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ABSTRACT 
JUNAEDI, D. I., TIHURUA, E. F., WIDOYANTI & GIRMANSYAH, D. 2024. Leaf anatomical adaptation of exotic 
invasive Miconia crenata (Vahl) Michelang. along an elevation gradient: a case study of Mount Gede-Pangrango     
National Park, West Java, Indonesia. Reinwardtia 23(1): 45‒54. — Miconia crenata is a widely spread species that 
occurs in multiple ecosystems. However, there is limited information on M. crenata invasion biology, ecology, and 
anatomy, particularly in the context of mountainous tropical forest and biodiversity management. Therefore, we exa-
mined elevation effects upon leaf anatomical structure of exotic invasive M. crenata at Mount Gede-Pangrango Natio-
nal Park (MGPNP). We sampled the leaves at four different elevations i.e., 715 m asl, 800 m asl, 900 m asl, and 1,000 
m asl. Cross section leaf anatomy specimens of M. crenata were obtained by using paraffin method and stained with 
safranin and fast green. This study found that M. crenata leaf anatomy was correlated with elevation shown by changes 
in leaf tissue thickness and stomata size. Further study is needed of leaf anatomical variation of exotic invasive species 
along driven by soil properties and the variation across different plant taxa and growth forms. Such studies are im-
portant to determine adaptation capacity of invasiveness.  
 
Key words: Biodiversity management, elevation, invasive species, Miconia crenata, Mount Gede-Pangrango, tropical 
forest.  
 
ABSTRAK 
JUNAEDI, D. I., TIHURUA, E. F., WIDOYANTI & GIRMANSYAH, D. 2024. Adaptasi anatomi daun asing invasif 
Miconia crenata (Vahl) Michelang. sepanjang gradien ketinggian: sebuah studi kasus Taman Nasional Gunung Gede- 
Pangrango, Jawa Barat, Indonesia. Reinwardtia 23(1): 45‒54. — Miconia crenata merupakan jenis yang tersebar luas 
dan dapat hidup di kondisi ekosisteam dan ketinggian yang berbeda. Namun demikian, informasi mengenai invasi bio-
logis M. crenata, meliputi biologi, ekologi, dan anatomi masih terbatas, terutama yang menyangkut pengelolaan keane-
karagaman di hutan pegunungan tropis. Oleh karena itu, studi ini dilaksanakan untuk meneliti variasi struktur anatomi 
daun jenis asing invasif M. crenata pada beberapa ketinggian di Taman Nasional Gunung Gede-Pangrango (TNGGP). 
Sampel daun jenis tersebut dikumpulkan pada empat ketinggian berbeda yaitu, 715 m dpl, 800 m dpl, 900 m dpl, dan 
1.000 m dpl. Irisan melintang daun M. crenata didapatkan dengan menggunakan metode parafin dan diwarnai dengan 
safranin dan fast green. Studi ini menunjukkan bahwa anatomi daun M. crenata berkorelasi dengan ketinggian yang 
diindikasikan oleh perubahan ketebalan daun dan ukuran stomata pada ketinggian berbeda. Penelitian lebih jauh 
mengenai anatomi jenis asing invasif pada variasi ketinggian dan habitat, bentuk hidup pada taksa yang berbeda sangat 
penting dilakukan untuk mengetahui kemampuan adapatasi yang berkaitan dengan tingkat keinvasifan suatu jenis.  
 
Kata kunci: Hutan tropis, jenis invasif, ketinggian, Miconia crenata, pengelolaan keanekaragaman hayati, Taman   

Nasional Gunung Gede-Pangrango.   
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INTRODUCTION 
  

Miconia crenata (Vahl) Michelang. (Mabber-
ley, 2017) is included in the Melastomataceae 
family and is naturally distributed in Mexico to 
Tropical America. It is considered an exotic spe-
cies in Indonesia and Asia more widely (Wester & 
Wood, 1977; Junaedi et al., 2021; Holmes et al., 
2023). Miconia crenata is one of the 100 worst 
invasive alien species in the world (GISD, 2023). 
M. crenata has dispersed as an exotic invasive 
species into many native ecosystems of Asia and 
Africa (Rojas-Sandoval & Acevedo-Rodríguez, 
2014; Judd et al., 2018).  

Miconia crenata is perennial and usually grows 
in the form of a densely-branched shrub. The spe-
cies’ height tends to range from 0.5 m to 3 m but 
may grow up to 5 m tall. Most part of the plant are 
hairy and the leaves have prominent veins. The 
flowers are 0.5 cm to 1 cm in size, the fruits are 
berry-type, and the weight of 1,000 dried seed is 
3.83 grams (Mune & Parham, 1967; Wickens, 
1975; Francis, 2004). Miconia crenata has become 
an invasive species in many regions due to its re-
productive characteristics. Firstly, M. crenata pro-
duces many seeds, resulting in a large soil seed 
bank size (Rojas-Sandoval & Acevedo-Rodríguez, 
2014). Secondly, the fruit of this species is com-
monly eaten and dispersed by many animals, par-
ticularly bird species (Weber, 2003). 

Miconia crenata invades multiple ecosystems, 
including those at both high and low elevations. 
There are currently limited studies on the invasion 
of M. crenata using ecophysiological and anatomi-
cal traits. Previous studies of M. crenata have 
mostly focused on their occurrence as an exotic 
invasive species (Peters, 2001; De Walt et al., 
2004a; Le et al., 2018), the biomass allocation and 
genetic comparison between native and invasive 
ranges (De Walt et al., 2004b; De Walt & 
Hamrick, 2004), and seed and seedling studies 
(Brooks et al., 2018; Wanigasinghe & Gunaratne, 
2020; Chandima et al., 2022). Trait-based studies 
of invasive M. crenata have been conducted in the 
highlands of Java (Junaedi et al., 2021) and low-
lands of Borneo (Waddell et al., 2020). Anatomi-
cal and morphological explanations of this spe-
cies’ adaptation as a successful invasive remain 
limited. The ecological, physiological, and ana-
tomical information of M. crenata is crucial for 
invasive species management to protect biodiver-
sity in mountainous tropical forests such as those 
in Indonesia, which contain many threatened, and 
endemic species (Higginbottom et al., 2019; Utter-
idge et al., 2024). 

The Mount Gede-Pangrango National Park 
(MGPNP) is one of the important protected areas 
in Java, due to its rich and threatened biodiversity 
(Padmanaba et al., 2017). Previous studies on in-
vasive plant species in MGPNP have focused on 

detection of exotic invasive species (Tjitrosoe-
dirdjo & Veldkamp, 2008; Uji et al., 2010; Kudo et 
al., 2014; Padmanaba et al., 2017; Junaedi et al., 
2018), invasive species risk assessment (Junaedi & 
Mutaqien, 2018; Junaedi et al., 2021a), and trait-
based invasion ecological studies (Junaedi et al., 
2021b). These studies are crucial for providing 
sufficient information for relevant stakeholders 
regarding the threat and potential development of 
invasive plant species in MGPNP. Invasive species 
are considered as one of the main causes of ecosys-
tem degradation and biodiversity loss ((IUCN, 
2017; Dueñas et al., 2021; Holmes et al., 2024).  

This study aims to examine the altitudinal varia-
tion in the leaf anatomical structure variation of 
exotic invasive M. crenata. We conducted a case 
study at Mount Gede-Pangrango National Park 
(MGPNP) for two main reasons. First, MGPNP is 
an important conservation area in Java, containing 
the typical mountainous forests of the western part 
of Java. Studying the ecology and biology of inva-
sive species is therefore essential to minimize the 
risk and impact of invasive species occurrence in 
MGPNP. Secondly, previous studies have identi-
fied that M. crenata is a problematic invasive spe-
cies in both lowland and highland forests of 
MGPNP (Loke et al., 2023). Plant ecophysiologi-
cal adaptation to altitudinal variations has been 
detected by previous studies (Rahman et al., 2020). 
The anatomical aspect of invasive species studies 
will support a comprehensive understanding of the 
invasion mode of M. crenata to aid risk assessment 
and future management. Anatomical aspect pro-
vides a proxy to explain invasive plant species  
adaptation to its invaded habitat condition. The 
changes in plant anatomical structure and tissues 
may indicate the existing and ongoing inherent 
biological and ecophysiological proccess within 
the studied invasive plants. Finally, these biologi-
cal and ecophysiological information can be uti-
lized by relevant stakeholders and management 
authorities to decide the accurate management stra-
tegies to manage these invasive species.      

 

MATERIALS AND METHODS 

 
Study Area 

The leaf samples and specimens of M. crenata 
were collected from 17 to 24 October 2022 from 
Mount Gede-Pangrango National Park (MGPNP), 
at Bodogol Resort Area from four sampling loca-
tions at different elevations (-6.77631 E, 106.85 
574 S). These elevations are: 715 m asl, 800 m asl, 
900 m asl, and 1,000 m asl. The leaf samples were 
collected from the area around the hiking trail be-
cause M. crenata occurs in relatively open area at 
MGPNP. The plants sampled were detected within 
0–10 m of the hiking trail. Two individuals were 
sampled from each elevation. For each individual 
sample, at least four leaves were sampled for ana-
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tomical examination and specific leaf area meas-
urement. The leaves were sampled following Perez
-Harguindeguy et al. (2016), ensuring the leaves 
were healthy, not too young and not too old. Be-
fore being processed in the laboratory, the leaf 
samples were stored in 70% alcohol solution. 

 
Anatomical Preparation 

The cross-section leaf anatomy specimens of M. 
crenata were obtained using the modified paraffin 
method (Sass, 1951). Leaf specimens of 1 cm × 0.5 
cm size were fixed in FAA solution (Ethanol 96%, 
Formalin, Acetic Acid, and Aquades). The fixed 
specimens were then dehydrated by using ethanol 
absolute, serial mix solution ethanol:tert-Butanol 
(3:1), ethanol:tert-Butanol (1:1), ethanol:tert-Buta-
nol (1:3), and absolute tert-Butanol. The samples 
were further infiltrated by liquid paraffin with a 
melting point of 56–58°C, then embedded with 
paraffin (with similar melting point). The embed-
ded samples were cut with a rotary microtome with 
a thickness of 14–16 µm. The sections were 
stained using 1% of safranin in 70% ethanol and 
2% of fast green in absolute ethanol. Finally, the 
slides were covered by cover glass in mounting 
entellan media. The leaf surface micro morphology 
specimens were obtained by dipping the leaf sam-
ple with 1 cm × 1 cm in size in a warmed HNO3 
solution (Cutler, 1978) until the upper and lower 
surfaces of M. crenata leaves were separated. The 
mesophyll was then cleaned and dyed with safra-
nin. Then, samples were placed on an object glass 
with the addition 1–2 drops of glycerin. Finally, 
the specimens were covered by using cover glass.  

 
Anatomical Observation 

The observation and measurement of anatomical 
characters of M. crenata leaves were conducted 
using Nikon eclipse 80i microscope. The observed 
leaf tissue anatomical parts included the thickness 
of upper and lower epidermis tissue layer, leaf pa-
lisade tissue, sponge tissue, stomata size and sto-
mata density. Observation measurements for each 
leaf tissue part were repeated 10 times for each 
observed individual specimens, resulting in a total 
of 40 observation for each trait at every elevation. 
 
Anatomical Traits vs Habitat 

The correlation of all collected anatomical data 
variables was calculated using Pearson correlation 
analysis that was conducted in R studio and R 
4.3.0 (R Core Team, 2020). Then we checked and 
choose suitable variables that were included in the 
linear model. We choose the variable in a way that 
highly correlated explantory variables were not in-
cluded in the model simultaneously to avoid con-
founding factor in the model. A regression model 
between significantly correlated anatomical varia-
bles and elevation was performed using linear re-
gression analysis, also in Rstudio and R 4.3.0 (R 

Core Team, 2020). The visualization of the corre-
lation matrix and results of Pearson correlation 
analysis was conducted in “corrplot” package 
(Wei & Simko, 2021).  

 
RESULTS 

 
Miconia crenata stomata are found exclusively 

on the lower surface of the leaf (hypostomatic). 
The stomata type of M. crenata is anomocytic 
(Fig. 1B), meaning that the stomata are surround-
ed by cells that closely resemble the epidermal 
cells. The epidermis at the upper leaf side exhibit 
variety in anticlinal cell wall, namely straight, un-
dulate, and sinuous wall (Figs. 1A–C). On the   
other hand, the lower side of the leaf’s epidermis 
has anticlinal sinuous wall (Figs. 1A & 1B). Non-
glandular trichomes (shown in Fig. 1E) and glan-
dular trichomes (shown in Fig. 1F) throughout the 
upper and lower surfaces of the leaf. The non-
glandular trichomes (Fig. 1E) are stellate hair and 
simple and multicellular structure. The glandular 
trichomes (Fig. 1F) are pilate consisting of a long 
stalk with multicellular head cells.  

Miconia crenata possesses a single layer of epi-
dermis tissue on both surfaces of the leaf. The leaf 
mesophyll is composed of palisade tissue at the 
upper part and sponge tissue at the lower part (Fig. 
2). The palisade tissues that collected from an ele-
vation 715 m asl tend to have a cylindric shape 
(Fig. 2A) and consist of 1–2 layers. On the other 
hand, M. crenata leaves collected from elevations 
of 800, 900, and 1,000 m asl showed one layer 
palisade tissue with funnel shaped (Figs. 2B–D). 
The M. crenata leaf also contains druse-shaped 
CaCO3 crystals which are scattered throughout the 
leaf mesophyll (Fig. 2A).   

Anotomical differences in the leaves of M. cre-
nata were observed at varying elevation. These 
differences did not arise in the tissue structure, but 
rather in the size of the tissues in the leaves. There 
are notable variations in the thickness of the upper 
epidermis, mesophyll, and the size of stomata 
(Table 1).  

The stomata of M. crenata at an elevation of 
715 m asl are the shortest, measuring with range 
15.46 and 20.38 µm. In contrast, M crenata, which 
resides at an elevation of 1,000 m asl, has the 
longest stomata, ranging from 16.52 to 22.16 µm. 
At the highest altitude M. crenata possess the nar-
rowest measuring between 13.65 and 18.34 µm, 
whereas the widest are owned by individuals at 
the lowest altitude (13.98–19.51 µm). The sto-
matal density of M. crenata tend to decrease as the 
altitude increases (Fig. 3). The M. crenata at high-
est altitude have a stomatal density ranging from 
159 to 334 stomata/mm2, while at the lowest alti-
tude have the highest stomatal density ranging 
from 298 to 754 stomata/mm2.  
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Fig. 1. Leaf surfaces of Miconia crenata. A-C. Upper leaf surface. A. Straight anticlinal cell wall. B. Un-
dulate anticlinal cell wall. C. Sinuous anticlinal cell wall. D. Sinuous anticlinal cell wall in the lower sur-
face of the leaf. E-F. Trichomes of M. creanata. Anomocytic stomata (arrow sign) that only occur at the 
lower side of the leaf of M. crenata. Non-glandular trichomes with stellate shape (s), simple and multicel-
lular type (ng), and glandular trichomes, pilate type (g). Scale bar: 30 µm (B, C, D & F), 50 µm (A & E). 
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Fig. 2. Cross section of Miconia crenata leaf samples from four elevation. A. 715 m asl. B. 800 m asl. C. 
900 m asl. D. 1000 m asl. ea: upper epidermis; p: palisade tissue; s: sponge tissue; red arrow: lower epi-
dermis; star: druse crystal. Scale bar: 50 µm. 

Fig. 3. Correlation among the anatomical tissue parameters. UET: upper epidermis thickness, PT: palisade 
thickness; ST: sponge thickness; LET: lower epidermis thickness; SL: stomata length; SD: stomata densi-
ty; SW: stomata width; TLT: total leaf thickness; LPTR: leaf thickness-palisade thickness ratio; PSTR: 
palisade thickness-sponge thickness ratio; SLTR: sponge thickness-leaf thickness ratio.  
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The thickness of upper epidermis of M. crenata 
tend to decrease as the altitudinal increases (Fig. 
3). Nevertheless, this pattern is not consistent 
(Table 1). A comparable trend was observed in 
lower epidermis, sponge and leaf thickness of M. 
crenata. Conversely, the thickness of the palisade 
of M. crenata decreased as altitude increase from 
715 to 900 m asl, with corresponding thickness 
values of 32.36 µm, 19.58 µm, 14.91 µm. Then 
increasing at an altitude of 1,000 m asl (20.91 µm) 
(Table 1). 

Leaf thickness of M. crenata is strongly corre-
lated with the upper epidermis, sponge, and pali-
sade, indicating that the majority of leaf thickness 
is contributed by the sponge and palisade thick-
ness (Fig. 4). In addition, there is positive correla-
tion between leaf thickness and stomata density, 
however it is not very strong. Similar findings 
were also achieved regarding the association    
between stomata density and upper epidermis 
thickness.  

 
DISCUSSION 
 

Miconia crenata is an exotic plant in MGPNP 
that has become invasive due to its highly success-
ful dispersal technique and reproductive strategies, 
resulting in the high number of seed production. 
Invasive plants species employ a vegetative ap-
proach by adapting to many types of environments 
and rapidly developing their vegetative as a fast-
growing species (van Kleunen et al., 2010). In this 
study, we detected this vegetative adaptation due 
to its leaf anatomical variation along elevation. 
The value of stomatal density and leaf upper epi-
dermis thickness of M. crenata were getting small-
er along the increase of the habitat elevation.  

The negative correlation of elevation and the 
stomata density was consistent with a relevant 
study by Putri et al. (2022) that suggested that the 
stomata density value of an exotic species       
Bartlettina sordida at MGPNP tends to get lower 
along the increase of altitude. The same results are 
found by Li et al. (2006) and Nautiyal & Purohit 
(1980). Stomata have the function of regulating 
the exchange of O2 and CO2, and water (Hethe-
rington & Woodward, 2003; He & Liang, 2018; 
Lawson & Matthews, 2020). However, this find-
ing contradicts the finding of Liu et al. (2020) who 
reported a positive correlation between stomatal 
density and elevation. At higher altitude, the avail-
ability of CO2 and O2 is generally reduced. Conse-
quently, plants should enhance their stomatal den-
sity to optimize their CO2 and O2 intake. However, 
stomatal density has positively correlate with light 
intensity (Liu et al., 2020). Hence, we speculate 
that the leaf of M. crenata at higher altitude are 
having smaller stomatal density because of poten-
tially lower light intensity. This is due the fact that 
most of the examined specimens grew under the 
shade of forest canopies.  

Yang et al. (2022) and Yang et al. (2023) have 
found that the upper and lower epidermis thickness 
tend to decrease as altitude increase. This reduc-
tion enhances the efficiency of gas exchange bet-
ween leaves and the external environment. There 
was a negative correlation between the thickness 
of M. crenata palisade tissue and altitude. This 
finding is in concordance with previous studies 
conducted by Yang et al. (2022), Yang et al 
(2023), and Nautiyal & Purohit (1980) which sta-
ted that the palisade thickness tends to decrease as 
altitude decreases. According to their studies, the 
reduction of the palisade, sponge and leaf thick-

Table 1. Values of measured anatomical parameter (with the standard deviation value) of Miconia crenata 
leaves along different elevation: 715, 800, 900, and 1,000 m asl. Number of measurements for each indi-
vidual: 10 measurements, total measurements: 40 measurements per elevation. 

Anatomical parameter Elevation (m asl) 

715 800 900 1,000 

Length of stomata (µm) 18.10 ± 1.17 19.08 ± 1.35 18.45 ± 1.43 19.58 ± 1.44 

Width of stomata (µm) 16.32 ± 1.21 15.79 ± 1.19 16.25 ± 1.38 15.45 ± 1.01 

Stomata density (∑stomata/mm2) 506 ± 99 338 ± 67 332 ± 82 271 ± 46 

Upper epidermis thickness (µm) 18.21 ± 2.31 11.54 ± 2.12 14.91 ± 2.29 8.59 ± 1.49 

Lower epidermis thickness (µm) 10.59 ± 1.85 9.34 ± 1.28 11.17 ± 2.09 9.20 ± 1.47 

Palisade thickness (µm) 32.36 ± 7.74 19.58 ± 1.86 14.91 ± 2.29 20.91 ± 1.83 

Sponge thickness (µm) 30.09 ± 8.10 16.45 ± 2.39 27.91 ± 6.20 17.40 ± 3.56 
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ness indicates a plant adaptation to drought stress 
and to increase CO2 intake. However, Liu et al. 
(2020) and Li et al. (2006) discovered a contradic-
tory result that suggested a positive correlation 
between palisade thickness and habitat elevation. 
Palisade is the leaf tissue that responsible for car-
rying out photosynthesis. Palisades are known as 
plastic tissue because of their adaptability to the 
environment. A thicker palisade tissues could be 
associated to enhanced photosynthetic efficiency 
and could be an indication of the amount of chlo-
roplast.  

However, this study discovered an abnormality 
in the leaf thickness and palisade of M. crenata at 
an altitude of 900 m alt. This anomaly may be 
caused by plant phenotypic plasticity factor. The 
flexibility of plant tissue is determined by environ-
mental factors such as temperature, humidity, CO2 
content, and even wind (Nautiyal & Purohit, 1980; 
Jahdi et al., 2020). These environmental factors 
are not the sole determinants of plant tissue and its 
plasticity. Therefore, any deviation in the examin-
ed individuals in this study may be impacted by 
one or several environmental factors that differ or 
fluctuate to some extent at each altitude.  

According to the fundings of this study, the 
ability of M. crenata to adjust to different light 
conditions was relatively noticeable. This species 
was observed in several environmental conditions 
characterized by diverse levels of light intensity 
and shade. In the tropical forest context, M. crena-
ta is recorded as an exotic species capable of 
thriving in the innermost area of the undisturbed 
tropical forest as a result of its adaptation (Wad-

dell et al., 2020). In this study, we did not collect 
light data on the parameter of light. However, 
considering the state of the sampling sites, the 
plots were located in close proximity or directly 
along the hiking trail road, exhibiting a similar 
trees canopies density and condition to some ex-
tent. Therefore, we assumed that there is negligi-
ble difference in the light condition among the 
sampling plots. We acknowledge that this as-
sumption is a limitation of this study. Hence, fur-
ther research is required for leaf anatomical varia-
tion of exotic invasive species in relation to vari-
ous seasonal and environmental factors such as 
light intensity, pH, temperature, and humidity. 
Furthermore, it is necessary to compare the struc-
ture variation across different plant taxa and 
growth forms.    

 
CONCLUSIONS 
 

The adaptation of M. crenata leaves towards 
altitude in Gunung Gede-Pangrango National 
Park involves alterations in the stomata size, sto-
mata density, and thickness of mesophyll tissue 
and leaves. The higher the altitude, the thinner of 
upper and lower epidermis, palisade, sponge and 
leaf of M. crenata. In higher altitudes, M. crenata 
exhibited lower stomatal density and longer sto-
matal size. 

 
ACKNOWLEDGEMENTS  
 

This research was funded by the Research and 
Innovation Agency (BRIN) through “Pendanaan 

Fig. 4 The linear regression model that indicate the significant negative correlation between elevation sto-
mata density (A) and elevation and upper epidermis (B) of the Miconia crenata leaves. Number of sam-
ples are 160. The correlation coefficient between altitude and the density of the stomata and upper epider-
mis thickness are -0.39 (p-value = 7.07 x 10-9) and -10.95 (p-value = 2.15 x 10-9) respectively. The adjust-
ed r square for the model is 0.56. 



 

  REINWARDTIA  51                                [VOL.23  

Ekspedisi dan Eksplorasi 2022” funding scheme. 
We thank Mountain Gede Pangrango National 
Park (MGPNP) manager and staffs, particularly 
Mr. Agung Gunawan as the head of the Bodogol 
resort of MGPNP and Mr. Ae as the field guide 
who assist the sampling collection activities dur-
ing the fieldwork in the research location. We also 
thank Dr. Kusumadewi Sri Yulita, Muhammad 
Rifqi Hariri, M.Si. and Dr. Liam A. Trethowan 
have proofread the English of our manuscript. 

 
REFERENCES 

 
BROOKS, S. J., EASTON, R. K. & GOUGH, K. 

L. 2018. The effects of burial depth and water 
stress on Melastome weed seeds. 21st Australa-
sian Weeds Conference. 

CHANDIMA, B. R., SAMARASINGHE, P., 
JAYASURIYA, K. M. G. G., THILANKA, A. 
M., GUNARATNE, A., DIXON, K. W. & SE-
NAYAKA, M. 2022. Seed biology and early 
seedling developmental traits of Clidemia hirta, 
an invasive species of Sri Lankan rainforest 
compared to two native species sharing the 
same habitat. Taiwania 67(1): 73–82.  

CUTLER, D. F. 1978. Applied Plant Anatomy. 
Longman, London and New York. 

DE WALT, S. J., DENSLOW, J. S. & ICKES, K. 
2004a. Natural-enemy release facilitates habitat 
expansion of the invasive tropical shrub 
Clidemia hirta. Ecology 85(2): 471–483. 

DE WALT, S. J., DENSLOW, J. S. & 
HAMRICK, J. L. 2004b. Biomass allocation, 
growth, and photosynthesis of genotypes from 
native and introduced ranges of the tropical 
shrub Clidemia hirta. Oecologia 138: 521–531. 

DE WALT, S. J. & HAMRICK, J. L. 2004. Ge-
netic variation of introduced Hawaiian and na-
tive Costa Rican population of an invasive 
tropical shrub, Clidemia hirta (Melastoma-
taceae). American Journal of Botany 91(8): 
1155–1162. 

DUEÑAS, M. A., HEMMING, D. J., ROBERTS, 
A. & DIAZ-SOLTERO, H. 2021. The threat of 
invasive species to IUCN-listed critically en-
dangered species: a systematic review. Global 
Ecology and Conservation 26: Art. e01476. 

FRANCIS, J. K. 2004. Clidemia hirta (L.) D. Don 
- Koster’s curse - Melastomataceae. http://
www.fs.fed.us/global/iitf/pdf/shrubs/Clidemia 
%20hirta.pdf. (Accessed 10 July 2022). 

GLOBAL INVASIVE SPECIES DATABASE 
(GISD). 2023. Clidemia hirta. https://
www.iucngisd.org/gisd/ species.php ?sc=53. 
(Accessed 9 July 2023). 

HE, J. & LIANG, Y. K. 2018. Stomata. In eLS. 
John Wiley & Sons, Ltd: Chichester. DOI: 
10.1002/9780470015902.a0026526 

HETHERINGTON, A. M. & WOODWARD, F. 
I. 2003. The role of stomata in sensing and 

driving environmental change. Nature 424: 
901–908. 

HIGGINBOTTOM, T. P., COLLAR, H. J., 
SYMEONAKIS, E. & MARSDEN, S. J. 2019. 
Deforestation dynamics in an endemic-rich 
mountain system: conservation successes and 
challenges in West Java 1990–2015. Biological 
Conservation 229: 152–159. DOI: 10.1016/
j.biocon.2018.11.017. 

HOLMES, R., PELSER, P., BARCELONA, J. 
TJITROSOEDIRDJO, S. S., WAHYUNI, I., 
VAN KLEUNEN, M., PYŠEK, P., ESSL, F., 
KREFT, H., DAWSON, W., WIJEDASA, L., 
KORTZ, A., HEJDA, M., BERRIO, J. C., 
SIREGAR, I. & WILLIAMS, M. 2023. Alien 
Floras and Faunas 19. The naturalized vascular 
flora of Malesia. Biological Invasions 25: 1339
–1357. DOI: 10.1007/s10530-022-02989-y. 

HOLMES, R., PELSER, P., BARCELONA, J. 
TJITROSOEDIRDJO, S. S., WAHYUNI, I., 
VAN KLEUNEN, M., PYŠEK, P., ESSL, F., 
KREFT, H., DAWSON, W., WIJEDASA, L., 
KORTZ, A., HEJDA, M., BERRIO, J. C., 
SIREGAR, I. & WILLIAMS, M. 2024. Natu-
ralizations have led to homogenization of the 
Malesian flora in the Anthropocene. Journal of 
Biogeography 51: 394–408. DOI: 10.1111/
jbi.14766. 

INTERNATIONAL UNION FOR CONSERVA-
TION OF NATURE. 2017. The IUCN Red 
List of Threatened Species (V2017-3). IUCN, 
Gland, Switzerland. www.iucnredlist.org. (Ac-
cessed 14 December 2022).   

JAHDI, R., ARABI, M. & BUSSOTTI, F. 2020. 
Effect of environmental gradients on leaf mor-
phological traits in the Fandoghlo forest region 
(NW Iran). iForest 13: 523–530. DOI: 
10.3832/ifor3391-013. 

JUDD, W. S., IONTA, G. M., MAJURE, L. C. & 
MICHELANGELI, F. A. 2018. Taxonomic 
and nomenclature notes on Miconia crenata 
and related species (Melastomataceae: Mico-
nieae) in the Greater Antilles. Journal of the 
Botanical Research Institute of Texas 12(2): 
521–529. 

JUNAEDI, D. I. & MUTAQIEN, Z. 2018. 
Predicting invasion probability from botanic 
gardens using exotic species traits. 
Biosaintifika: Journal of Biology & Biology 
Education 10(3): 539–545. 

JUNAEDI, D. I., MC CARTHY, M., GUILLERA
-ARROITA, G., CATFORD, J. A. & BURG-
MAN, M. A. 2018. Traits influence detection 
of exotic plant species in tropical forests. Plos 
One 13(8): Art. E0202254. 

JUNAEDI, D. I., PUTRI, D. M. & KUR-
NIAWAN, V. 2021a. Assessing the invasion 
risk of botanical garden’s exotic threatened 
collections to adjacent mountain forests: A 
case study of Cibodas Botanical Garden. Jour-



JUNAEDI et al.: Anatomical adaptation of exotic invasive species along an elevation gradient 

 

2024]                                    52 

nal of Mountain Science 18(7): 1847–1855. 
JUNAEDI, D. I., HIDAYAT, I. W., EFENDI, M., 

MUTAQIEN, Z., ZUHRI, M., NASUTION, 
T., KURNIAWATI, F., SURYA, M. I., IS-
MAIL, L., HANDAYANI, A. & ROZAK, A. 
H. 2021b. Leaf thickness and elevation explain 
naturalized alien species richness in a tropical 
mountain forest: a case study from Mount 
Gede-Pangrango National Park, Indonesia. 
Journal of Mountain Science 18(7): 1837–
1846. 

KUDO, Y., MUTAQIEB, Z., SIMBOLON, H. & 
SUZUKI, E. 2014. Spread of invasive plants 
along trails in two national parks in West Java, 
Indonesia. Tropics 23(3): 99–110. 

LAWSON, T. & MATTHEWS, J. 2020. Guard 
cell metabolism and stomatal function. Annual 
Review of Plant Biology 71: 273–300. DOI: 
10.1146/annurev-arplant-050718-100251. 

LE, C., FUKUMORI, K., HOSAKA, T., 
NUMATA, S., HASHIMA, M. & KOSAKI, T. 
2018. The distribution of an invasive species, 
Clidemia hirta along roads and trails in Endau 
Rompin National Park, Malaysia. Tropical 
Conservation Science 11. DOI: 10.1177/1940 
082917752818. 

LI, F. L., BAO, W. K., LIU, J. H. & WU, N. 2006. 
Eco-anatomical characteristics of Sophora da-
vidii leaves along an elevation gradient in up-
per Minjiang River dry valley. Y ing Y ong 
Sheng Tai Xue Bao 17(1): 5–10. 

LIU, W., ZHENG, L. & QI, D. 2020. Variation in 
leaf traits at different altitudes reflects the 
adaptive strategy of plants to environmental 
changes. Ecology and Evolution 10: 8166–
8175. DOI: 10.1002/ece3.6519. 

LOKE, T.Y., MARGROVE, J.A., AHMAD, B., 
JIKIM, G.E., ENDAWIE, A.C., HATTA, 
S.M., ANDREW, A.P., MAYCOCK, C.R. 
2023. The invasion of alien species Miconia 
crenata (Vahl) Michelang. in disturbed/
undisturbed lowland mixed dipterocarp and 
Kerangas forests in Sabah, Malaysia. Taiwania 
68(2): 255–260. 

MABBERLEY, D. J. 2017. Mabberley's Plant-
Book: A Portable Dictionary of Plants, Their 
Classification and Uses. 4th ed. Cambridge 
University Press, Cambridge. DOI: 10.1017/ 
9781316335581. 

MUNE, T. L. & PARHAM, J. W. 1967. The de-
clared noxious weeds of Fiji and their control, 
3rd ed. Fiji Department of Agriculture Bulletin 
48: 1–87. 

NAUTIYAL, S. & PUROHIT, A. N. 1980. High 
altitude acclimatization in plants: stomatal fre-
quency and anatomical changes in leaves of 
Artemisia species. Biological Plantarum 
(Praha) 22(4): 282–286. 

PADMANABA, M., TOMLINSON, K. W., 
HUGHES, A. C. & CORLETT, R. T. 2017. 

Alien plant invasions of protected areas in Ja-
va. Indonesia. Scientific Reports 7: 9334. 

PÉREZ-HARGUINDEGUY, N., DÍAZ, S., 
GARNIER, E., LAVOREL, S., POORTER, 
H., JAUREGUIBERRY, P., BRET-HARTE, 
M. S., CORNWELL, W. K., CRAINE, J. M., 
GURVICH, D. E., URCELAY, C., VENE-
KLAAS, E. J., REICH, P. B., POORTER, L., 
WRIGHT, I. J., RAY, P., ENRICO, L., 
PAUSAS, J. G., DE VOS, A. C., BUCH-
MANN, N., FUNES, G., QUÉTIER, F., 
HODGSON, J. G., THOMPSON, K., MOR-
GAN, H. D., TER STEEGE, H., VAN DER 
HEIJDEN, M. G. A., SACK, L., BLONDER, 
B., POSCHLOD, P., VAIERETTI, M. V., 
CONTI, G., STAVER, A. C., AQUINO, S. & 
CORNELISSEN, J. H. C. 2016. New hand-
book for standardised measurement of plant 
functional traits worldwide. Australian Journal 
of Botany 64: 715–716. DOI: 10.1071/BT 
12225_CO. 

PETERS, H. A. 2001. Clidemia hirta invasion at 
the Pasoh Forest Reserve: an unexpected plant 
invasion in an undisturbed tropical forest.   
Biotropica 33(1): 60–68.  

PUTRI, D. M., JUNAEDI, D. I., KURNIAWAN, 
V. & EFENDI, M. 2022. Leaf traits of the in-
vasive species Bartlettina sordida (Less.) 
R.M.King naturalized in Cibodas hiking trail, 
Mt. Gede Pangrango National Park, West Java, 
Indonesia. Indonesian Journal of Forestry    
Research 9(1): 1–8. 

RAHMAN, I. U., AFZAL, A., IQBAL, Z., HART, 

R., ALLAH, E. F. A., ALQARAWI, A. A., AL-

SUBEIE, M. S., CALIXTO, E. S., IJAZ, F., 

ALI, N., KAUSAR, R., SHAH, M., 

BUSSMANN, R. W. 2020. Response of plant 

physiological attributes to altitudinal gradient: 

Plant adaptation to temperature variation in the 

Himalayan region. Science of The Total Envi-

ronment 706(1): Art. 13574. 

R CORE TEAM. 2020. R: A Language and Envi-

ronment for Statistical Computing. R Founda-

tion for Statistical Computing, Vienna, Austria. 

ROJAS-SANDOVAL, J. & ACEVEDO-RODRI-
GUEZ, P. 2014. CABI Compendium: Clidemia 
hirta (Koster's curse). DOI: 10.1079/ cabicom-
pendium.13934. (Accessed 10 July 2022). 

SASS, J. E. 1951. Botanical Microtechnique. 2nd 
ed. The Iowa State Collage Press, Iowa. 

TJITROSOEDIRDJO, S. S. & VELDKAMP, J. 
F., 2008. Bartlettina sordida (Eupatorium sor-
didum) (Compositae), an invasive alien plant 
species in the Gede Pangrango National Park, 
West Java, Indonesia. Flora Malesiana Bulletin 
14(3): 172. 

UJI, T., SUNARYO, RACHMAN, E. & TIHU-
RUA, E. F. 2010. Invasive Alien Species (IAS) 

https://doi.org/10.1177/1940082917752818
https://doi.org/10.1177/1940082917752818


 

  REINWARDTIA  53                                [VOL.23  

in Mount Gede Pangrango National Park, West 
Java. Biota 15(2): 167–173. 

UTTERRIDGE, T. M. A., TRETHOWAN, L. A., 
BROWN, M. J. M., RATCLIFFE, S., PLUM-
MER, J., BRAMBACH, F. & RUSTIAMI, H. 
2024. A new species of Lasjia (Proteaceae) 
from Sulawesi: Lasjia griseifolia Utteridge & 
Brambach. Kew Bulletin 79(2): 429–436. DOI: 
10.1007/s12225-024-10162-y.  

VAN KLEUNEN, M., WEBER, E. & FISCHER, 
M. 2010. A meta‐analysis of trait differences 
between invasive and non‐invasive plant spe-
cies. Ecology Letters 13: 235–245. 

WADDELL, E. H., CHAPMAN, D. S., HILL, J. 
K., HUGHES, M., SAILIM, A., TANGAH, J. 
& BANIN, L. F. 2020. Trait filtering during 
exotic plant invasion of tropical rainforest rem-
nants along a disturbance gradient. Functional 
Ecology 34: 2584–2597. 

WANIGASINGHE, L. M. & GUNARATNE, A. 
M. 2020. Does Clidemia hirta (L.) D.Don af-
fect natural regeneration from soil seed bank in 
Halgolla forest, Sri Lanka?. Proceedings of the 
International Research Conference of Uva 
Wellasa University July 29–30 2020. 

WEBER, E. 2003. Invasive Plants of the World. 
CABI Publishing, CAB International, Walling-
ford. UK. 548 pp. ISBN: 0-85199-695-7. 

WEI, T. & SIMKO, V. 2021. R package 'corrplot': 
Visualization of a Correlation Matrix (Version 
0.92). Available from https://github.com/
taiyun/corrplot.  

WESTER, L. L. & WOOD, H. B. 1977. Koster's 
curse (Clidemia hirta), a weed pest in Hawaiian 
forests. Environmental Conservation 4(1): 35–
42. 

WICKENS, G. E. 1975. Melastomataceae. In: 
POLHILL, R. M. (Ed.), Flora of Tropical East 
Africa. Crown Agents for Oversea Govern-
ments and Administrations, London. 

WURDACK, J. J. 1986. Atlas of Hairs for Neo-
tropical Melastomataceae. Smithsonian Contri-
butions to Botany. Smithsonian Institution 
Press, Washington DC.  

YANG, J., CHEN, G., CHONG, P., YANG, K., 
ZHANG, J. & WANG, M. 2022. Variation in 
leaf anatomical traits of Betula albosinensis at 
different altitudes reflects the adaptive strategy 
to environmental changes. Science Asia 48: 
188–195. 

YANG, J., CHONG, P., CHEN, G., XIAN, J., 
LIU, Y. & YUE, Y. 2023. Shifting plant leaf 
anatomical strategic spectra of 286 plants in the 
eastern Qinghai-Tibet Plateau: changing gears 
along 1050–3070 m. Ecological Indicators 146
(2023): Art. 109741.   


