distribution on the tree. The size of

the epiphyte population was noted in terms of the number of individuals of each species

present. For observations on distribution, the trees were divided into three epiphytic

habitats: base of trunk, upper trunk, and crown. A single species clump was recorded as

a single individual.

Results

Colonization勿′ epip勿′tes

In 1 886, hemi-epiphytic fern, Nephrolepis biserrata (Sw.) Schott was first found

on the ground of Rakata Island (Appendix). The first seed epiphyte known to have

arrived on the Krakataus was an orchid, Cymbidium finlaysonianum, a common

epiphyte throughout the Indo-Malayan region, hi 1896, Boerlage collected the

specimen from a rock wall of Paryang and planted it in Bogor Botanical Garden for

identification (Docters van Leeuwen, 1936). This species is not common on the
Krakataus even now.
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Tablel. Species numbers offern, orchids, and other seed plants on the Krakatau islands found in

血e血ree periods.

Fourislands Rakata Sertung Panjang Anak

1886-1933

Fern

Orchid

Others

Tota1

1886-1982

Fem

Orchid

Others

Total

1886-1993

伯完fill

Orchid

Others

Total
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Actual and cumulative number of epiphyte species on the four Krakatau Islands

from various expedition records is summarized in Fig. 2. In 1993, the actual and

cumulative species number on the islands was 81, and 108, respectively (Appendix).

Table 1 shows the change in species numbers of ferns, Orchids and others with time.

Since the eruption in 1883, 49 fems, 37 orchids, and 22 other spermatophytes have

appeared on the islands. Over the period from 1922 to 1982, the rate of discovery of

new epiphytes was relatively slow, compared to the total enrichment of vascular plants

on the islands (Partomihardjo 1995). However, intensive field surveys by the authors in

1991 and 1992 increased the discovered species: six species of vascular epiphytes

consisting of four orchids, Eria verruculosa, Flikengeria angustifolia, Glomera

erythrosma, Pholidota articulata and two fems A甲Ienium tenerum and Oleandra

neriiformis, were newly recorded in these years. Based on herbarium collections, the

two orchids, E. verruculosa and G. erythrosma are otherwise known so far only from

Java.

Fig. 2-c shows the historic change of the percentage of epiphytes in the species

number of all fems and seed plants by Partomihardjo (1995) in cumulative and actual

value. Before the 1920s, the percentages were around 5%. ARer the 1920s, epiphytes

occupied about 15% and 20% of cumulative and actual species number of all plants.

The increase of epiphyte percentage roughly coincided with the establishment of closed

forest in most areas ofRakata in the 1930s (Docters van Leeuwen, 1936).

On Anak Krakatau Island, Dendrobium crumenatum was the first epiphytic seed

plant recorded, and was found growing on the wall of cliff in an open area, whilst Hoya

diversifolia was an early epiphytic colonizer growing on Casuarina trees

(Partomihardjo 1995). In total, we found seven epiphyte species on Anak, and they were

also found in every islands of the Krakatau (Appedix). Most of them were found

growing on the ground surface due to the limited availability of their usual tree habitat.

For example, A. javanica and C. flnlaysonianum were found growing at the bases of

Saccharum spontaneum clumps, whilst D. denticulate and D. quercifolia were found on
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the forest floor oi Casuarina woodland. An epiphytic fern, Pyrrosia lanceolata began to

colonize the stems of Casuarina trees by 1990.
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Fig. 2. Colonization curves of vascular epiphytes on each island of the Krakatau Islands

from 1883 to 1993. A: Actual number which is species number found at the survey

period. B: cumulative number which includes disappeared species. C: percentage

ofepiphytes to all flora in actual and cumulative number.



Partomihardjo et al : Epiphytes of Krakatau Islands. 13

Epiphytes in the studyplots

The species and abundance of the epiphytes were studied in plots on Rakata,

Panjang and Sertung, whose total area was of 0.48 ha on Rakata, 0.08ha on Sertung and

0.12ha on Panjang. We found 65 epiphytic vascular plant species belonging to 42

genera within 16 families. This species number was equivalent to 60% of the known

epiphytic flora of the Krakataus. These included 14 species of terrestrial plants and

stranglers. They are usually not included in epiphytes but were occasionally found

growing on the basal part of tree trunks in the plots.

Table 2. Total number of vascular epiphytes recorded on each plot in the forest of

Rakata. **: Terrestrial plants which temporary recorded as epiphytes in the study

plots.

A lt血 de (m asl) 10 10 0 3 0 0 50 0 7 00
P lot size (㌔ ) 90 0 90 0 9 0 0 90 0 4 00

T ax on

P T E R Y D O P H Y T A

A sp lem aceae

A sp len iu m m a crop hy llum S w . 0 14 7 3 2 14
A sp len iu m n id us L . 2 8 0 3 4 7 7 5

A sp len iu m ten erum L . 0 0 0 17 6 3 0 5

A sp len iu m thu n berg iiK un ze 0 0 0 7 9 37

D ava haceae

D ava lia d en tic ula ta (B u rm .f.) M err. 0 12 17 10 0 0
H um ata h ete rop hy lla (Sm .) D e sv . 0 0 0 0 53
H um ata rep en s (L .f.) D iels. 0 2 13 10 2 10

H ym en op hy llaceae

C rep ido m a nes b ip un cta tu m (P oir.) C op el. 0 0 0 0 2

L y cop o diace ae

L y cop o dium ca rin a tum D esv . 0 7 0 0 0

L y cop o dium n um ularif oliu m B l. 0 7 1 0 0

L y cop o dium sq ua rrosum F o rst. 0 5 0 1 0

O leand raceae

N ep hrolep is hirsutula (F o rst.) P r.* 0 0 1 2 2 00
O lean d ra n eriif orm is C av . 0 0 0 2 9

P o lyp o diaceae

A ela o m o rp ha h era clea (K z e) C op el. 0 0 0 0 9 5
B elvis ia revo lu ta (B l.) C op el. 0 6 0 1 13 1
C ryp sin us trilo bus (H ou tt.) C op el. 0 0 1 4 8 0
D ry m og lossum p iloselloid es (L .) P r. 0 0 0 12 2
D ry n aria q uercif olia (L .) J.J. Sm . 5 0 10 2 6 0
L em m ap hy llum a ccen d en s (B l.) D onk 0 0 0 3 6 10
L ox og ra m a e a ven ia (B l.) P re sl. 0 6 2 14 5 8 0
M icrosiu m sco lop end ria (B u rm .f.) C op el. 2 0 3 5 67

M icrosiu m sp . 0 0 0 1 1 8
P y rrosia la n ceola ta (L .) F a rw . 76 2 8 19 10 0
P y rrosia long ifolia (B u rm .f.) M orton 15 0 0 2 1
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Pyrrosia num ularia vSw y C hine 2 1 0 0 0 0

V ittan aceae

A nthropyum reticulation '-Forsty K aulf. 87 144 343 189 3

Vittaria elongata Sw . 0 20 0 1 1

SPE R M A T O PH Y T A

A rahaceae

Scheffl era p olybothrya LM iq.-'V ig.* 0 0 0 4 32

A sclepiadaceae

D ischidia cochleata B l. 0 0 4 24 0

D ischidia rqff lesiana W all. 0 0 0 7 6

H oya diversifolia B l. 25 25 1 3 0
H oya lacvn osa B l. 5 24 17 40 2
C om m ehnaceae

C om m elina benghalensis L . 0 0 0 0 1

C om positae,′A steraceae

G ynura procum bens (.Lour.)M err.* 0 0 0 0 3

G esnenaceae

A eschynanthus radica ls Jack. 0 0 0 0 23

Cy rtandra sulcata B l.* 0 0 0 0 5

M elastom ataceae

C lidem ia hirta (L .)D .D on.** 0 0 0 0 144
M edinella exim ia L . 0 0 0 0 57
M edinella p terocaula B l. 0 0 0 24 0

G ram inae′P oaceae

P ogonatherum p aniceum (L am kJH ack.** 0 0 0 0 1

M oraceae

F icus amp elas B l. 0 0 0 0 1

F icus ribes R einw .ex B l. 0 0 0 0 1
F icus subulata B l* 0 0 0 0 1

F icus sum atrm a M iq.' 1 0 0 0 0

F icus tinctoria L .f. 0 0 0 0 1

O rchidaceae

A grostophyllum bicuspidatum J.J.Sm . 0 0 0 2 5

A grostophyllum denbergeriJ.J.Sm . 0 0 0 4 0

A pp endicula refl exa B l. 0 0 0 0 66
B ulbop hyllum p urp urascens T .& B . 0 0 7 99 1

B ulbop hyllum unguiculatum R chb .f. 0 0 0 16 2

B ulbophyllum sp .3 0 0 3 0 8

C oelogyne rochusseniiD e V r. 0 0 0 7 0
D endrobium accum inatissim um (B l.) Lindl. 0 0 0 14 1
D endrobium crum enatum Sw artz. 88 95 24 22 0
D endrobium m utabile (B l.)L indl. 75 2 19 295 96
D endrobium secundum (B l.) Lindl. 0 0 3 0 1
E ria retusa (B l.)R chb.f. 0 0 0 0 1
F likingeria angustifolia (B l.)A .D . 0 0 0 2 14
Phaius tankervilliae (B ank sex I.H erit)B l.** 0 0 0 0 1
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Pholidota articulata L indl. 0 0 0 0 5

Trixsperm um m erguens (H ook ,f.)O .K untze 0 0 2 0 0

N um berofspecies 12 15 2 1 36 44

N um berofindividuals/plot 428 453 643 1443 1512

Fishersα 2◆3 3◆0 4.2 6◆7 8.5

Table 2 shows the data in plots in Rakata, which includes 61 species. On Rakata,

epiphytic orchids were most diverse and abundant among seed epiphytes. In particular

two of them, Dendrobium crumenatum and Dendrobium mutabile were the commonest

species. The majority of other families were represented by only one or two species.

The families, Aspleniaceae, Polypodiaceae and Vittariaceae, comprised the bulk of the

fems encountered, with Asplenium, Antrophyum, and Pyrrosia occurring in each plot

site.

Only four species of epiphytes were recorded from the study plots on Panjang and

Sertung, as well as on the western part of Rakata. Dendrobium crumenatum and

Pyrrosia lanceolata were the commonest epiphytes at these sites. In the three permanent

plots on Anak Krakatau, four species of epiphytes were recorded. Davalia denticulata,

Dtynaria quercifolia, Hoya diversifolia and Pyrrosia lanceolata were growing on

Casuarina and Hibiscus trees (Partomihardjo et at. 1992). All disappeared, however,

after eruption of 1992/93 (Thornton et a1 1994).

Change in density and diversity with altitude
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Fig. 3. The individual number of some important species of epiphytes at different

altitudes: 10, 100, 300, 500 and 750m on Rakata.
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The plots at higher altitudes on Rakata had a greater diversity than the lower plots.

The total numbers of species in plot were 44, 36, 21, 15 and 12 species at 700m, 500m,

300m, 100m and lOm asl, respectively (Table 2). The diversity index, Fisher s αwaS

8.5, 6.7, 4.2, 3.0, 2.3 from upper to lower plots, respectively. Both population size and

species diversity were the highest at the summit plot, with the number of individuals

declining from 378 per lOOm2 at the summit to 160 at 500m, 71 at 300m asl. At the

lOOm plot there were only 50 individuals per lOOm. An altitudinal preference was

evident in some species (Fig. 3). The epiphytic ferns such as Aglaomorpha heraclea,

Belvisia revoluta and Humata heterophylla were recorded at the highest plot only. The

common orchids at the 700m plot were Appendicula reflexa and Dendrobium mutabile.

Distribution on the tree

The number of epiphytic species growing on trees on Rakata was not clearly

correlated with tree size. The maximum number ofepiphytic species noted on a tree was

14. These were growing on a relatively small tree of Neonauclea calycina with a

diameter of 29.5cm, while the largest tree of Calophyllum inop勿/Hum with a diameter

of 102.5cm carried only two species. However, in general the average number of

epiphyte species per tree rose with increase in tree size (Fig. 4).
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Fig. 4. Frequency distribution of epiphytes and their associated trees (dbh>10cm) and

shrubs (dbh, 1- 9.9 cm) in the five plots at different altitudes. Shaded and open

columns show the number of trees and shrubs with and without epiphytes,

respectively. The polygonal lines show the average number of epiphytes on the

given trees and shrubs. Numeric letters in each figure shows the altitude.
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Table 3. Numbers of individuals(N) and species(s) of epiphytes recorded on various portions of

trees within plots on the Krakatau Islands.

Altitude Basal Trunk Canopy

Islands　　　　　　　(m)　　　　　N S N S N

Rakata仲ast coast)　10　　　　　1 12　　7　　　73　　8　　236　1 1
100　　　　　　　209　　　　　　　　99　　13　　　164　　1 1

300　　　　　　　376　　　　　　　148　　14　　118　　15

500　　　　　　　551　　21　　432　　30　　　401　　23

700

Rakata (West coast)　　50
100

Panj ang　　　　　　　　5 0

100

150

Sertung 1 00

150

672　　23　　　4 14　　32　　　442　　1 3

10　　　　　　　　27

22　　　　　　　　45

54

1　　1　　　　3　　　2　　　　4　　　2

印　　I ^^H I^^H k　　　印

0　　　0　　　　5　　　1　　　　0　　　0

17

There were three groups of epiphytes which had progressively colonized trees of

the Rakata forest. Epiphytic colonizers of the canopy comprised mostly succulent

orchids such as Agrostophyllum spp., Bulbop勿′Hum spp., Dendrobium crumenatum, D.

secundum, Flikingeria angustifolia and water collectors such ferns as Aglaomorpha

heraclea, A甲Ienium nidus and Drynaria quercifolia. The second group consisted of

epiphytes colonizing the large vertical boughs and the upper part of the tree trunk. The

group consisted of relatively shade-tolerant forms such as Davalia denticulata, Humata

spp., Lycopodium spp., Pyrrosia spp., Oleandra neriiformis and a group of orchids

including Appendicula rejlexa, Coelogyne roschussenii, Dendrobium mutabile, Eria

retusa and Tr改野ermum merguense. This second group also included hemi-epiphytes or

stranglers such as Ficus spp., Schefflera polybotria and Medinilla pterocaula. The third
group of epiphytes comprised those growing on the lower part of the trunk and includes

Asplenium spp. (except A. nidus), Antrophyum reticulatum, Belvisia revoluta, and

Vittaria elongata. Few spermatophyte epiphytes belonged to this group, but some

terrestrial plants grew temporarily on the mat of mosses at the tree trunks in the humid

forest near the summit.

Table 3 shows the occurence of epiphytes in each part of the tree in plots at

different altitudes. At lOm plot, the incidence of epiphytes on the basal part of the trees

was less than that in the canopy, and there were more epiphytes on the basal part of the

trunk in the high altitude plots than in the plots below 500m.

D ispersal mechan isms

The cumulative survey data of epiphytes from 1886 to 1993 comprise about 49 to

59 species of ptendophytes and spermatophytes, respectively (Table 1). Most of the

epiphytes found in Krakataus are dispersed by wind (anemochorous). Only eight species

of epiphytic spermatophytes were classified as being dispersed by birds or bats

classified (zoochorous). These zoochorous epiphytes would be better described as hemi-

epiphytes, which can grow as epiphytes, e.g. Clidemia hirta (Melastomataceae),

Schefflera polybotrya (Araliaceae) and six species of Ficus. The Ficus species usually
become stranglers a洗er maturity. Over long distances, Hoya lacunosa is probably

anemochorous, as indicated by the production of numerous seeds with a pappus at one
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end of each seed. However, the occurrence ofH. lacunosa is associated with nests of an

ant species of the genus Crematogaster, and ant-dispersal may be involved on a local
scale.

Discussion

Colonization and deve lopmen t of vascular ep iphyticflora

The first vascular epiphytes recorded as colonists on the Krakataus were

Cymbidium finlaysonianum and Nephrolepis biserrata (DOCTERS van Leeuwen 1 93 6).

In the early stages of succession on the Krakataus these plants did not grow on the trees

that were not yet present. In the present study C. fmlaysonianum and other epiphytic

orchids such as Acriopsisjavanica were recorded growing on the clump oi Saccharum

on the young island Anak Krakatau, where diversity of potential host trees was low

(Partomihardjo et at. 1992). On Casuarina equisetifolia trees on the same island, the

pioneer epiphyte is Hoya diversifolia. Both Acriopsis and Cymbidium collect water in

their rosette leaves and H. diversifolia is succulent. These species are thus apparently

adapted to survive in dry habitats. Nephrolepis biserrata is basically a ground fern, but

is also commonly found as epiphyte on oil palm (Wee 1978). The presence of a

depression in也e axis of仙e mah branches of some trees allows也e accumulation of

humus and thus paves the way for the establishment of other plants such as Nephrolepis

hirsutula which is normally not epiphytic.

Whittaker et at. (1992) demonstrated that the forest communities on the

Krakataus are still accumulating new families and genera of trees. Not only the forests

are still relatively immature, both the potential pool of immigrants is far丘0m exhausted.

Among epiphytes a similar pattern exists: new species are still colonizing the islands

(Appendix). Fifteen families are represented among the 108 species ofepiphytes present

on the Krakataus (1886-1993). The proportions of these families are, however,

somewhat anomalous when compared wi他山e dis廿ibution of epiphytes h surrounding

islands. For example, orchids and ptendophytes comprise 62% and 30% respectively, of

the 621 full- and hemi-epiphyte species in West Java, although they make up 34% and

45% respectively, of the 108 species on Krakatau Islands (Table 4).

Table 4. Number of species of higher plant epiphytes recorded from the Krakatau Islands and

Java. Full-fully epiphyte; Hemi-hemi epiphyte species.

Group oftaxa Krakatau Islands West Java Total of Java
Full Hem Full Hem

Ptendophyte

Piperaceae

Melastomataceae

Moraceae

Urticaceae

Araliaceae

Asclepiadaceae
Gesnenaceae

Orchidaceae

48　　　1

0　　　0

1　　1

0　　　6

0　　　0

0　　　1

8　　　0

5　　　0

37　　　0

160　　　27　　　195

1　　　0　　　　　1

13

4　　　1　　　　　5

2　　　0　　　　　2

5　　　1　　　　　7

15　　　　　　　　18

3　　　0　　　　　8

381　　　　　　　　431

Total　　　　　　　　　　　99　　　　　　　　　　　580　　4 1　　　680
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As shown in Fig. 2-c, epiphytic species occupied only 5 % offlora on the islands

until 1920s. By the early of 1930s, most area of Rakata, where most epiphytic plants

were found, was forested (Docters van Leeuwen 1936, Whittaker et al. 1989).

Because epiphytes need the host plants, the percentage of epiphytes increased with the

recovery of forests. From the 1930s to 1993, it occupies about 20% of actual flora.

A ltitudinal distribution and species richness

Grubb et at. (1963) reported that the population density of epiphytes in the

mountain forest in Ecuador at 1780m asl was nearly ten times that at 380m, and species

diversity was 1.6 times greater. Generally the numbers of epiphyte species increase with

wetness of climate in the tropics. Heavy rains in mountain forest have a constant

leaching effect on the epiphytic habitat, but moisture makes epiphytes vigorous and

healthy (Steenis 1972). Therefore, montane habitats are more favorable for epiphytes

than lowland habitats.

The greater number of epiphytic species in the upland of Rakata might be

explained with the wetter conditions than on the lower slopes. Whittaker et at. (1989)

pointed o山that也e Rwest above 500m asl is a cloud R>rest represented by moss

communities, although in mainland areas (Java or Sumatra) such low altitudes are

usually free from fog, and the cloud belt is usually situated at 2000m asl. Steenis (1972)

stated that a sort oftelescoping effect caused by mass-elevation on small island changes

temperature, relative humidity and rainfall.

On Rakata there is an increase both in population density and species diversity of

vascular epiphytes up to maximum at也e summit plot of abo山700m asl. The large

increase in population and diversity at the 500m plot compared to the 300m plot was

correlated with an increase of daily cloud cover at this altitude. Although the species

diversity of epiphytes in the mossy forest ofRakata is not very different from that in the

summit area, the population density on the latter is much higher. In the mossy forest at

about 500m, average number of individuals was 3.9/sp/100 m with maximum of 33.

This finding can be compared with an average of 10/sp/100m with a maximum of76 in

the summit area. Thus, while there is considerable overlap, only the maximum density

encountered in the 500m plot approaches the mean density in the summit plot. The trees

in the 500m plot mostly have a vertical bole with a broad-branched canopy. With

increase of altitude canopy size did not decrease as much as bole length, hi the 700m

plot,仙e trees were smaller but usually twisted, inclined at all angles and branching in

every direction. Sudden and Robin (1979) stated that inclined or horizontal branches

and boles are more favorable to epiphytic growth than vertical surfaces.

They and Whitmore (1992) noted that moisture丘om cloud and mist are important

for colonization of epiphytes. The increase of daily cloud cover with altitude is

accompanied by an increase in humidity. Foster (1982) determined the lapse rate of

daily humidity and temperature with altitude. The increase in species diversity and

abundance with altitude in the series of close forest plots on Rakata can be attributed to

an increase in both average daily period of cloud cover and humidity with altitude. It is

doubtful, however, that the humidity associated with cloud cover alone account for the

high diversity of the vascular epiphytic flora on Rakata, for it is evident that many

integrated factors affect the epiphytic population. Although there is no detail study, it

seems that the abundance of mosses covermg the bark, with their considerable water-

holding capacity, promotes the germination of epiphyte seeds and spores. Consequently,
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some terrestrial plants are able to grow upon the lower tree trunks, and similarly a

number of epiphytes can thrive on the mossy ground as well as they can on the trees.

Distribution on the tree

There are several important differences between growing on tree and in the ground.

Light availability is an important difference, besides the physical properties of the bark

of the host tree. A so丘　spongy bark with roughened surface is the best for water

retention and also provides cracks and crevices where epiphyte seeds easily lodge

(Dresser 1981). The spongy barks of Neonauclea calycina (Rubiaceae) in the higher

area and of Terminalia catappa (Combretaceae) in beach areas are favorable for the

grow血of epiphytes on the Krakatau Islands. The horizontal branching of T. catappa

also provides suitable habitats for epiphytic grow血. Smooth and hard barks such as

Ficus spp. and Dysαり/mm gaudichandianum in the inland forests and Calophyllum

inophyllum in the beach area are less favorable for epiphyte establishment.

Yeaton and Gladdstonne (1982) suggested that the effect of tree size on

epiphytic diversity appears to be through the time available for colonization rather than

through habitat diversity. They could not distinguish differences in physical habitat

requirement between the common species of epiphytes growing on different-sized trees.

The size of area to be colonized, representing habitat diversity did not appear to be main

factor in the colonization of the epiphytic community. The age of substrate, its

inclination, the amount of organic soil accumulation and climatic condition including

light intensity are some of the variable that may contribute to the uniqueness of the

inner canopy habitat (Walf 1994). Johansson (1974) reported that physical condition

varied greatly even within a single host tree, and usually showed a distinct zonation. A

few epiphytic orchids such as Appendicula, Pholidota and Podochyllus thrive in the

weaker light and greater moisture of the lower tree trunk. Some species, especially the

more massive plants such as Agrostop勿/Hum, Cymbidium and Gramatop勿′Hum are

usually found only on very large branches. Other species are more abundant on

branches of moderate size, and many micro-epiphytes occur primarily on twigs just in

leaf canopy. These patterns are largely controlled by physical factors such as light and

moisture, which vary a good deal over short distances.

Hosokawa and Odani (1957) identified three main arboreal habitats of epiphytic

mosses and lichens: the stump, trunk and crown of the tree depending on the

compensation period of the dominant species. Light-demanding species grow

predominantly in the crown. Further, Hosokawa (1968) found that vascular epiphytes

growing in the canopy are heliophilous, characterized by the creeping elongate stems

and tuRed elongate shoots. This type represented mostly by epiphytic orchids and some

ferns. Epiphytes predominantly occupying the trunk of trees are probably adapted to

grow under conditions of diffused weak light. This group was represented by

acidophilus types with extremely shortened internodes of the creeping stems and a very

short upright axes, both of which have tufted leaves. The epiphytes growing on the

trunk consisted of a mixture of heliophilous cryptograms, suggesting that moisture

availability and solar radiation intensity may determine the vertical distribution of

species on the tree (Hosokawa and Odani 1957).

Epiphytic communities composed of ecologically equivalent species. Benzing

(1981) suggested that the arrival of propagules is the major factor determining the

species quality of epiphytic communities. Yeaton and Gladdstonne (1982) also
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believed that composition of vascular epiphytic communities is largely determined by

血e relative abundance of propagules of it species. On血e Krakatau,也e wide

distributions of some species throughout the study areas indicate that dispersal is not

limiting factor for their distribution. The distributions of individual species appear to be

affected by moisture availability, and habitat quality. Though spore of ferns and very

small seeds of orchids are dispersed by wind,血e some spermatophyte epiphytes are

dispersed by birds or fruit-eating bats. Both have potentials to be dispersed a long

distance. The habitat of epiphytes is known to be very dynamic due to small

disturbances such as by the activity of canopy animals, branch and tree falls and the

expansion of the crown (Perry 1978). The distribution of epiphytes on branch and

trunk segments is also likely to be characterized by habitat properties. The lower and

less diverse canopy on Sertung and Panjang compared to that on Rakata, is probably

due to the frequent of heavy disturbances by ash血11 from the volcanic activities of

Anak Krakatau and low altitude. These are possibly important factors responsible for

仇e relatively sparse epiphytic communities on也ese two islands.

Acknowledgments

We wish thank Dr. R. J. Whittaker of Oxford University, United Kingdom

inviting authors to join their expedition to the Krakatau Islands. Thanks are extended to

Prot I.W.B Thornton of La Trobe University, who made cons廿uctive comments on

the manuscript. This study was financially supported by a grant from JSPS for

i Ronpaku program

Reference s

Baren, J. van. 1931. Properties and constitution of a volcanic soil, built in 50 years in

the East-Indian Archipelago. Medehngen van de Lanbouwhoogeschoolte

Wagemngen 35 : 1- 29.

Benzing, D. H. 1981. Bark surfaces and the origin and maintenance of diversity among

angiosperm epiphytes: a hypo也esis. Selbyana 5: 248-255.

Benzing, D. H. 1984. Vascular Epiphytes: A survey with special reference to their

interactions with other organisms. In S.L. Sutton and T.C. Whitmore (eds.).

Tropical Rainforest: Ecology and Management no. 2. Blackwell Scientific
Publications, Oxford: 1 1 - 24.

Borssum Waalkes, J. van 1960. Botanical observations on the Krakatau Islands in

1951 and 1952. Annales Bogonenses 4: 1 - 64.

BUSH,M. B., WfflTTAKEr,R. JリPARTOMfflARDJO, T. and Richards, K. 1992. Forest

development on Rakata, Panjang and Sertung: Contemporary dynamics (1979-

1989). GeoJournal 28: 185-199.

Docters van Leeuwen, W. M. 1936. Krakatau: 1883-1983. A Botany. Annnales du

Jardin Botanique de Buitenzorg, 46^7: 1-506.

Dresslei", R. L. 1981. The orchids natural history and classification. Harvard

University Press. Cambridge.

Foster, M. 1982. A study of spatial distribution of Bryophytes on Rakata. In

J.R.Flenly and K.Richards (eds.)- The Krakatoa Centenary Expedition: final



22 Sou也Paci丘c Studies Vol. 25, No. 1, 2004

report. Miscellaneous Series, Number 25: 143-164. Dept. ofGeogr. Univ. ofHdl,
U.K.

Grubb, P. J., Loid, J. R., Pennington, T. D. and Whitmore, T. C. 1963. A

comparison of mountain lowland rainforest in Ecuador. J. Ecol. 5 1 : 567-601.

Hosokawa, T. 1968. Ecological studies of tropical epiphytes in forest ecosystem. Proc.

Symposium Recent. Adv. Trap. Ecol. 2: 482-501.

Hosokawa, T. and Odani, N. 1957. The daily compensation period and vertical range

ofepiphytes in a beech forest. J. Ecol. 45: 901-915.

Johansson. 1974. Ecological of vascular epiphytes in West A飢can rain forest. Act

Phytogeogr. Suec. 59: 1-136.

Nadkarni, N.M., 1984. Epiphyte biomass and nutrient capital of a Neotropical elfine

forest. Biotropica 16 : 249-256.

Partomihardjo, T., Mirmanto, E. and Whittaker, R. J. 1992. Anak Krakatau's

vegetation and flora circa 1991, with observations on decade of development and

changes. GeoJournal 28 : 233-246.

Partomihardjo, T. 1995. Study on the ecological succession of plants and their insects

on the Krakatau Islands, Indonesia. Ph.D. thesis, Kagoshima University. 236pp.

Perry, D. R. 1978. Factors influencing arboreal epiphytic sociology in Central America.

Bio廿opica 10: 235-237.

Ruinen, J. 1953. Epiphytosis: A second view on epiphytism. Ann. Bogor. 1: 19-157.
Steenis, C. G. G. J. van 1972. The mountain flora of Java. E.J. Brill, Leiden.

Sudden, A. M. and Robin, R. J. 1979. Aspect of the ecology of vascular epiphytes in

Columbian cloud forest. I. The distribution of the epiphytic flora. Biotropica 2:
173-188.

Tagawa, H., Suzuki, E., Partomihardjo, T., and Suriadarma, A. 1985. Vegetation

and succession on the Krakatau Islands, Indonesia. Vegetatio 60: 13 1-145.
Thornton, I. W. B., Partomihardjo, T. and Yukawa, J. 1994. Observation on the

effects, up to July 1993, of the current eruptive episode of Anak Krakatau. Global

Ecology and Biogeography letters 4: 88-994.

Walf, Jan H. D. 1994. Factor controlling the distribution of vascular and non-vascular

epiphytes in也e No血ern Andes. Vegetatio 1 12: 1 5-28.

Wee, Y. C. 1978. Vascular epiphytes of Singapore's wayside trees. Garden's Bulletin

Singapore XXXI: 1 14-126.

Whitmore, T. C. 1975. Tropical rain forest of the Far East. Clarendon Press, Oxford.

Whitmore, T. C. 1984. Tropical rain forests of the Far East (2nd edition). Clarendon

press, Oxford.

Whitmore, T. C. 1992. An introduction to tropical rain forests. Clarendon Press,
Oxford.

Whitttaker,R. J., Bush, M. B. and Richards, K. 1989. Plant recolomzation and

vegetation succession on the Krakatau Islands, Indonesia. Ecological Monograph

59 (2): 59-123.

Whittaker, R. J., Bush, M., Partomihardjo, T. Asquith, N and Richards, K. 1992.

Ecological aspects of plant colonization of the Krakatau Islands. GeoJournal 28:
201-211.

Whittaker, R. J. and Bush, M. B. 1993. Dispersal and establishment of tropical forest

assemblages, Krakatoa, Indonesia. In J. Miless and D.W.H.Walton (eds.).



Partomihardjo et at. : Epiphytes of Krakatau Islands. 23

Primary succession on land. Special Publication Number 12 of the British

Ecological Society. Blackwell Scientific Publication, Oxford.

Yeaton, R. I. and Gladdstonne, D. E. 1982. The pattern of colonization of epiphytes

on Calabash trees (Crescentia alata HBK.) in Guancaste Province, Costa Rica.

Biotropica 14: 137-140.



24 South Paci丘c Studies Vol. 25, No. 1, 2004

Appendix. The list of vascular epiphytes recorded on the Krakatau Islands (1883- 1993)

from various expeditions. Survey data are combined as shown by the periods

indicated as the years. Key: - = not reported,? - uncertain identification, ! =

identification to genus only, Upper case R,S,P, and A indicated species recorded

from Rakata, Sertung, Panjang and Anak respectively. Lower case r, s and p

indicate species recorded with some ambiguity in Docters van Leeuwen (1936) as

to the year. * - terrestrial plants or stranglers usually occur as epiphytes during the

young stage. L: Life form of plant. ELherb; Hw, herb with water collecting ability;

Hs, herb wi也succulent tissue; W, woody plant; S, strangler.

Y ear*

S pecies L

18 86 189 7 19 08 20′24 29′33 79′82 89′93

P T E R ID O P H Y T A

A SP L E N IA C E A E

A sp len ium adian toides (L .) C hr. H 良

A sp len ium lon eissim um B l. H R R R

A sp len ium m a crop hy llum Sw . H 良 良

A sp len ium m on tan um L . H 良

A sp len iw n nid us L . H W R S R S P R S P R S P

A sp len ium teneru m L . H 良

A sp len ium th un b erg ii K im e H R 良 良 良

D A V A L L IA C E A E

D a vallia d enticula ta (B urm .f.) M en . H R S R S P R S P R S P A

D a vallia solida (Forst.) Sw . H 良

D a vallia かich om a nioides B l. H SP

H um a ta he terop hy lla (Sm .) D esv. H R R 良 良

H um a ta rep ens (L .f.) D iels. H 良 良

Schyp hularia p en tap勿′lla F 'ee H W 良

H Y M E N O P H Y L L A C E A E

H yp en op勿′Hum cf.ja va nicum Sp r. H 良 良

LY C O P O D IA C E A E

L y copo diu m can n atum D esv. H R 良

L y copo diu m nu m m u larifoliu m B l. H 良 良

Ly cop od ium sq va rrosum F orst. H R R R

O L E A N D R A C E A E

N ep hrolep is biserra ta (S w .) S ch ott * H S 良 R P R S R S R S P R S P R S P

O leand ra ne riifo rm is C av . H R

O P H IO G L O S S A C E A E

O p hioglossum p en dulum L . H R 良 良

O p hioelossum reticulatu m L . H R R S R sp

O p hioglossum sp . H 19 51

P O L Y P O D IA C E A E

A g la om m o rp ha hera clea (K ze.) C op el. H W R R 良 R

B elvisia callifolia (C hr.) C op el H R R

B elvisia revo luta (B l.) C op el. H R 良 良 R P

B elvisia sp . H 19 51

C りm sin us trilob us (H ou tt.) C opel◆ H R 良

D ry m o g lossum p iloselloides (L .) P r. H R R S P R S P

D ry na ria q uercifolia (L .)J.S m . H W R 良 R S R S P R S P R S P A

L ecan op teris sin uo sa (W all.ex H k .) C op el. H R R S 良

L em m ap hy llum a ccedens (B l.) D on k. H R 良 良 良

Lep isous lo ne ifolius (B l.) H o ltt . H S
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Loxogram m a avenia (B l.)Presl. H 良 R

M icrosorium linguiform e (M ett.)C opel. H 良

M icrosorium nigrescens(B l.)Copel. H RS Rsp R P 良

M icrosorium p unctatum (L.)C opel. H 良 RS Rsp R SP R S

M icrosorium rubidum (Kunze)C opel. H R 良

M icrosorium scolop endria (B urm .f.)C opel H 良 RS S 氏sp 良

M icrosorium sp. H ?

Pyrrosia lanceolata (L.)Farw . H RS RSP R SP R SPA

Pyrrosia longifolia (B unn.f.)M orton H RS SP R S

Pyrrosia num ularifolia (Sw .)Chins H S RsP R

PSILO TA C E AE

Psilotum comp lanatum Sw . H R R

Psilotum nudum Gn seb. H SP S Rsp S R

V IT TA RIA CE A E

A ntrophyum reticulation (Forst.)K aulf. H R R 氏sp 氏sp

Vittaria angustifolia B l. H P

Vittaria elongata Sw . H R SP R SP

Vittaria ensiform is Sw . H R ∫
Vittaria zosterifolia C hina H R R

SP ER M A TO PH Y T A

A R A LIA CE A E

Schefflerap olyb0秒a (M iq◆Vig. W R 1951 R R

A SC LEPIA D A CE A E

D ischidia cochleata B l. H S R 1951 氏

D ischidia hirsuta (B l.)D ecne H S R

D ischidia num m ularia R .B r. H S 良 良

D ischidia ram esiana W all. H S 氏

Heterostem m a acw ninatum D ecne H S S R SP R

H oya diversifolia B l. H S R SPA R SPA

H oya lacunosa B l. H S R S 氏

Hoya sp. H S 1951

G E SN ERIA CE A E

A esc,勿′nanthus loneifl orus (Bl.)D C . H S R 氏

Aesc,勿′nanthusp iuchrum B l. H S R R

A eschynanthus radicansJack. H S R 良 良

Aesc,勿′nanthW γolubilis Jack. H S R 礼 氏

M arsdenia sp◆ W R

M ELA ST O M A TA C EA E

M edinilla pterocaula B l. W 礼 氏

M ORA C EA E

Ficus benjam ina L. S R

Ficus drup acea Thunb.* S 良

Ficus elastica N w s.ex B l* S R 1951 R

Ficus retusa L * S S R

Ficussum atrana M iq◆* S R1951 S R SP

Ficus tinctoria L .f* S S Sp R SP R SP

O R C H ID A C EA E

A criopsisjavanica Reinw .ex B l. H W R 良 RSPA

A grostop hyllum bicusp idatum J.J.Sm . H R 良 R

Agrostop勿′Hum denbergeriJ.J.Sm . H R R R

Appendicida reflexa B l. H R 1951 良 良

Bulbop hyllum p urp uracens T .& B . H S 良 R

Bulbop勿′Hum unguiculatum R chb.f. H s R 1951 R

B ulbop勿′Hum sp. H S I 良
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C oelogy ne log ifolia (B l.) L rn dl. H S 良 R

C oelogy ne ro ch usseniD e V r◆ H S 良 R

C y m bidium aloif olium (L .) Sw . H 良 R

C y m bidium b icolor L rndl. H R S R

C y m bidium fl m ayson ian um L in dl. H W P 良 rS r 良 R SP A

D end ro bium acum ina tissim u m (B l.) L in dl. H S 良 R

D end ro bium crum ena tu m Sw artz. H S R 良 R S A R SP A

D end ro bium m u tabile (B l.) L in dl. H S R 良 良 R

D end ro bium secund um (B l.) L in d l. H S R 良 良 R

D end ro bium sp . H S I

E ria oblitterata (B l.) R ch b◆f. H S 良 R

E ria retusa (B l.) R chb .f. H S S R

E ria v erm culosa J.J.Sm . H S R

F licking eria ang us tif olia (B l.) A .D ◆ H S R

G lom era eγth rosm a B l. H R

G ram m a top hy lllum sp eciosum B l. H S S R

L ip a ris virid iflora (B l.) L in dl. H S R 良 R

L ip a ris w r,り′/ H ook .f. H S R S R S R

L ip a ris sp . H S I

M alax is la tifolia J.E .Sm ith H S R 良

O b eron ia m onsか〟osa (B l.) L ind l. H S R 良 良 R

O b eron ia sp . H S R

P h olido ta a rticw a ta L in dl. H S R

P h oh do ta im bricata W .J.H oo ker H S 良 R

P odo ch il以∫ban canus J.J.S. H 良 R

T aen iop hyllu m sp . H S 良

T hrixsp erm um m e rg uens (H k .f.) O .K un tze H S R 良

T hrixsp erm um sp.1 H S R

T hrixsp erm um sp.2 H S I

T rich otosia an nula la B l. H S 良 R

T o tal 1 4 6 4 8 4 5 9 63 5 8 1


