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ABSTRACT

Biodiversity measurement served as baseline data for the development of effective
conservation plans. The accuracy of the measurement was highly dependent on the
size of the sample plot. Even though Indonesia had various ecosystems, the standard
sample plot size for measuring plant species diversity was only available for lowland,
lower montane, and mangrove forests. Therefore, this study aimed to determine the
optimal dimension of plots for measuring plant species diversity in beach forest
ecosystems. The data was collected in Ujung Kulon National Park using various
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dimensions of sample plots ranging from 2 m x 2 m to 150 m x 50 m. Furthermore,
the rarefaction method and species-area curve were used to examine the data. The
curves showed that the optimal sample plot dimensions for seedling, sampling, and
polelevelswere 110 m x 50 mand 150 m x 50 m for tree stages.

INTISARI

Pengukuran keanekaragaman hayati menyediakan data dasar untuk penyusunan
rencana konservasi yang efektif. Pengukuran keanekaragaman hayati sangat
bergantung pada ukuran petak contoh. Indonesia memiliki beragam tipe ekosistem,
namun hingga saat ini hanya hutan dataran rendah, hutan pegunungan bawah, dan
hutan mangrove yang memiliki standar ukuran petak contoh untuk pengukuran
keanekaragaman spesies tumbuhan. Penelitian ini bertujuan menentukan dimensi
petak optimal untuk pengukuran keanekaragaman spesies tumbuhan pada
ekosistem hutan pantai. Pengambilan dilaksanakan di Taman Nasional Ujung Kulon
dengan menggunakan berbagai dimensi petak contoh mulai dari dimensi2 m x 2 m
sampai 150 m x 50 m. Data yang diperoleh dianalisis dengan metode rarefaksi dan
kurva spesies area. Kurva rarefaksi dan kurva spesies area menunjukkan hasil yang
sama, yaitu petak berdimensi 1o m x 50 m merupakan dimensi petak contoh optimal
untuk tingkat semai, pancang, dan tiang, sedangkan dimensi 150 m x 50 m
merupakan dimensi petak contoh optimal untuk tingkat pohon.
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Introduction

Law Number 5 of 1994 on the ratification of the
Convention on Biological Diversity and Law Number
13 of 2013 on the ratification of the Kyoto Protocol
emphasize that continuous development of
biodiversity inventory, monitoring, and measurement
are required to maintain its sustainability. The
biodiversity measurements provide an overview of its
current and predict future conditions. The
measurement data became the basis for conservation
plans and monitoring protocols development, and
research requirements (Stohlgren etal.1995).

Effective biodiversity conservation planning
requires accurate data obtained through a census.
However, a biodiversity census is costly, time-
consuming, and labor-intensive. The line plot method
currently used for various purposes cannot measure
biodiversity accurately because there is no exact
distance between plots (Mostafa & Ahmad 2017).
Other methods, such as randomized plots, produce
inconsistent diversity measurements. Stohlgren et al.
(1998) showed that random plots produced lower
plant species richness than single and transect
methods. Giileretal. (2016) revealed that randomized
plots produced better species richness than single
plots. Those research showed a need for a
standardized sample plot dimension to capture all
ecosystems' biodiversity.

The area-species relationships idea is promising
and could become a method for measuring the total
ecosystem diversity (Zhao et al. 2010). The
relationships suggested that large areas have high
species richness (Triatis et al. 2012; Tjgrve et al. 2018),
often depicted in curves with the number of species
and sample plot size as axis and ordinate (Tjorve
2003). The curve increased sharply and leveled off
when the number of species was saturated. The curve

indicates the optimal plot dimension (Zhao et al.
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2010), which is the minimum plot dimension for all
speciesinthe ecosystem (Wergerig72).

Indonesia, a mega biodiversity country, has a
variety of ecosystem types. However, only lowlands
(Kusuma 2007), lower montane forest (Ali 2018), and
mangrove forests (Mulya 2021) have standardized
sample plots for measuring plant species diversity. The
beach forest becomes one of the ecosystems without a
standard sample plot for measuring plant species
diversity. Therefore, there is a need to conduct a study
related to the standard sample plot for beach forest
ecosystems. This research aimed to determine the
optimal plot dimensions for measuring plant species
diversity in beach forest ecosystems using rarefaction

curves.

Methods

Study Siteand Time

Data were collected from March to April 2022 at
three sites, two in Karang Ranjang Resort and one in
Legon Pakis Resort, Ujung Kulon National Park.
Beach forest ecosystems have Pescaprae (dominated
by Ipomea pescaprae and shrubs) and Barringtonia
(dominated by trees up to 25 m tall) formations
(MacKinnon et al. 1996). The tree species have thick
leaves, such as butun (Barringtonia asiatica) and
ketapang (Terminalia catappa). Sometimes there also
a beach forest with mixed formation of pescaprea and
barringtonia formations. The beach forest ecosystem
in Ujung Kulon National Park had both types of beach
forest formations. However, this research used the

Barringtonia formation.

Toolsand Materials

This research used a tally sheet, office stationery,
GPS, tape meter, and camera for data collection. The
data analysis used Microsoft Excel and PAST

(Paleontological Statistics) 4.03. software.



Nurkholis et al. (2023)/ Jurnal Ilmu Kehutanan 17(1):56-66

Study Area ‘(,fj T E} | Ujung Kulon National Park
®  Legon Pakis Resort
,.._r“"} i . Karang Ranjang Resort
L pa !
z ,, PR [IRLE e
o e el
i z_l..- -, /‘ .-r
b
I, ‘\\ X
P e 1
-‘/_. A »
P i
e J"*- iy
: b ¢ Y c 1
P = B i
& . - II"_- L
o \ﬁ } )
}1 I f 4 ¢ FER]
h)ﬁﬂ-hk}i‘_‘i /
= Ne— [
1 O o o T e 2 :
0 550 T80 I 00d Maten g
T [ETHI
Figure 1. Ujung Kulon National Park
S lom
E
o]
mn
| £50m
150 m
Figure 2. Sample plot dimension
Data Collection because they were indifferent, and Indonesian beach

The data collection of the number of species and
individuals for each species used a nested rectangular
plot with three repetitions (Figure 2). The plot length
was parallel to the shoreline and perpendicular to the
slope aspect. The data collection used a2 m x 2 m, 5 m
x 5 m, 10 x 10 m, and 20 m x 20 m for seedlings,
saplings, poles, and trees, respectively. For tree
measurement, the plot's dimension could reach a
maximum of 50 m x 50 m because the maximum width
of the beach forest was 50 meters (Goltenboth et al.
2006). This maximum width includes the transitional

area or ecotone between beach and lowland forests
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forests were relatively similar (Goltenboth et al.
2006). When the square plots reached their maximum
width, the data collection continued by increasing the
plot length parallel to the shoreline by 20 meters each
time until the number of species was saturated. In this

research, the maximum plot length was 150 meters.

Thedistance between plots was 50 meters (Figure 2).

Data Analysis
Sanders (1968) introduced the rarefaction
method (E(S,)), which resulted in an overestimated

estimation. Hulbert (1971) improved this rarefaction
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method by using the following formula to address this

overestimation.
s NﬁNi)
E(Sn) =Z 1-
T
with
(N—N.) _ (N-N)!
n7 7 () (IN-N]]-n)!
N!
N = om

where E(S,) = expected number of species from the
sample data; s = number of species; n = standardized
sample size; N = number of individuals recorded; Ni =
numberof individuals of thei" species.

The rarefaction method resulted in species
rarefaction curves. The rarefaction curves
progressively rose as the plot dimensions increased
and reached a point of saturation where a further
increase in plot dimension resulted in no additional
species. The starting point of flattened curves
indicated the optimal sample plot dimensions. The
PAST (Paleontological Statistics) 4.03 software
produced rarefaction curves for each sample plot

dimension, ranging from 2 m x 2 m to 50 m x 150 m.

This research compared the results of rarefaction
curvesand the species-area curves introduced by Cain
(1938). Cain (1938) suggested that the optimal sample
plot dimension can be determined when 10% of the
total plot produces 10% of the recorded species. The
method first determined the coordinate (x, y), where
the x was at 10% of the total size of sample plots, and y
was at 10% of the total species recorded. A line m
connected the (x,y) coordinate and the origin O (o, 0).
Aline n was drawn parallel to line m asa tangent to the
species-area curve. The projection of the tangent
point on the x-axis was the optimal plot dimension

(Figure3).

Results and Discussion

Optimal Plot Dimensions

The rarefaction curves of all three research sites
increased by one to four species as the sample plot
dimensions increased. At Karang Ranjang 1, the
rarefaction curves flattened afterreaching 50 m x 50 m
and captured 16 species. However, at Karang Ranjang 2
and Legon Pakis the rarefaction curves flattened after

reaching 110 m x 50 m and 9o m x 50 m, which could

Species Area Curve
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Figure 3. Illustration of species-area curve
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Figure 4. Rarefaction curves for seedlings

capture 14 and 21 species. The 110 m x 50 m was the
optimal sample plot dimension because this
dimension could capture all seedling-level species at
theresearchsites.

The number of species increased as the sample
plotdimension increased (Table1). At the optimal plot
dimension, the number of seedling species also
reached the maximum. The species-area curves also
indicated similar results (Figure 5). As the sample plot
dimension increased, the species-area curves
increased. The 110 m x 50 m dimensions captured all
seedling species.

The dimensions of the sample plots were different
for each ecosystem. An 80 m x 40 m plot dimension
could capture all mangrove forest ecosystem seedling
species (Mulya 2021). Meanwhile, the 200 m x 50 m
was the optimal plot dimension for the lower montane
forest of Gunung Ciremai National Park because it
could capture more plant species richness than other

sample plotdimensions (Ali 2018).

The optimal sample plot dimensions depended
on the forest ecosystem characteristics, especially
their size. The optimal sample plot dimension for
beach forest seedlings was smaller than the lower
montane forest (Ali 2021) and lowland forest (Kusuma
2007) but larger than the mangrove forest (Mulya
2021). Beach forests were smaller than lower montane
and lowland forests. Ecosystems with a large area
could accommodate various plant and animal species
(Connor &McCoy 2013).

The rarefaction curves for saplings also increased
as the sample plot dimensions increased (Figure 6),
capturing one to four species. At Karang Ranjang 1
and Legon Pakis, the rarefaction curve flattened after
reaching 9o m x 50 m and could capture 14 and 20
species. However, at Karang Ranjang 2, the rarefaction
curves flattened after reaching 110 m x 50 m and could
capture 12 species. Therefore, the optimal sample plot
dimension for the saplingswas 110 m x 50 m.

The number of sapling species increased as the

Table 1. Number of seedling species for each sample plot dimension

Dimension Karang Ranjang 1 Karang Ranjang 2 Legon Pakis

S S S

2Xx2 4 3 7
5%X5 6 5 8
10 X 10 7 5 14
20 X 20 7 6 18
30 X 30 1 9 20
40 X 40 15 9 20
50 X 50 16 10 20
70 X 50 16 1 20
90 X 50 16 1 21
110 X 50 16 14 21
130 X 50 16 14 21
150 X 50 16 14 21
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Figure 6. Rarefaction curves for saplings

Table 2. Number of sapling species for each sample plot dimension

Dimension Karang Ranjang 1 Karang Ranjang 2 Legon Pakis

S S S

5%5 1 2 4
10 X 10 2 5 7
20 X 20 4 7 17
30 X 30 7 8 17
40 X 40 1 8 17
50 X 50 1 8 18
70 X 50 13 1 19
90 X 50 14 1 20
110 X 50 14 12 20
130 X 50 14 12 20
150 X 50 14 12 20

sample plot dimension increased (Table 2). The
optimal plot dimension could capture the maximum
number of sampling species at each site. The species-
area curves also indicated similar results to the
rarefaction curves (Figure 7). The species-area curves

increased as the sample plot dimensions increased
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and flattened after reaching 110 m x 50 m because the
numberof'sapling species wassaturated.

Stohlgren et al. (1995) suggested that a 4: 1 plot
dimension could capture 30% more plant species
richness than others, such as a 11 plot dimension

(Gileretal. 2016). In Gunung Halimun Salak National
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Figure 8. Rarefaction curves for poles

Park mountain forests, the 160 m x 20 m sample plot
dimension captured more sapling species than other
plots (Nahla 2018). However, the 80 m x 40 m sample
plot dimension in mangrove forests captured more
sapling species than plots with 4: 1 dimension (Mulya
2021). Previous research suggested that the size of the
forest ecosystems determined the optimal sample plot
dimensions. Ecosystems with a large area could
accommodate many species of plants and animals,
even in homogeneous habitat conditions (Kallimanis
et al. 2008). Therefore, the optimal sample plot
dimension of lowland and lower montane forests was
larger than the optimal sample plots of beach
forests.

The rarefaction curves for poles increased as the

sample plot dimensions increased (Figure 8),
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capturing one to three species. At Legon Pakis, the
rarefaction curves flattened afterreaching 70 m x 50 m
and captured 12 pole species. However, the rarefaction
curves flattened at the other two sites after reaching
1no m x 50 m and captured 14 species at Karang
Ranjang 1 and nine at Karang Ranjang 2. The optimal
sample plot dimension for poles was 110 m x 50 m to
captureall polespeciesatall researchsites.

The number of pole species increased as the
sample plot dimension increased (Table 3). The
species-area curves increased as the sample plot
dimension increased (Figure 9). The 10 m x 50 m
sample plot dimension could capture all pole species
atthethreeresearchsites.

The 200 m x 50 m became the optimal plot

dimension for the lower montane forest of Mount
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Table 3. Number of pole species for each sample plot dimension

Dimension Karang Ranjang 1 Karang Ranjang 2 Legon Pakis
S S S
10 X 10 o 2 2
20 X 20 2 3 7
30 X 30 7 3 8
40 X 40 8 3 8
50 X 50 10 4 1
70 X 50 12 7 12
90 X 50 13 8 12
110 X 50 14 9 12
130 X 50 14 9 12
150 X 50 14 9 12
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Figure 10. Rarefaction curves for trees

Ciremai National Park (Ali 2018). However, the 250 m
x 40 m dimensions in the Central Amazon lowland
forest captured more tree species richness than the1oo
m x 100 m (Laurance et al. 1998). Both results
suggested no universal optimal plot dimension for all
ecosystem types. A Larger ecosystem would have a
larger optimal sample plot dimension. For example,

the optimal sample plot size for poles in this research
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was smaller than lowland forest, which was 113.4 m x
1u3.4 m (Kusuma, 2007)but larger than mangrove
forest.

The rarefaction curves for trees increased as the
sample plot dimensions increased (Figure 10) and
captured one to four species. At Legon Pakis, the

rarefaction curves flattened after reaching 50 m x 50

m, capturing nine species. However, at Karang
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Ranjang 1, the rarefaction curves flattened after
reaching 110 m x 50 m and captured 19 species. At
Karang Ranjang 2, the rarefaction curves flattened
after reaching 150 m x 50 m and captured 15 species.
This optimal sample plot dimension was 150 m x 50 m
tocaptureall treespeciesinall research sites.

The number of tree species increased as the
sample plot dimension increased (Table 4), with the
optimal plot dimension of 150 m x 50 m. The species-
area curves increased as the sample plot dimension
increased (Figure 1), indicating that the 150 m x 50 m
dimension captured all tree species in all research
sites.

The rarefaction and species-area curves did not
flatten at 150 m x 50 m. However, increasing the
sample plot dimension larger than 150 m x 50 m did
not affect the number of tree species. Although
previous research suggested that the maximum width

of the beach forests was 50 meters, including ecotones

between the beach and lowland forests (Goltenboth et
al. 2006), their actual maximum width was unknown.
In addition, Indonesia's beach forests were relatively
alike among regions and hosted similar plant species
but had various formations. The ecotones had higher
plantspeciesrichnessthan the beach forests.

Condit et al. (1996) revealed that a 1000 m x 1 m
plot dimension could capture more tree species
richness than other sample plot dimensions in the
lowland forests of Malaysia, Colorado Barro Island,
and thedeciduous forests of India. An 8o m x 20 m plot
dimension could capture all tree species in the
mangrove forest ecosystem (Mulya 2021). Meanwhile,
the 113.4 m x 113.4 m plot dimension could capture all
tree species in lowland forests (Kusuma, 2007). Based
on the species-area relationship, a more extensive
ecosystemarea could accommodate morespeciesthan
smaller ones and require larger sample plot

dimensions. Therefore, the optimal sample plot

Table 4. Number of tree species for each sample plot dimension

Dimension Karang Ranjang 1 Karang Ranjang 2 Legon Pakis
S S S
20 X 20 5 3 3
30 X 30 7 6 6
40 X 40 8 6 6
50 X 50 12 7 9
70 X 50 16 10 9
90 X 50 18 13 9
110 X 50 19 13 9
130 X 50 19 13 9
150 X 50 19 15 9
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dimension for beach forest trees was smaller than
lowland and montane forests but larger than
mangrove forests.

The rarefaction method used in this research
produced similar results, but using the results should
be careful. The rarefaction method is a statistical
method to estimate and compare an ecosystem's
species richness (Zhao et al. 2010). This measurement
could yield a reasonable estimate if the ecosystem,
area, or taxa were comparable or similar. For example,
the species richness of lowlands was different from
and not comparable with beach forests. The
rarefaction method would also produce a good
measurement for the same sample plots dimension
because different plot area resulted in different species
richness.

Cain's (1938) species-area curve was more
straightforward than the rarefaction method.
Individuals without quantitative ecology
backgrounds could use this method to determine the
optimal sample plot dimension. However, this
method involved subjective judgment (Werger 1972),
and ecologists seldom used it. The rarefaction method
was more popular than the species-area curve method
fordetermining optimal sample plots (Zhaoetal. 2010;
and Mulya 2021). Despite being used frequently, the
rarefaction method required a random species
distribution. However, in their natural habitats,
species tended to be clustered. This clustered species
distribution tended to overestimate species richness
because samples from a single site contained only a
limited number of species with high abundance

(Collinsand Simberloff 2009).

Conclusion
The results suggested that the rarefaction and the
species-area curves increased as the sample plot
dimension increased and flattened when the number

of species was saturated. The plot dimensions of 110 m
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x 50 m captured all seedling, sapling, and pole species,
while 150 m x 50 m captured all tree species. The 150 m
x 50 m became the optimal sample plot dimension
because increasing the sample plot dimension larger
than 150 m x 50 m did not affect the number of beach
forest species. As the maximum width of the beach
forest was 50 m, including ecotone, increasing the
sample plot dimension would only increase the
number of ecotone species. The rarefaction and
species-area curve methods resulted in similarsample
plot dimensions for seedling, sapling, pole, and tree

species.

References

Ali MA. 2018. Penentuan bentuk dan dimensi petak contoh
optimal untuk pengukuran keanekaragaman spesies
tumbuhan pada ekosistem hutan pegunungan bawah.
Thesis (Unpublished). Faculty of Forestry, Bogor
Agricultural University, Bogor.

Bacaro G, Rocchini D, Diekmann M, Gasparini P, Gioria M,
Maccherini S, Marcantonio M, Tordoni E, Amici V,
Landi S, Torri D, Castello M, Altobelli A, Chiraucci A.
2015. Shape matters in sampling plant diversity:
evidence from the field. Ecological Complexity 24:
37-45.

Barnett DT, Stohlgren TJ. 2003. A nested-intensity design for
surveying plant diversity. Biodiversity and
Conservation12(2):255-278.

Cain SA. 1938. The species-area curve. American Midland
Naturalist.19: 573-581.

Condit R, Hubbell SP, Lafrankie JV, Sukumar R, Manokaran
N, Foster RB, Ashton PS. 1996. Species-area and
species-individual relationships for tropical trees: a
comparison of three 50-ha plots. Journal of Ecology
84(4):549-562.

Connor EF, McCoy ED. 2013. Species-Area Relationships.
Encyclopedia of Biodiversity. 6: 640 - 650.

Goltenboth F, Timotius KH, Milan PP, Nargraf J. 2006.
Ecology of Insular Southeast Asia: The Indonesian
Archipelago. Pages 281-294. Elsevier Science, UK.

Giiler B, Jentsch A, Apostolova I, Bartha S, Bloor JMG,
Campetella G, Canullo R, Hazi ], Kreyling ], Pottier J,
Szabo G, Terziyska T, Ugurlu E, Wellstein C,
Zimmermann Z, Dengler J. 2016. How plot shape and
spatial arrangement affect plant species richness
counts: implications for sampling design and
rarefaction analyses. Journal of Vegetation Science
27(4):692-703.

Hulbert SH. 1971. The nonconcept of species diversity: a
critique and alternative parameters. Ecology 52(4):
577-586.

Kallimanis AS, Mazaris AD, TzanopoulusJ, Halley JM, Pantis
JD, Sgardelis SP. 2008. How does habitat diversity affect
the species-area relationship?. Global Ecology and
Biogeography.1-7.



Nurkholis et al. (2023)/ Jurnal Ilmu Kehutanan 17(1):56-66

KeeleyJE, Fotheringham CJ. 2005. Plot shape effects on plant
species diversity measurements. Journal of Vegetation
Science16(2):249-256.

Kunin WE. 1997. Sample shape, spatial scale and species
counts: implication for reserve design. Biological
Conservation 82(3):369-377.

Kusuma S. 2007. Penentuan bentuk dan luas plot contoh
optimal pengukuran keanekaragaman spesies
tumbuhan pada ekosistem hutan hujan dataran
rendah. Theses (Unpublished). Faculty of Forestry,
Bogor Agricultural University, Bogor.

Laurance WF, Ferreira LV, Rankin-de Morena JM, Hutchings
RW. 1998. Influence of plot shape on estimates of tree
diversity and community composition in Central
Amazonia. Biotropica3o: 662-665.

Mulya H. 2021. Penentuan bentuk dan luas petak contoh
optimal untuk pengukuran keanekaragaman spesies
tumbuhan pada ekosistem hutan mangrove. Theses
(Unpublished). Faculty of Forestry, Bogor Agricultural
University, Bogor.

Mostafa SA, Ahmad IA. 2017. Recent developments in
systematic sampling: a review. Journal of Statistical
Theoryand Practice 12(2): 290 310.

Nahla S. 2018. Penentuan bentuk dan luas petak contoh
optimum pengukuran keanekaragaman jenis
tumbuhan tingkat pancang hutan pegunungan.
Undergraduate Theses (Unpublished). Faculty of
Forestry, Bogor Agricultural University, Bogor.

Sanders HL. 1968. Marine benthic diversity: a comparative
study. The American Naturalist 102(925): 243-282.

Stohlgren, TJ, Falkner MB, Schell LD. 1995b. A modified-
Whittaker nested vegetation sampling method.
Vegetatio 117:113-121.

Stohlgren TJ, Bull KA, Otsuki Y. 1998c. Comparison of
rangeland vegetation sampling techniques in the
Central Grassland. Journal of Range Management
51(2):164-172.

Triantis KA, Guilhaumon F, Whittaker R]J. 2012. The island
species-area relationship. Biology and Statistics.
Journal Of Biogeography 39: 215-231.

Tjorve E. 2003. Shapes and functions of species-area curves:
a review of possible models. Journal of Biogeography
30: 827-835.

Tjerve E, Kunin WE, Polce C, Tjorve KMC. (2008) The
species—area relationship: Separating the effects of
species-abundance and spatial distribution. Journal of
Ecology 96(6): 141-1151.

Werger MJA. 1972. Species - area relationship and plot size:
with some examples from South African vegetation.
Bothalia10 (4): 583-594.

ZhaoJ, Ouyang Z, Xu W, Zheng H, Meng X. 2010. Sampling
adequacy estimation for plant species composition by
accumulation curves—A case study of urban vegetation
in Beijing, China. Landscape and Urban Planning
95(3): 113-121.

Zhang S, Zhang Q, Yan Y, Han P, Liu Q. 2021 Island
biogeography theory predicts plant species richness of
remnant grassland patches in theagro-pastoral ecotone
of northern China. Basicand Applied Ecology 54:14—22.

66



