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Abstract: Chimonobambusa quadrangularis is one of 75
invasive plant species in Indonesia and found in Cibodas
Botanic Gardens forest, Mt. Gede Pangrango National
Park forest, and Sibolangit Tourist Park. We attempt to
assess the population, spread rate, and biomass of C.
quadrangularis in the Wornojiwo forest and the correlation
between the presence of C. quadrangularis in the garden
and the existing plant population. Nine (10 meters wide)
purposive sampling belt transect was placed to measure
vegetation structure and composition. The results indicate
that the forest structure (vis-a-vis tree diameter distribution
and stratification) was changing, indicating that the
Wornojiwo forest had been disturbed considerably. C.
quadrangularis dominated the shrub life form with a total
population of 3,488 individuals and an average density of
1.4 individuals.m™. The spread rate of C. quadrangularis
was estimated at 422 m’.year’' with a radial distribution
pattern. The total biomass of C. quadrangularis was 12.66
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Mg.ha”, and its population density has a weak negative
correlation with species richness and abundance of tree,
shrub, herb, and seedling species. Active management of
this species is needed to restrict its invasion to the natural
forest around Cibodas Botanic Gardens. The study indicates
more rational forest management and minimizing human
interventions if long-term conservation is to be achieved.

Keywords: Chimonobambusa quadrangularis, forest structure,
invasive species, population assessment, tropical forest.

Introduction

Chimonobambusa quadrangularis (Francheschi)
Makino (synonym: Bambusa quadrangularis, common
name: Square Bamboo, local Sundanese name: 4 wi
Kirisi) has its originates from China. This bamboo
can be described as a bamboo with a maximum
culm height that can reach up to 6 m, have attractive
square stems, vertical dark green running culms
with dense whorls of leaves at each node, and the
ability to grow under the shade of the forest to form
dense canopy reaching about 30-40 culms.m™
(Benzoa and Rauch, 1997; Tjitrosoedirdjo et al.,
2016). Square bamboo is a significant bamboo species
widely farmed in Southwest China. It is mainly used
to produce edible shoots, considered nutritious and
palatable (Chen et al., 2019).

This monopodial species is reported as invasive in
Hawaii after introduction but is not considered
invasive in Tanzania, Southeast Asia, Japan, New
Zealand, the USA and parts of Europe, including the
UK (Wahyuni and Tjitrosoedirdjo, 2013; Darmayanto
and Muhaimin, 2017). C. quadrangularis is also
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Fig 1. Map of study site

recorded as one of invasive bamboo in Indonesia,
especially in Cibodas Botanic Gardens and Mt.
Gede Pangrango National Park in Java and Sibolangit
Tourist Park in Sumatera (Mutagien et al., 2011; Zuhri
and Mutagien, 2013; Junaedi, 2014; Tjitrosoedirdjo et
al., 2016; Damayanto and Muhaimin, 2017).

In Java, C. quadrangularis was determined as deliberately
planted as a live fence in Cibodas Botanic Gardens
and which then spread to an adjacent forest of Mt.
Gede Pangrango National Park up to 50 meters from
the boundary area (Zuhri et al., 2018). The population
of C. quadrangularis in a remnant secondary forest
of Cibodas Botanic Gardens was not reported. This
paper aims to assess the invasiveness of C. quadran-
gularis by measuring its population, spread rate, and
biomass in the remnant secondary forest and the
correlation between the presence of C. quadrangularis
in the national park to existing plant population in the
botanical garden.

Materials and Methods
Study site
A study was conducted in the Wornojiwo forest, a

3.9 ha secondary remnant forest in Cibodas Botanic
Gardens, Cianjur Regency, West Java, Indonesia
(Fig 1). The data was collected through a vegetation
survey using a nine-line transect of 10 m in width.
Each transect was purposively located, allied with
an existing permanent plot and divided into nested
subplots sampling 10x10 m, 5x5 m, and 1x1 m for
trees, shrubs, poles, small herbs and seedlings,
respectively. The population of C. quadrangularis
was enumerated and classified as young, old, mature
and damaged/ died out. The result was compared
with the presence of C. quadrangularis in 2010
(Mutagien et al., 2011). Canopy openness and biomass
were also measured for further analyses.

Plant community data were analyzed for dominance
level using the importance value index (/V1), Shannon-
Wienner diversity index (H’), and Shannon evenness
index (e) (Shannon and Weaver, 1969; Curtis and
Mclntos, 1951; Pileou, 1966; Beals et al., 2000;
Mueller-Dombois and Ellenberg 2002). Species
evenness ranges from zero to one, with zero
signifying no evenness and one meaning complete
evenness (Beals et al., 2000).
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Table 1. Diversity, evenness and dominance of plant species in the study area.

Habitus  Number of species H' E Family Top Dominance Level IVI
Fagaceae Castanopsis argentea 66.81
Euphorbiaceae Ostodes paniculata 32.43
Tree 39 2.96 0.88 Urticaceae Oreochnide sylvatica 27.46
Araliaceae Macropanax dispermus 27.03
Altingiaceae Liquidambar excelsa 22.27
Poaceae CZZZ;ZZI)Z;ZI;ZT 106.40
Solanaceae C qtr f p % 16.10
Shrub 80 243 056 Acanthaceac estran AuTAnnactm 12.54
. Strobilanthes laevigata
Euphorbiaceae . 11.85
Annonaceae Ostodes paniculata 10.44
Polyalthia subcordata '
Urticaceae Elatostema sp. 2641
. : 16.15
Acanthaceae Strobilanthes laevigata 746
Herb 84 2.95 0.67 Marantaceae Geoppertia lietzei 6. 03
Araceae Schismatoglottis sp. 3' 63
Gesneriaceae Cyrtandra picta Blume ’
Total 203
Results in the study area with an average density of 1.4 + 0.59

culms.m? or 14,000 culms hectare'. The importance
value index of C. quadrangularis was 106.40,
A total of 3,488 culms of C. quadrangularis were found  significantly higher than other species (Table 1).

C. quadrangularis population, spread rate, and biomass
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Fig 2. Tree diameter distribution (left) and forest stratification in the study area (right)
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Fig 3. Number individual of C. quadrangularis from forest edge to interior forest
(left) and the number of sub-plots in each C. quadrangularis class density (right)

The regeneration of C. quadrangularis can be identified
in Fig 2. The shoot stage has a deficient number of
individuals (46 individuals), followed by the young
stage (322). On the other hand, the mature stage and
damaged culms were significantly higher (1,528 and
1,592 numbers in total, respectively).

The number of sub-plots occupied by C. quadrangularis
was not equal in each class density of C. quadrangularis
(Fig 2). C. quadrangularis was mostly encountered

Biomass (Mg/ha)

in low density. The spread rate of C. quadrangularis
can be seen from the schematic diagram in Fig 3.

The total above-ground biomass estimation of C.
quadrangularis was 12.66 Mg.ha™ . Stems, leaves, twigs,
and litter contributed the highest biomass, 3.2 Mg.ha'l,
1.4 Mgha', 1.2 Mgha, and 0.6 Mg.ha™" respectively
(Fig 4). This specific calculation would be necessary
for managing this invasive species, for example, if we
need to eradicate and utilize its biomass.

I

Leave Twig

Stem Litter

Partof C. quadrangularis

Fig 4. Above-ground biomass of C. quadrangularis
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Table 2. Seedling species under C. quadrangularis stands

Seedling species under C. C. quadrangularis class density (/m?)

quadrangularis stands 0 01-1 11-2 21-3 31-4 41-5 51-6

Ficus ribes Reinw. ex Blume (?)
Strobilanthes laevigata C.B.Clarke
Ardisia fuliginosa Blume

Cestrum aurantiacum Lindl.
Cryptocarya ferrea Blume

Ostodes paniculata Blume
Pinanga coronate (Blume) Blume
Polyalthia subcordata (Blume) Blume
Pavetta montana Reinw. ex Blume
Calamus sp.

Helicia serrata (R. Br.) Blume
Lasianthus laevigatus Blume
Pittosporum sp.

Castanopsis argentea (Blume) A.DC.

Hydrangea febrifuga (Lour.) Y.De Smet
and Granados

Ficus ampelos Burm.f.

Machilus rimosus (Blume) Blume
Eumachia montana (Blume) .M. Turner

Acer laurinum Hassk.
Amorphophallus sp.
Cinnamomum sp.

Flacourtia sp.

Magnolia lilifera (L.) Baill.
Oreocnide sylvatica (Blume) Miq.
Pinanga javana Blume

Mpyrsine hasseltii Blume ex Scheff.
Saurauia cauliflora DC

Trevesia sundaica Miq. Number individual

Effect of C. quadrangularis on other plant life forms richness and abundance of the tree, shrub, herb, and

The regression analysis results showed the density of C.  seedling (Fig 5 and Fig 6). Thirty-seven seedlings of tree
quadrangularis has a negative linear correlation with species ~ species existed under C. quadrangularis stands (Table 2).

Aglaia sp.

Coffea canephora Pierre ex Froehner

Sphaeropteris glauca (Blume) R M. Tryon

Neolitsea sp.

Plectocomia elongate Mart. ex Blume
Polygala venenose Juss. ex Poir.
Rubia cordifolia L.

Litsea cordata (Jack) Hook.f.

O 0 N AN R W N —

Luvunga sarmentosa (Blume) Kurz
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Discussion
C. quadrangularis population, spread rate, and biomass

The population of C. quadrangularis was more abundant at
the forest edge near the garden, then declined gradually
towards the inside in all growth stages (Fig 2), within a
maximum limit of 70 meters from its periphery.The
population of C. quadrangularis in Wornojiwo Forest
was twice as dense as compared to bamboo forests in
Japan (Sharma, 1980; Wang and Stapleton, 2006). C.
quadrangularis root system (stolon) spreads rapidly
below ground and may grow laterally 1-2 meters (s)
from the mother plants. When these underground culm
portions with root (offset) are exposed from the
ground, a square shoot will grow immediately with
massive whorls of leaves at each node. However, C.
quadrangularis in the Wornojiwo forest only reproduced
vegetatively and was never found flowering. Based on
Dutta and Devi (2013) and Tiwari et al., (2018), the
regeneration of C. quadrangularis in Wornojiwo Forest
during the study time (dry season) was catagorized
closer to poor. Only young bamboo culms existed in
minimal numbers compared to other stages. However,
we firmly believe that the regeneration of this invasive
species in the rainy season must be excellent.

A series of field mapping and aerial photos over
successive years are the most accurate methods to
study the spread of species (Hasting et al., 2005).
Approximately 1,800 m? of area was occupied by
this species in the permanent plot of the Wornojiwo
forest in 2010 (Fig 7). Nine years later, this area
expanded more than twice to about 4,900 m’.
Assuming the spread rate is a linear increase, it
could be calculated that the area occupied by C.
quadrangularis escalated + 344 m”.year'. Assuming
the conditions are stable, it can be estimated that in
2046, C. quadrangularis would occupy all areas of
the permanent plot in the Wornojiwo forest. Thus, it
can be predicted that C. quadrangularis started its
establishment at Wornojiwo forest in 2005.

A radial expansion pattern in C. quadrangularis was
noticed in the permanent plot (Fig 7). As can be seen
from the 2010 map, this species started growth from
the center of the forest and then dispersed inside the
forest and out to the garden area ranging from 10-40
meters linear over the previous sampling or 1-4 m.y™.
The garden area is highly maintained and managed
intensively; therefore, the spread rate in this area
appears to be relatively slower (1-2 m.y™).

An alien plant species is considered invasive if it is
vegetatively spread >2 m.y"' on average (Richardson
et al. 2000), It is indicated that C. quadrangularis
was invasive in the Wornojiwo forest. However, this
result cannot be univocally compared to other organ-
isms or sites if the primary population dynamics are
poorly identified (Grosholz 1996, Mack and Lons-
dale 2001).

The amount of total biomass of C. quadrangularis,
1.e., 12.66 Mg.ha", was similar to the shrub of
tropical dry deciduous forest of Madhya Pradesh
State of India, 12.67 Mg.ha™ (Salunkhe et al. 2014),
but much lower than if forest stands still occupy the
area. In the Wornojiwo forest, the biomass of tree
stand (DBH > 10 ¢cm) was about 860.82 Mg.ha™ in
2014 (Nasihin et al., 2015).

Generally, bamboo biomass was higher than other
species of understorey biomass. Above-ground biomass
of Bambusa cacharensis, B. vulgaris, B. balcooa and
Gigantochloa atter were 1536 Mgha™, 8.29 Mgha™,
9.33 Mgha™, and 73.55 Mgha respectively higher
than the biomass of understorey on stands of Persian
lilac (Melia azedarach), Mahogany (Swietenia macro-
phylla) and Teak (Tectona grandis), which was 6.15
Mgha, 423 Mgha™, and 0.115 Mgha respectively
(Nath et al., 2009, Sihaloho et al., 2016, Basrudin
and Wahyuni 2017, Daud et al., 2018).

Effect of C. quadrangularis on other plant life forms

The weak relationships of C. quadrangularis density
with species richness and abundance of the tree,
shrub, herb, and seedling suggested that the presence
of C. quadrangularis did not influence the existing
plant community in the disturbed forest ecosystem.
Trees, shrubs, herbs, and seedlings species and
individuals were concentrated at lower densities of
C. quadrangularis. Possible causes of herb and shrub
layer dynamics could be due to changes in the light
regime resulting from changes in canopy structure,
particularly gaps, changes in species composition
and abundance of the canopy trees, and other
environmental factors such as changes in fire frequency
or human activities (Davison and Forman,1982).

Seven species seedlings survived under the various
densities of C. quadrangularis, i.e., Ficus sp.,
Strobilanthes laevigata C.B.Clarke, Ardisia fuliginosa
Blume, Cestrum aurantiacum Lindl., Cryptocarya
ferrea Blume, Ostodes paniculata Blume, and Pinanga
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Wornojiwo Forest border with botanic garden’s lawn 2010

Wornojiwo Forest border with botanic garden’s lawn

2019

RRRRRRRRRRE

Survey transects direction

A4

Fig 7. The spread of C. quadrangularis in plot permanent Wornojiwo forest in 2010 (upper)
and 2019 (below). Dark shadow showed C. quadrangularis distribution outside the permanent plot.

coronata (Blume ex Mart.) Blume. However, some  C. quadrangularis management implications

species were not found under the high density of C. ¢ quadrangularis was introduced to Cibodas Botanic
quadrangularis. The shade of C. quadrangularis can-  Gardens around 1920 as Phyllostachys quadrangularis
opy possibly limited light penetration, even though a  (Dakkus 1930, Nasution 1963, Widjaya 2001, Damayanto
weak correlation was shown by C. quadrangularis  and Muhaimin 2017). Cibodas Botanic Gardens could

density on canopy openness (Fig 8).
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Fig 8. The relation of C. quadrangularis density on percent canopy openness
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a trench around the bamboo collection and maintaining
it without spreading it beyond. Whether the existence
of C. quadrangularis noticed in Wornojiwo was
intentional or unintentional through active human
intervention is not clear.

However, it is recognized that proactive management
interventions are needed to restrict its rapid spread to
the natural forest around Cibodas Botanic Gardens.
Even a single culm or offset potentially forms a patch
of C. quadrangularis, extending to many meters.
Therefore, it is crucial to prevent the expansion of C.
quadrangularis and then physically eliminate it.

Wornojiwo forest is best described as a disturbed
remnant forest. Wornojiwo forest is “a small island
among the built-up habitats” in a fragile ecosystem
separated from its primary habitat, Mt. Gede
Pangrango National Park. Conservation of some
small islands of biodiversity is essential to maintain
genetic resources and as a habitat refuge for animals.
We underline that vegetation restoration and
prohibition of human activities in the Wornojiwo
forest are highly required to ensure natural
regeneration.

If properly utilised, the importance of C. quadrangu-
laris biomass can increase their benefits to the local
community. The shoots are edible after proper
processing, and local communities usually harvest
them during the rainy season when they are abundant.
C. quadrangularis shoots are nutritionally rich, with
protein, fat, carbohydrate, cellulose, vitamin C, vitamin
B, and other mineral elements such as calcium,
phosphorus, iron, zinc, and selenium (Li et al. 2017).
The study recommends rationalized forest management
and minimizing human intervention for long-term
conservation.

Conclusion

C. quadrangularis dominated in shrub life form with an
importance value index of 106.40, a total of 3,488
individuals, with an average density of 1.4 individual.m
2. The spread rate of C. quadrangularis was estimated
at 422 m”.year" with a radial distribution pattern. The
total biomass of C. quadrangularis was 12.66 Mg.ha™.
C. quadrangularis density had a weak negative linear
correlation with species richness and abundance of the
tree, shrub, herb, and bamboo regeneration.

Acknowledgement

The authors thank the people who helped in the field,

field, Dwinda Mariska, M. Nikmatullah, Vandra
Kurniawan, Andes Hamuraby Rozak, especially Pak
Emus and Pak Cahyadi. The authors also thank
Taufikurrahman Nasution dan Decky Indrawan Junaedi
for the discussion while analyzing and the writing
process.

References

Backer, A. and Van Den Brink, B. 1965. Flora of Java
(Spermatophytes Only), Volume I. The Netherlands
Noordhoff-Groningen N.V.P., Netherlands.

Basrudin and Wahyuni, S. 2017. Keragaman dan potensi
biomassa tumbuhan bawah pada hutan tanaman jati
(Tectona grandis L.f.) di Desa Lambakara Kecamatan
Laeya Kabupaten Konawe Selatan. Ecogreen 3(2): 97
-104.

Beals, M., Gross, L. and Harrell, S., 2000. Diversity indices:
Shannon’s H and E. The Institute for Environmental
Modelling (TIEM), University of Tennessee, USA.
http://www.tiem.utk.edu/~gross/bioed/bealsmo dules/
shannonDI.html

Bezona, N.C. and Rauch, F.D. 1997. Bamboo for forest
and garden. CTAHR Fact Sheet Ornamentals and

Flowers 18: 1-6

Chen, G., Li, C., Wang, S., Mei, X., Zhang, H. and Kan, J.,
2019. Characterization of physicochemical properties
and antioxidant activity of polysaccharides from shoot
residues of bamboo (Chimonobambusa quadrangularis):
Effect of drying procedures. Food chemistry, 292,
pp-281-293. https://doi.org/10.1016/j.foodchem.2019. 04.
060

Dakkus, P.M.W. 1930. An Alphabetical List of Plants
Cultivated in the Botanic Gardens, Buitenzorg. Archipel
Drukkerij. Buitenzorg, Indonesia.

Curtis, J.T. and McIntosh, R.P., 1951. An upland forest
continuum in the prairie-forest border region of Wiscon-
sin. Ecology, 32(3), pp.476-496. https://doi.org/10.2
307/1931725.

Damayanto, .P.G.P. and Muhaimin, M., 2017. Notes on
Chimonobambusa quadrangularis (Franceschi) Makino
(Poaceae: Bambusoideae) as an invasive alien plant
species in Indonesia. Floribunda, 5(7).

Daud, M., Hikmah, & Haerana.(2018). Potensi produksi
oksigen pada tegakan bambu parring (Gigantochloa
atter) di hutan rakyat Kecamatan Tompobulu Kabupaten
Maros. Jurnal Matoa, 6(12), pp.27-39.

Davison, S.E. and Forman, R.T., 1982. Herb and shrub
dynamics in a mature oak forest: a thirty-year
study. Bulletin of the Torrey Botanical Club, pp.64-
73. https://www.jstor.org/stable/2484469



27 Zuhri M. & Mutaqien Z. /J. Bamboo Rattan (2024) 23(1):18-28

Dutta, G. and Devi, A., 2013. Plant diversity, population
structure, and regeneration status in disturbed tropical
forests in Assam, northeast India. Journal of Forestry
Research, 24(4), pp.715-720. https://doi.org/10.1007/
s11676-013-0409-y.

Early, R., Bradley, B.A., Dukes, J.S., Lawler, J.J., Olden,
J.D., Blumenthal, D.M., Gonzalez, P., Grosholz,
E.D., Ibafiez, 1., Miller, L.P. and Sorte, C.J., 2016.
Global threats from invasive alien species in the
twenty-first century and national response capaci-
ties. Nature communications, 7(1), p.12485. https://
doi.org/10.1038/ncomms12485

Frazer, G.W., Canham, C.D. and Lertzman, K.P., 1999.
Gap Light Analyzer (GLA), Version 2.0: Imaging
software to extract canopy structure and gap light
transmission indices from true-colour fisheye photo-
graphs, users manual and program documenta-
tion. Simon Fraser University, Burnaby, British Co-
lumbia, and the Institute of Ecosystem Studies,
Millbrook, New York, 36.

Grosholz, E.D., 1996. Contrasting rates of spread for in-
troduced species in terrestrial and marine sys-
tems. Ecology, 77(6), pp.1680-1686. https://
doi.org/10.2307/2265773

Hadi, S. Ziegler, T. Waltert, M. and Hodges, K. 2009.
Tree diversity and forest structure in northern
Siberut, Mentawai Islands, Indonesia. Tropical
Biology 50(2): 315-327.

Hasting, A. Cuddington, K. Davies, K.F. Dugaw, C.J.
Elmendorf, S. Freeston, A. Harrison, S. Holland, M.
Lambrinos, J. Malvadkar, U. Melbourne, B.A.
Moore, K. Taylor, C. and Thomson, D. 2005. The
spatial spread of invasions: new developments in
theory and evidence. Ecology Letter 8: 91-101.
https://doi.org/10.1111/j.1461-0248.2004.00687 .x.

Hejda M., Pysek P. and Jarosik V. 2009. Impact of inva-
sive plants to the species richness, diversity, and
composition of invaded communities. Journal of
Ecology 97: 393-403. https://doi.org/10.1111/j.1365
-2745.2009.01480.x.

Junaedi, D.I. 2014. Exotic plants in the Cibodas Botanic
Gardens remnant forest: inventory and cluster analy-
sis of several environmental factors. Buletin Kebun
Raya 17: 1-8

Li, G. Zou, X. Kuang, G. Ren, Y. Deng, C. Lin, Q. Zhao,
X. Xu, S. and Song, J.L. 2017. Preventative effects of
fermented Chimonobambusa quadrangularis shoot on
activated carbon-induced constipation. Experimental
and Therapeutic Medicine 13: 1093-1100. https://
doi.org/10.3892/etm.2017.4036.

Mack, R.N. and Lonsdale, W.M. 2001. Humans as global

plant dispersers: getting more than we bargained for.
Bioscience 51: 95-102. https://doi.org/10.1641/0006-
3568(2001)051[0095:HAGPDG]2.0.CO;2

Minister of Environment and Forestry Republic of Indo-
nesia. 2016. Regulation of the Minister of
Environment and Forestry Republic of Indonesia
Number P.94 MENLHK/SETJEN/KUM.1/12/2016
about Invasive Species. Jakarta, Indonesia.

Mueller-Dombois, D. and Ellenberg, H. 2002. Aims and
Methods of Vegetation Ecology. The Blackburn
Press, USA.

Mutaqien, Z. Tresnanovia, M.V. and Zuhri, M. 2011.
Penyebaran tumbuhan asing di hutan Wornojiwo
Kebun Raya Cibodas, Cianjur, Jawa Barat. Pp 550-
558 in D. Widyatmoko et al. (eds) Proceeding Semi-
nar Nasional Konservasi Tumbuhan Tropika: Kondi-
si Terkini dan Tantangan ke Depan. 7 April 2011,
Cibodas, Indonesia.

Nasihin, I. Karyaningsih, 1. and Yuklistianti, R. 2015.
Perubahan komposisi jenis tegakan, biomassa, dan
stok karbon di hutan Wornojiwo Kebun Raya
Cibodas. Wanaraksa 9(1): 50-55.

Nasution, R.E. 1963. An Alphabetical List of Plant
Species Cultivated in the Hortus Botanicus
Tjibodasensis. Bogor, Indonesia.

Nath, A.J. Das, G. and Das, A.K. 2009. Above ground
standing biomass and carbon storage in village
bamboos in North East India. Biomass and Bioenergy
33: 1188-1196. https://doi.org/10.1016/
j.biombioe.2009.05.020.

Perrings, C. 2001. The economics of biological invasions.
Land Use and Water Resources Research 1: 1-9.

Pielou, E.C. 1966. Shannon’s formula as a measure of
specific diversity: its use misuse. A merican Naturalist,
100: 463—465

Perrings, C. 2001. The economics of biological invasions.
Land Use and Water Resources Research 1: 1-9.

Pielou, E.C. 1966. Shannon’s formula as a measure of
specific diversity: its use misuse. A merican Naturalist,
100: 463—465

Pysek, P. and Ricardson, D.M. 2010 Invasive species,
environmental change and management, and health.
The Annual Review of Environment and Resources
35: 25-55. https://doi.org/10.1146/annurev-environ-
033009-095548.

Richardson, D.M. Pysek, P. Barbour, M.G. Panetta, F.D.
and West, C.J. 2000. Naturalization and invasion of
alien plants: concepts and definitions. Diversity and
Distribution 6: 93-107. https://doi.org/10.1046/j.1472
-4642.2000.00083.x.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20G%5BAuthor%5D&cauthor=true&cauthor_uid=28450948
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zou%20X%5BAuthor%5D&cauthor=true&cauthor_uid=28450948
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kuang%20G%5BAuthor%5D&cauthor=true&cauthor_uid=28450948
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ren%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=28450948
https://www.ncbi.nlm.nih.gov/pubmed/?term=Deng%20C%5BAuthor%5D&cauthor=true&cauthor_uid=28450948
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=28450948
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20X%5BAuthor%5D&cauthor=true&cauthor_uid=28450948
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28450948
https://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=28450948

Zuhri M. & Mutaqien Z. /J. Bamboo Rattan (2024) 23(1):18-28 28

Salunkhe, O. Khare, P.K. Gwalwanshii, D.R. and Uniyal,
S. 2014. Biomass estimation from herb, shrub, and
litter component of tropical dry deciduous forest of
Madhya Pradesh State of India. The Journal of
Ecology 109: 358-362.

Shannon, C.E. and Weaver, W. 1969. The mathematical
theory of communities. Urbana Illinois: University of
[llinois Press, p.117.

Sharma, Y.M.L. 1980. Bamboos in the Asia-Pacific re-
gion. Pp. 99-120 In G. Lessard and A Chouinard
(eds.). Proceedings of a Workshop Bamboo Research
in Asia. Singapore.

Sihaloho, I. Muhdi, M. and Latifah, S. 2016. Pendugaan
cadangan karbon tumbuhan bawah pada tegakan
mindi (Melia azedrach) dan mahoni (Swietenia

macrophylla). Peronema Forestry Science Journal 5
(2): 1-10.

Tiwari, O.P. Rana, Y.S. Krishan, R. Sharma, C.M. and
Bhandari, B.I.S.A. 2018. Regeneration dynamics,
population structure, and forest composition in some
ridge forests of the Western Himalaya, India. Forest
Science and Technology 14(2): 66-75. https://
doi.org/10.1080/21580103.2018.1447517.

Tjitrosoedirdjo, S.S. Mawardi, I. and Tjitrosoedirdjo, S.
2016. 75 Important Invasive Plant Species in Indone-
sia. SEAMEO BIOTROP, Bogor, Indonesia.

Wahyuni, I. and Tjitrosoedirdjo, S.S. 2013. Observation
on the development of important weeds and invasive
alien plant species in Indonesia. Pp 159—165 In Bakar
B. (eds) The Role of Weed Science in Supporting
Food Security by 2020 Proceeding 24th Asian-
Pacific Weed Science Society Conference. 22-25 Oc-
tober 2013, Bandung, Indonesia.

Wang, Z. and Stapleton, C. 2006. Phyllostachys Siebold
and Zuccarini, Abh. Math.-Phys. CI. Konigl. Bayer.
Akad. Wiss. 3: 745. 1843, nom. cons., not Torrey
(1836), nom. rej. Flora of China 22: 163-180.

Widjaja, E.A. 2001. Identikit Jenis-Jenis Bambu di Jawa.
Puslitbang Biologi-LIPI, Bogor, Indonesia.

Zuhri, M. and Mutaqien, Z. 2011. Perubahan komposisi
vegetasi dan struktur pohon pada plot Meijer (1959-
2009) di Gunung Gede, Jawa Barat. Buletin Kebun
Raya 14: 37-45. https://doi.org/10.14203/
bkr.v14il.54.

Zuhri, M. and Mutaqien, Z. 2013. The spread of non-
native plant species collection of Cibodas Botanical
Garden into Mt. Gede Pangrango National Park. The
Journal of Tropical Life Science 3: 74-82.

Zuhri, M. Mutagien, Z. Nurdiana, D.R. Destri. Nudin and
Djuanda. 2018. Vegetasi tumbuhan pada kawasan

tepi hutan Taman Nasional Gunung Gede Pangrango
yang berbatasan dengan Kebun Raya Cibodas. Bio-
genesis  6:  105-114. https://doi.org/10.24252/
bio.v6i2.501.



