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Abstract: Mangrove restoration in Trenggalek, East Java has resulted an age variation
of mangrove ecosystem. Diverse species of insects predominantly found in mangroves
were collected using yellow pan traps, swipe nets and by direct picking from three different
sites. This research was conducted from April until August 2015. There are 9,181 individual
insects associated with mangroves comprised of 42 species from 31 families and eight
orders. The first site or the 15 years old mangrove (66.22% canopy cover) indicated the
highest Shannon diversity index at 2.54, Evenness index of 0.32 and Margalef richness
index of 4.84. The lowest diversity was recorded in the third site or the five years old
mangrove (19.65% canopy cover), with the Shannon diversity index at 2.28, Evenness
index at 0.26 and Margalef richness index at 4.59. The most abundant species located
was the Eristena mangalis, with 1,724 individuals (relative abundance of 18.78%), followed
by Monolepta sp. with 1,649 individuals (relative abundance of 17.96%). These are the
phytophagous insects associated with mangrove leaves. This study concluded that the
older mangrove ecosystem have a denser canopy that supports insect life.

Keywords: Abundance, Canopy Cover, Diversity Index, Herbivores Insect, Mangrove
Restoration

INTRODUCTION

Since mangrove destruction started, efforts are being made to conserve
mangrove as they are valuable for social life and extremely beneficial for
ecosystems (Brander et al. 2012; Kerry 2017; Kusmana 2018). Mangroves can
occupy the intertidal area, they interact with aquatic and terrestrial ecosystems,
which helps to support diverse flora and fauna under mangrove vegetation
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(Macintosh & Ashton 2002; Romanach et al. 2018; Martin et al. 2019), one of
which is insects. Insects play a crucial role in ecology and provide a strong linkage
between the mangrove ecosystem and round ecosystems (Anneboina & Kavi
2017).

Insects can be permanent residents or temporary visitors to the mangrove
ecosystem and might play as a pest (Faridah-Hanum et al. 2014; Srinivasan et al.
2014). They are herbivores that feed on leaves, flowers, seeds, stem or mangrove
propagules (Macintosh & Ashton 2002; Ong et al. 2010). Honeybees are also
associated with mangrove as they can be helpful, since the mangrove apiculture
is an activity in economic productivity (Hill & Webster 1995; Ong et al. 2010;
Fernandes et al. 2012; Kusmana 2018). Furthermore, some insects play crucial
roles as pollinators that can maintain the ecosystem by ensuring reproduction
(Macintosh & Ashton 2002; Chen et al. 2018).

Insects play an important role in nutrient flow and biochemical energy in
the mangrove ecosystem. The high abundance of insects in mangroves confirms
mangrove litter detritus formation and ecosystem function (Rahman 2002; Cannicci
et al. 2008; Nagelkerken et al. 2008). This insect plays a significant role in detritus
production processes and energy flow in the inshore mangrove system (Fleming
et al. 1990; Rahman 2002). Furthermore, the turnover rate of nutrients and organic
sedimentation are also increased by the attack of mangrove insects on the leaves
and stems (Macintosh 1991; Rahman 2002; Krauss et al. 2008). The abundance
of insects in the colonies of dead mangrove tree trunks and fallen timber increase
the detritus formation (Ng & Sivasothi 2002; Rahman 2002; Nagelkerken et al.
2008).

Mangrove insects have been studied at some locations in Southeast Asia
(Rahman 2002; Rahmawaty et al. 2005; Ong et al. 2010; Yatin et al. 2015). Further
study in other locations need to be performed to provide necessary information
related to the insect in the mangrove ecosystem. Mangrove ecosystems in
Trenggalek, East Java, Indonesia are constantly under pressure due to various
human activities, such as farming and agriculture. They have an impact on
the exploitation of existing biological resources, which is the destruction of the
mangrove ecosystem. The activities of preserving mangrove area have been
carried out in the last few years by planting some species of mangrove.

The planting of mangroves in several locations has resulted in age
variations of the mangrove ecosystem in Trenggalek. Therefore, it is necessary to
conduct a study that focused on the insect structure in a different age of mangrove.
The parameters used to describe the insect structure are abundance and diversity
of insects. It will be useful for gaining basic information for future research focused
on the diversity of insects in mangrove and further conservation management of
the mangrove ecosystem. Furthermore, it will be the evidence of the relationship
between insect diversity and canopy percentage.The results of abundance and
diversity of insects should be different depending on the age of mangrove and
canopy density.
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MATERIALS AND METHODS
Study Site and Determination of Sampling Unit

This study was conducted from April until August 2015 at the mangrove area in
Trenggalek region (—8.3068715, 111.7062334) which is under the management of
Marine and Fishery Office of Trenggalek, East Java, Indonesia. There were three
different mangrove ages, 15 years old (first site), eight years old (second site)
and five years old (third site) (Syaifudin 2010). Tree height is also measured as
a support data for mangrove age (Kalliovirta & Tokola 2005; Altman et al. 2016).
Each site is separated by 5 km distance. A total number of 15 mangrove species
exist in this location: Rhizophora apiculata, Rhizophora mucronate, Terminalia
catappa, Scyphyphora hydrophyllacea, Heritiera littoralis, Bruguiera cylindrical,
Sonneratia alba, Lumnitzera racemosa, Xilocarpus muloccensis, Lumnitzera
littorea, Avicennia lanata, Avicennia marina, Ceriops tagal, Ceriops decandra and
Exocaria agalocha (Syaifudin 2010).

A total of 15 plots (10 m x 10 m for each plot) were assigned in each
site. The highest tree from each plot will be used as a centre tree. The average
distance among plots was 50 m. These plots are placed by using purposive random
sampling and arranged to cover each site. The tree height, canopy density and
insect sampling will also be measured in the same site.

Tree Height and Canopy Measurement

Thirty (30) trees selected from each site (two trees from each plot) will be used for
tree height and canopy measurement. The tree height is measured using indirect
techniques. An indirect technique is the most commonly used for standing trees
(Larsen et al. 1987) because the tip is often inaccessible. Using a range finder
calibrated in meters, the distance from a squatting position to the highest point on
the tree crown was measured. The distance from the same spot to the tree base
was also measured with a measuring tape (Leverett 2010; Hunter et al. 2013).
Based on the Pythagoras Theorem of right-angled triangles, the tree height was
finally computed.

C=(a2-b? x %

where;

a = the distance to the highest point on the tree (hypotenuse)
b = the distance to the tree base

C = the tree height

The canopy is measured using densiometer for 30 trees (the same
tree used for tree height measurement). Four observations are made for each
tree and the accurate duplication of the observer procedure must be assured
(Williams et al. 2003). The densiometer holding it at breast height. The canopy
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density is estimated by counting how many of 24 squares on a mirrored grid are
covered by image of the canopy. The curved mirror reflects the canopy above and
canopy closure. During each observation, the observer should try to: (i) hold the
instrument level, (ii) keep it oriented in the desired direction, and (iii) hold a certain
viewing angle so as to prevent parallax of the reflection angle between the eye and
the mirror (Nuttle 1997; Korhonen et al. 2006).

Sampling Techniques and Insect Identification

Insects are collected by using a yellow pan trap, swipe net and direct picking in all
sites twice in a month. The yellow pan trap (& 20 cm) are installed into each plot
by 50 cm from ground (15 pan traps per site). Each pan trap filled by water and
detergent to break the water surface. All pan traps are modified with a netting on
the site to prevent overflow during heavy rainfall. The traps installation started at
07:00 am and collected three days later. Insects explorations are also conducted
by using swipe net every 3 h (started 07:00 until 16:00) in the same plot (15 plots
10 m x 10 m per site explored by swipe net and direct picking). Sometimes the
plant material needed to be sampled by cutting the stems and branches with plant
cutters because some insects such as wood-borers insect can only be found in
the stems or branches (Kandasamy 2003; Ong et al. 2010). The insect captured
in this study will be placed in ethanol 70% and brought to Ecology laboratory
at State University of Malang for further identification. Samples were identified
from the lowest taxonomic level following some insect identification key based on
morphological character (Murphy 1989; Commonwealth Scientific and Industrial
Research Organisation (CSIRO) 1991; Ping et al. 2003; Braby 2011; Yen 2012;
Schnitzler et al. 2014).

Data Analysis

All the data were calculated using Microsoft Excel. The difference of tree height
and canopy cover was tested using analysis of variance (ANOVA). Insect diversity
for each site was analysed using Shannon index (H’), Evenness index (E’) and
Richness index (R) and calculated using Margalef Index in R statistical software.
The estimated curve to visualise the collected species number is calculated using
PAST version 3 software.

RESULTS
Tree Height and Canopy Cover of Mangrove

Mangrove ecosystem in Trenggalek has different tree height and canopy cover
based on mangrove age (Table 1). In this study, the older mangrove has the highest
tree (F, ¢, = 646.74, P < 0.001) and denser canopy compared to the youngest
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mangrove (F, g; = 402.76, P < 0.001). Mangrove in the first site (15 years old) has
the highest tree (8.36 m) and denser canopy (66.22%) followed by the second site
or 8 years old mangrove with 4.68 m tree height and 30.51% for canopy cover
and 5 years old mangrove has the lowest tree height (2.26 m) and canopy cover
(19.65%).

Table 1: Tree height and canopy cover comparison for each site.

Location® Number of Tree height Min—max height Canopy cover Min—max canopy
samples (m)° (m) (%)° cover (%)
First site 30 8.367 7.16-9.87 66.222 46.58-78.21
Second site 30 4.68° 3.28-6.01 30.51° 22.35-39.14
Third site 30 2.26° 1.09-3.41 19.65° 7.23-32.40

Notes: 2 Three site with different mangrove age. Firstsite is 15 years old mangrove, second site is eight years old mangrove and third
site is three years old mangrove
The tree height and canopy cover percentage that followed by different letter indicated significantly different based on DMRT (95%)

The Insect Diversity and Abundance

This study found 9,181 individual of insects associated with mangrove, consisting
of 42 species from 31 families and 8 orders (Table 2). Lepidoptera was the
dominant species (44.43%), followed by Coleoptera (43.03%), Hymenoptera
(7%), Diptera (2.86%), Orthoptera (1.33%), Hemiptera (1.23%), Blatodea (0.08%)
and Mantodea (0.03%) (Fig. 1). Species with the most abundant insects was
Eristena mangalis (Lepidoptera: Pyralidae) with 1,724 individuals (18.78%),
followed by Monolepta sp. (Coleoptera: Chrysomelidae) with 1,649 insects
(17.96%) and Rhyparida wallacei (Coleoptera: Chrysomelidae) with 1,262 insects
(13.75%).

The number of species and individual that were found in the first site
(40 species and 3,169 individuals) were higher compared to the second
(39 species and 2,889 individuals) and the third site (37 species and 9,181
individuals). The three sites showed high insect diversity (H > 2.0); first site
(H = 2.54), second site (H’ = 2.34), and third site (H’ = 2.29). Additionally, the
first site accounts for the highest value for Shannon diversity index (H = 2.54),
Evenness index (E’ = 0.32), and Margalef richness index (R’ = 4.84) (Fig. 2).
The estimation of insect species demonstrate an increase in the number of
species in plot 1 to plot 4. This shows that a large number of insect species were
found during the sampling period. Then, in the fifth plot, the estimated curve
reached the asymptote point, and there was no curve increase until the end of the
plot (Fig. 3). Achieving the estimator curve at the asymptote point shows that the
observed mangrove insects are well collected. In addition, the estimation curve
that reaches the asymptote point is suspected because there are no rare species
(Rubio et al. 2008).
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Figure 1: The percentage of each order from captured insect.
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Figure 2: Comparison of insect diversity index measured by (a) Shannon diversity index,
(b) Evenness index, and (c) Margalef richness index.
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Figure 3: Estimates of insects on mangrove ecosystem based on number of plots.

Table 2: The number of insects associated with mangrove based on a different age.

Number of species per site

Order Family Insects species First Second Third > %
site site site

Blatodea Blattidae Blatta lateralis 1 5 1 7 0.08

Coleoptera Curculionidae Dendroctonus frontalis 120 194 140 454 4.94
Attelabidae Rhynchites sp. 81 71 52 204 222
Cerambycidae Aeolesthes holosericeus 47 76 37 160 1.74
Chrysomelidae Monolepta sp. 506 173 970 1649 17.96
Chrysomelidae Rhyparida wallacei 289 628 345 1262 13.75
Scolytidae Coccotrypes rhizophorae 85 85 52 222 2.42

Diptera Calliphoridae Lucilia sericata 2 1 1 4 0.04
Culicidae Aedes egipty 11 23 20 54 0.59
Muscidae Musca domestica 49 39 37 125 1.36
Syrphidae Eristalinus sp. 3 1 2 6 0.07
Syrphidae Allograpta sp. 23 18 29 70 0.76
Tephritidae Elleipsa sp. 2 1 1 4 0.04

Hemiptera Alydidae Leptocorisa sp. 2 2 0 4 0.04
Cicadellidae Cicadella viridis 2 2 3 7 0.08
Pseudococcidae Pseudococcus comstocki 37 35 15 87 0.95
Scutelleridae Calliphara excellens 2 2 1 5 0.05
Pentatomidae Murgantia histrionica 1 1 0 2 0.02
Pentatomidae Calliphara sp. 2 1 5 8 0.09

(Continued on next page)
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Table 2 (Continued)

Number of species per site

Order Family Insects species First Second Third > %
site site site

Hymenoptera  Apidae Apis indica 10 9 9 28 0.30
Apidae Xylocopa violacea 1 2 0 3 0.03
Calcididae Calcididae sp.1 3 1 1 5 0.05
Calcididae Calcididae sp.2 2 1 0 3 0.03
Formicidea Atta sexdens 319 77 40 436 4.75
Formicidea Atta sp. 62 32 55 149 1.62
Formicidea Plectroctena sp.1 3 2 1 6 0.07
Formicidae Plectroctena sp.2 1 0 1 2 0.02
Ichneumonidae Ichneumonidae sp. 2 0 1 3 0.03
Apidae Xylocopa virginica 0 3 1 4 0.04
Vespidae Polistes fuscatus 2 1 1 4 0.04

Lepidoptera Noctuidae Autoba alabastrata 231 121 183 535 5.83
Pyralidae Eristena mangalis 357 899 468 1724  18.78
Phyllocnistidae Phyllocnistis sp. 86 101 56 243 2.65
Tortricidae Eupoicillia sp. 134 89 187 410 4.47
Xyloryctidae Odites sp. 645 152 370 1167  12.71

Mantodea Mantidae Archimantis sp. 0 1 2 3 0.03

Orthoptera Acrididae Patanga japonica 7 8 14 29 0.32
Acrididae Omocestus viridulus 10 15 10 35 0.38
Tettigoniidae Eulophophyllum sp. 1 3 7 0.08
Pirgomorphydae Atractomorpha crenulata 8 3 19 0.21
Pirgomorphydae Atractomorpha lata 17 8 5 30 0.33
Gryllidae Apteronemobius sp. 1 0 1 2 0.02

Insect abundant per site 3,169 2,889 3,123 9,181 100.00

DISCUSSIONS

The mangroves ecosystem provides habitat and resource that supports a large
number of insects at different trophic levels (Faridah-Hanum et al. 2014). Insects
perform many vital functions. They aerate the soil, pollinate blossoms and control
insect and plant pests. The primary trophic groups are herbivorous insects that feed
on leaves, wood borer, and flower/fruit/seed-feeding (Cannicci et al. 2008; Doydee
et al. 2010); saproxylic and saprophagous insects feed on dead and decaying
organic material (Fleming et al. 1990), and parasitic and predatory insects feed or
prey on other animals (Nagelkerken et al. 2008).
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Most of the insects in this study are Lepidopteran and Coleopteran.
Most of them are herbivore insects that feed on leaves and stem borer.
Other studies also mention that both orders become dominant insect at mangrove
ecosystem in Alas Purwo National Park, East Java (Astri ef al. 2018) and Gili Meno,
North Lombok (Yatin et al. 2015). The larvae of common aquatic moth, Eristena
mangalis — a moth of the Pyralidae family, feed on young leaves (Macintosh
1991; Nagelkerken et al. 2008). The larvae of Odites sp., known as mangrove
moth, are found on the foliage of various species of Rhizophoraceae (Kandasamy
2003). One of the most common leaf-eating beetles in the mangrove is Rhyparida
wallacei (Macintosh 1991). Another beetle that is dominant in mangrove is
Monolepta sp. beetle, which can cause extensive leave damage, especially on
Avicennia mangrove (Kandasamy 2003; Faridah-Hanum et al. 2014). Among
the insects, ants play an important ecological role. Their high abundance and
multitude of interactions are engaged in making them essential for ecosystem
functioning (Wilson 1959; Cannicci et al. 2008). Ants are able to protect plants
against herbivores via their predatory and territorial behaviour (Bronstein 1998;
Styrsky & Eubanks 2007).

The species found in this study were more diverse compared to different
locations in Indonesia. Astri et al. (2018) reported that 12 species from 9 families
were associated with mangrove in Alas Purwo National Park, East Java. Eighty
arboreal insects were found in Kupang bay, East Nusa Tenggara (Tokan et al.
2018). Ashuri et al. (2016) also reported that 32 insects were found in the ecosystem
of mangrove in Wonorejo, Surabaya. Another result from outside Indonesia, the
study in Singapore reported that 16 species found and Monolepta sp. beetle
becomes a serious pest in mangrove in Singapore (Lim et al. 2001). The bark
beetles, Dendroctonus sp. found in this study is D. frontalis while the bark beetle
found in Tamil Nadu, India is D. mican (Srinivasan et al. 2014). Furthermore, the
leaf webbing caterpillar, Odites sp. were also reported attacking all the species of
Aviciennia spp. in Tamil Nadu, India (Kandasamy 2003).

This research has found that the first site has a greater diversity index
compared to others. This may be because the first site, which is the oldest of the
three ecosystems, has a denser canopy typical (Cannicci et al. 2008), resulting in
a greater contrast in light levels (Tokan et al. 2018). Vertical structure complexity
increases with successional age (Humphrey et al. 1999). In addition, Intachat
et al. (1999) also reported that mangroves could be expected to have lower
herbivore diversity than other types as a result of their lower dense canopy.

Some studies have mentioned that the tree canopy supports the highest
diversity of insect. The study from Simmon and Linsenmair (2001) in Malaysia
mentions that the density of herbivorous insects associated with the canopy of
Qurcus subsericea is greater in the dense canopy compared to the lower canopy,
suggesting that these microenvironments were appropriate with the insect
communities. On the other hand, the number of herbivorous insect was higher in
the understory than in canopy (Murakami et al. 2007; Levey et al. 2016), meaning
that the environmental factors such as light can explain this result (Rego et al.
2019).
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The results from this study indicate that diverse species of insects are
found in a mangrove in Trenggalek, East Java. Mangroves provide a habitat that
supports a large number of insects at different trophic levels (Nadkarni 2001;
Valencia-Cuevas & Tovar-Sanchez 2015). Further study will help us to identify
the new species of coastal environmental insects and analyse the same factors
that can support insect life. On the other hand, insects and plants are becoming
extinct because of habitat loss, over-exploitation, pollution, overpopulation and
global climate change (Macintosh & Ashton 2002; Kannan & Padmanaban 2013;
Yatin et al. 2015). Hence it will be necessary to conduct a further detailed study,
including seasonal surveys and other methods, to counteract these challenges by
investigating the insects and other factors in this area for biodiversity conservation
and management.

CONCLUSION

Mangrove ecosystem is approved as a suitable ecosystem for insect. The
diverse species of insects found in this study area, where 9,181 individual insects
of 42 species from 31 families and 8 orders associated with mangroves. The
mangrove ecosystem on the first site (15 years old) has higher canopy cover
percentage (66.22%) that resulting height insect diversity compared to second site
(8 years old) and third site (5 years old). It becomes the evidence that mangrove
ecosystems have a relatively old age and dense canopy that can support more
variety of insects.

ACKNOWLEDGEMENTS

We would like to thank Saifudin and Sugik for their guidance in the field, and
also Asayid, Rizal and Yuniar who helping us to collect data during this study.
We would like to extend our acknowledge to Ecology laboratory staff in State
University of Malang who always helping in the laboratory and also field work.

REFERENCES

Altman J, Dolezal J and Cizek L. (2016). Age estimation of large trees: New method based
on partial increment core tested on an example of veteran oaks. Forest Ecology
and Management 380: 82—89. https://doi.org/10.1016/j.foreco.2016.08.033

Anneboina L R and Kavi KK S. (2017). Economic analysis of mangrove and marine fishery
linkages in India. Ecosystem Services 24: 114-123. https://doi.org/10.1016/
j.ecoser.2017.02.004

86


https://doi.org/10.1016/j.foreco.2016.08.033
https://doi.org/10.1016/j.ecoser.2017.02.004
https://doi.org/10.1016/j.ecoser.2017.02.004

Insect Diversity on Mangroves

Ashuri N M, Azis A and Sa’adah N N. (2016). The potential of arthropode diversity for
ecotourism development in Wonorejo mangrove ecosystem, Surabaya. Paper
presented at IBSC: Towards The Extended Use Of Basic Science For Enhancing
Health, Environment, Energy And Biotechnology. Surabaya, 5 April 2016.

Astri D W, Tutik |, Fitrahyanti F M, Eka A, Shifa F and Rosmanida R. (2018). Diversity of
soil macro insect in Alas Purwo National Park, Banyuwangi, East Java, Indonesia.
Journal of Tropical Biodiversity and Biotechnology 3(2): 62—66. https://doi.org/10
.22146/jtbb.33773

Braby M. (2011). Complete field guide to butterflies of Australia. Australia: CSIRO Publishing.

Brander L, Wagtendonk A, Hussain S, McVittie A, Verburg P H, de Groot R S and van der
Ploeg S. (2012). Ecosystem service values for mangroves in Southeast Asia: A
meta-analysis and value transfer application. Ecosystem Services 1(1): 62—69.
https://doi.org/10.1016/j.ecoser.2012.06.003

Bronstein J L. (1998). The contribution of ant—plant protection studies to our understanding
of mutualism. Biotropica 30(2): 150-161. https://doi.org/10.1111/j.1744-7429
.1998.tb00050.x

Cannicci S, Burrows D, Fratini S, Smith lii T J, Offenberg J and Dahdouh-Guebas F. (2008).
Faunal impact on vegetation structure and ecosystem function in mangrove
forests: A review. Aquatic Botany 89(2): 186-200. https://doi.org/10.1016/
j.-aquabot.2008.01.009

Chen M, Zhao X-Y and Zuo X. (2018). Pollinator activity and pollination success of Medicago
sativa L. in a natural and a managed population. Ecology and Evolution 8(17):
9007-9016. https://doi.org/10.1002/ece3.4256

Commonwealth Scientific and Industrial Research Organization (CSIRO). (1991). The
insects of Australia: A textbook for students and research workers. Melbourne:
Melbourne University Press.

Doydee P, Doungnamol D and Jaitrong W. (2010). Soil properties in the ranong mangrove
ecosystem, Ranong Province, Thailand. The Thailand Natural History Journal
4(2): 63-70.

Faridah-Hanum [, Latiff A, Hakeem K and Ozturk M. (2014). Mangrove ecosystems of Asia:
Status, challenges and management strategies. London/New York/Heidelberg:
Springer. https://doi.org/10.1007/978-1-4614-8582-7

Fernandes C, Luz C and Barth O. (2012). Pollen analysis of honey and beebread
derived from Brazilian mangroves. Brazilian Journal of Botany 35(1): 79-85.
https://doi.org/10.1590/S1806-99592012000100009

Fleming M, Lin G and da Silveira Lobo Sternberg L. (1990). Influence of mangrove detritus
in an estuarine ecosystem. Bulletin of Marine Science 47(3): 663—669.

Hill D and Webster T. (1995). Apiculture and forestry (bees and trees). Agroforestry Systems
29: 313-320. https://doi.org/10.1007/BF00704877

Humphrey J, Hawes C, Peace A, Ferris R and Jukes M R. (1999). Relationships between
insect diversity and habitat complexity in plantation forests. Forest Ecology and
Management 113(1): 11-21. https://doi.org/10.1016/S0378-1127(98)00413-7

Hunter M, Keller M, Vitoria D and Morton D. (2013). Tree height and tropical forest
biomass estimation. Biogeosciences Discussions 10(12): 8385-8399.
https://doi.org/10.5194/bgd-10-10491-2013

Intachat J, Holloway J D and Speight M. (1999). The impact of logging on geometroid
moth populations and their diversity in lowland forests of Peninsular Malaysia.
Journal of Tropical Forest Science 11(1): 61-78.

87


https://doi.org/10.22146/jtbb.33773
https://doi.org/10.22146/jtbb.33773
https://doi.org/10.1016/j.ecoser.2012.06.003
https://doi.org/10.1111/j.1744-7429.1998.tb00050.x
https://doi.org/10.1111/j.1744-7429.1998.tb00050.x
https://doi.org/10.1016/j.aquabot.2008.01.009
https://doi.org/10.1016/j.aquabot.2008.01.009
https://doi.org/10.1002/ece3.4256
https://doi.org/10.1007/978-1-4614-8582-7
https://doi.org/10.1590/S1806-99592012000100009
https://doi.org/10.1007/BF00704877
https://doi.org/10.1016/S0378-1127(98)00413-7
https://doi.org/10.5194/bgd-10-10491-2013

Yendra Pratama Setyawan et al.

Kalliovirta J and Tokola T. (2005). Functions for estimating stem diameter and tree age
using tree height, crown width and existing stand database information. Silva
Fennica 39(2): 227-248. https://doi.org/10.14214/sf.386

Kandasamy K. (2003). Insect foliovory in mangroves. Indian Journal of Marine Sciences
32(3): 237-240.

Kannan M and Padmanaban A M. (2013). A study on the species diversity, reachness
and evenness of selected insect orders in Erode District, Tamil Nadu, India.
International Journal of Recent Scientific Research 4(6): 790-793.

Kerry R. (2017). Biodiversity and conservation of mangrove ecosystem around the world.
Journal of Biodiversity and Conservation 1: 9—16.

Korhonen L, Korhonen K, Rautiainen M and Stenberg P. (2006). Estimation of forest canopy
cover: A comparison of field measurement techniques. Silva Fennica 40: 577-588.
https://doi.org/10.14214/sf.315

Krauss K, Lovelock C, McKee K, Lopez-Hoffman L, Ewe S and Sousa W. (2008).
Environmental drivers in mangrove establishment and early development:
A review. Aquatic Botany 89(2): 105-127. https://doi.org/10.1016/j.aquabot.2007
.12.014

Kusmana C. (2018). Mangrove plant utilization by local coastal community in Indonesia. Paper
presented at Forum IPIMA, Conference Series: Earth and Environmental Science.
Bogor, 20 November 2018. https://doi.org/10.1088/1755-1315/196/1/012028

Larsen D, Hann D and Stearns-Smith S. (1987). Accuracy and precision of the tangent
method of measuring tree height. Western Journal of Applied Forestry 2: 26-28.
https://doi.org/10.1093/wjaf/2.1.26

Leverett R T. (2010). Measuring tree height by tape and clinometer scenarios. Bulletin
Eastern Native Tree Society 5: 3—12.

Levey D, Caughlin T, Brudvig L, Haddad N, Damschen E, Tewksbury J and Evans D. (2016).
Disentangling fragmentation effects on herbivory in understory plants of longleaf
pine savanna. Ecology 97(9): 2248-2258. https://doi.org/10.1002/ecy.1466

Lim KK P, Murphy D H, Morgany T, Sivasothi N, Ng P KL, SoongB C, TanH T W, Tan K
S and Tan T K. (2001). A guide to mangroves of Singapore. Singapore: Singapore
Science Centre.

Macintosh D J. (1991). Final report of the integrated multidisciplinary survey and research
programme of the Ranong mangrove ecosystem. Thailand: National Mangrove
Committee of the National Research Council of Thailand.

Macintosh D J and Ashton E C. (2002). A review of mangrove diodiversity conservation and
management. Denmark: University of Aarhus.

Martin C, Almahasheer H and Duarte C. (2019). Mangrove forests as traps for marine
litter. Environmental Pollution 247: 499-508. https://doi.org/10.1016/j.envpol
.2019.01.067

Murakami M, Hirao T and Ichie T. (2007). Comparison of lepidopteran larval communities
among tree species in a temperate deciduous forest, Japan. Ecological Entomology
32: 613-620. https://doi.org/10.1111/j.1365-2311.2007.00917.x

Murphy D. (1989). Three new species of nymphuline moths from Singapore mangroves
provisionally attributed to Eristena Warren (Lepidoptera: Pyralidae). Raffles
Bulletin of Zoology 37(1): 142-159.

Nadkarni N M. (2001). Enhancement of forest canopy research, education, and conservation
in the new millennium. Plant Ecology 153: 361-367. https://doi.org/10.1007/978-
94-017-3606-0_29

88


https://doi.org/10.14214/sf.386
https://doi.org/10.14214/sf.315
https://doi.org/10.1016/j.aquabot.2007.12.014
https://doi.org/10.1016/j.aquabot.2007.12.014
https://doi.org/10.1088/1755-1315/196/1/012028
https://doi.org/10.1093/wjaf/2.1.26
https://doi.org/10.1002/ecy.1466
https://doi.org/10.1016/j.envpol.2019.01.067
https://doi.org/10.1016/j.envpol.2019.01.067
https://doi.org/10.1111/j.1365-2311.2007.00917.x
https://doi.org/10.1007/978-94-017-3606-0_29
https://doi.org/10.1007/978-94-017-3606-0_29

Insect Diversity on Mangroves

Nagelkerken |, Blaber S J M, Bouillon S, Greene P,Haywood M, Kirton L G, Meynecke
J O (2008). The habitat function of mangroves for terrestrial and marine
fauna: A review. Aquatic Botany 89(2): 155-185. https://doi.org/10.1016/
j.aquabot.2007.12.007

Ng P K L and Sivasothi N. (2002). A guide to the mangroves of Singapore, 2nd ed.
Singapore: National University of Singapore & Singapore Science Centre.

Nuttle T. (1997). Densiometer bias? Are we measuring the forest or the trees? Wildlife
Society Bulletin 25(3): 610-611.

Ong S P, Cheng S, Chong V and Yee-Siang T. (2010). Pests of planted mangroves in
Peninsular Malaysia. Petaling Jaya, Selangor: Cleartone Sdn. Bhd.

Ping Y, Hun L H and Wang-Shu-Xia. (2003). A taxonomic study on the genus Eristena
Warren, 1896 from China (Lepidoptera, Crambidae, Nymphulinae). Acta
Zootaxonomica Sinica 28(2): 302—-306.

Rahman A. (2002). Mangrove insect fauna of Muthupet, Tamil Nadu. Paper presented at
National Seminar on Conservation of Eastern Ghats. Tirupati, Andhra Pradesh,
24-26 March 2002.

Rahmawaty R, Kusmana C and Yayuk. (2005). Soil insects diversity on mangrove
forest in Rawa Aopa Watumohai National Park, Southeast Sulawesi-Indonesia.
Peronema Forestry Science Journal 1(2): 61-64.

Rego C, Boieiro M, Rigal F, Ribeiro S, Cardoso P and Borges P. (2019). Taxonomic
and functional diversity of insect herbivore assemblages associated with the
canopy-dominant trees of the Azorean native forest. PLOS ONE 14: e0219493.
https://doi.org/10.1371/journal.pone.0219493

Romanach S, Deangelis D, Hock L K, Li Y, Su Y T, Sulaiman R and Zhai L. (2018).
Conservation and restoration of mangroves: Global status, perspectives, and
prognosis. Ocean and Coastal Management 154: 72—-82. https://doi.org/10.1016/
j.ocecoaman.2018.01.009

Rubio G D, A Corronca J and Damborsky M. (2008). Do spider diversity and assemblages
change in different contiguous habitats? A case study in the protected habitats of
the Humid Chaco Ecoregion, Northeast Argentina. Environmental Entomology 37:
419-430. https://doi.org/10.1093/ee/37.2.419

Schnitzler F-R, Campbell R, Kumarasinghe L, Voice D and George S. (2014). Identification
guide to Coleoptera adults intercepted on trade pathways. New Zealand:
Entomological Society of New Zealand.

Simmon U and Linsenmair K E. (2001). Arthropods in tropical oaks: Differences in
their spatial distributions within tree crows. Plant Ecology 153: 179-191.
https://doi.org/10.1007/978-94-017-3606-0_14

Srinivasan B, Srinivasan M D and Mohanraj J. (2014). Diversity of some insect fauna in
different coastal habitat of Tamil Nadu, southeast coast of India. Journal of Asia-
Pacific Biodiversity 7(9): 342—349. https://doi.org/10.1016/j.japb.2014.10.010

Styrsky J D and Eubanks M D. (2007). Ecological consequences of interactions between
ants and honeydew-producing insects. Biological Science 274: 151-164.
https://doi.org/10.1098/rspb.2006.3701

Syaifudin I. (2010). The profile of Kejung Samudra: Mangrove ecotourism. Indonesia:
Pokmawas-Trenggalek.

Tokan M, Maria Imakulata M, Neolaka Y and Septya Kusuma H. (2018). Species diversity
and vertical distribution of arboreal organisms on the Paradiso Mangrove
environment of Kupang Bay, East Nusa Tenggara, Indonesia. Asian Journal of
Agriculture and Biology 6: 535-542.

89


https://doi.org/10.1016/j.aquabot.2007.12.007
https://doi.org/10.1016/j.aquabot.2007.12.007
https://doi.org/10.1371/journal.pone.0219493
https://doi.org/10.1016/j.ocecoaman.2018.01.009
https://doi.org/10.1016/j.ocecoaman.2018.01.009
https://doi.org/10.1093/ee/37.2.419
https://doi.org/10.1007/978-94-017-3606-0_14
https://doi.org/10.1016/j.japb.2014.10.010
https://doi.org/10.1098/rspb.2006.3701

Yendra Pratama Setyawan et al.

Valencia-Cuevas L and Tovar-Sanchez E. (2015). Oak canopy arthropod communities:
Which factors shape its structure? Revista Chilena de Historia Natural 88: 15.
https://doi.org/10.1186/s40693-015-0045-3

Williams M S, Patterson P L and Mowrer H T. (2003). Comparison of ground sampling
methods for estimating canopy cover. Forest Science 49(2): 235-246.

Wilson E O. (1959). Some ecological characteristics of ants in New Guinea rain forests.
Ecology and Evolution 40: 437—447. https://doi.org/10.2307/1929761

Yatin R, Rohyani | and Ahyadi H. (2015). Biodiversity of soil arthropods in mangrove
ecosystem of GiliMeno, Lombok Utara, Indonesia. Paper presented at International
Conference on Mathematics, Sciences and Education. Mataram, Indonesia, 4-5
November 2015.

Yen S H. (2012). Insecta: Lepidoptera, Crambidae, Acentropinae. Freshwater Invertebrates
1(2): 545-553. https://doi.org/10.1111/j.1365-3113.2012.00641.x

90


https://doi.org/10.1186/s40693-015-0045-3
https://doi.org/10.2307/1929761
https://doi.org/10.1111/j.1365-3113.2012.00641.x

