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Oil palm-based entomotourism is a fusion of agriculture and 
ecotourism. This sector offers a unique experience by showcasing 
biodiversity within and around oil palm plantations. However, many 
people have a negative perception toward the oil palm industry due to 
its impacts on the environment. This results in the effort of developing 
sustainable oil palm plantation. This study aimed to determine insect 
diversity in Carey Island Sime Darby EcoGardens and develop a new 
entomotourism product there. We also investigated public perception 
on the development of oil palm-based entomotourism to understand 
how individuals perceive the integration of oil palm plantations and 
entomotourism initiatives. This study employed field sampling of 
insects, a questionnaire survey, and the creation of a new 
entomotourism product. Our results show that the mangrove area in 
Carey Island Sime Darby EcoGardens have the highest insect diversity 
with Hʹ = 2.43. The questionnaire revealed a preference for Lepidoptera 
as the main taxon for entomotourism. We also suggested a new 
entomotourism package detailing activities related to Lepidoptera for a 
comprehensive visitor experience. Activities in the entomotourism 
package include oil palm plantation guided tour, catch-and-release 
activity as well as insect photography workshop. Hopefully, this 
entomotourism package can unveil the sustainable aspect of oil palm 
plantation in Malaysia. 
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1. Introduction 

Insects are directly and indirectly related to our lives and affect human well-being in many ways. Insect tourism 
or entomotourism is a bridge between humans and insects. It helps combat the negativity and contempt 
associated with insects, turning disgust into attraction [1]. There is a need to develop conservation strategies 
and policies aimed at preserving insects and promoting insect tourism [2]. Recently, entomotourism has 
garnered attention, with these small, six-legged creatures carving out a distinct space in the tourism sector. After 
being overlooked for decades, entomotourism has gained traction among both insect enthusiasts and tourists 
[3].  

The intersection of agriculture and tourism has witnessed a compelling paradigm shift in recent years, with 
a growing emphasis on sustainable and educational experiences. One intriguing facet of this evolving landscape 
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is the emergence of oil palm-based entomotourism, a niche where the dynamic interplay between agriculture 
and the insect world takes center stage. Oil palm plantations may exhibit reduced biodiversity in comparison to 
logged-over forests. However, it cannot be solely held responsible for deforestation in Malaysia, especially 
before 1985 when logging was prevalent [4].  

The European Union (EU) has formally prohibited the use of palm oil products as biofuel material among its 
member states, implementing a phased approach due to concerns about environmental damage [5]. Exporters of 
crude coconut oil have a promising opportunity in the European cosmetics market as a substitute for palm oil. 
Increasing consumer awareness of the adverse environmental effects associated with palm oil is driving the 
demand for alternatives like coconut oil [6]. However, palm oil stands out as a highly productive crop, providing 
significantly higher yields at a lower production cost compared to other vegetable oils [7]. Also, limited-scale 
implementation of mixed cropping involving oil palm alongside other crops or livestock has been observed. 
Experiments have suggested that incorporating multi-purpose tree species (MPTS) for biodiversity enrichment 
in oil palm plantations could enhance the ecological and social functions of the landscapes [8]. 

However, according to a comprehensive consumer poll conducted in the UK, palm oil is the least 
environmentally friendly type of vegetable oil, where 41% of respondents deemed palm oil as “environmentally 
unfriendly” [9]. Thus, our study focused on public opinion toward oil palm plantation. 

This study can be vital to the oil palm sustainability and the successfulness of oil palm-based entomotourism 
by determining the diversity of insect species in Carey Island Sime Darby EcoGarden, which will allow us to 
develop new entomotourism product there. The study also investigated public perception on the development of 
oil palm-based entomotourism to understand how individuals perceive the integration of oil palm plantations 
and entomotourism initiatives.  

The study site was Sime Darby Plantation EcoGardens, an eco-friendly retreat based at Sime Darby 
Plantation Academy in Carey Island, Selangor. This place was created as a haven from the busy city life as well as 
to share Sime Darby Plantation’s sustainability efforts and the benefits of the oil palm industry. Sime Darby 
Plantation EcoGardens Sdn Bhd was incorporated on 23 November 1974, and it is fully operational on 1 January 
2020 [10]. 

2. Materials and method 

2.1 Study site 

This research was carried out at Sime Darby EcoGardens in Carey Island Selangor, Malaysia. (2.983°, 101.373°). 
Study areas were within the whole area of Sime Darby EcoGardens. Insects were sampled at three different 
areas: the mangrove area (2.9113°, 101.356°), the Biodiversity Centre (2.888°, 101.364°), and outdoor camp 
(2.912°, 101.350°).  
 

 

Fig. 1 Map of Sime Darby EcoGardens 
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(a)                                                    (b)                                                                (c) 

Fig. 2 (a) Mangrove area, (b) Biodiversity Centre, (c) outdoor camp 

2.2 Insect Sampling 

An opportunistic sampling design was used in this research. This method is used in field studies where specimen 
availability is uncertain and researchers will take advantage of opportunities to collect data whenever they 
arose [11]. Samples were collected in 3 days where sampling for Day 1 was at the mangrove area, for Day 2 was 
at the Biodiversity Centre, and for Day 3 was at the outdoor camp. The insects were captured using an aerial net 
and euthanized by gently pinching the thorax part using thumb and forefinger. The specimens were temporarily 
kept in envelopes. Important notes such as date, location, and collector’s name were written down for 
subsequent identification and labeling [12]. Fig. 3 summarizes the steps in insects sampling. 

   (a)                     (b) 

 

   (d)                          (c) 

Fig. 3 Steps in insect sampling: (a) collect samples manually, (b) pinch the thorax gently, (c) store specimen 
temporarily in envelope, and (d) write important information on the envelope 

2.3 Insect Curation and Identification 

The specimens were brought to the Centre of Research for Sustainable Uses of Natural Resources (COR-SUNR) 
laboratory in Universiti Tun Hussein Onn Malaysia for further curation and identification. The specimens were 
kept in a freezer to avoid them from drying out. The specimens were then curated using pins on a mounting 
board. Insects with wings were spread to make sure the details of their features can be seen properly for 
taxonomic identification [13].  
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Fig. 4 Example of insect curation 

The specimens were labelled with the following information: locality (location, date of capture, and 
collector’s name), taxonomic information (order, family, genus, species), collection technique, and habitat data 
were [14]. The specimens were identified using keys and illustrations following Corbet and Pendlebury [15], Hill 
and Fatimah [16], Orr [17], and Choong, Arifin, and Hijas [18].  

2.4 Data Analysis 

Insect diversity was calculated using the Shannon diversity index and Simpson diversity index using 
Paleontological Statistics software (PAST) [19]. A questionnaire survey will be given out to the public or 
potential visitors of Sime Darby EcoGardens. Data of the questionnaire survey to know the potential taxa of the 
entomotourism were analyzed using Microsoft Excel 2019. 

2.4.1 Simpson Diversity Index (Dʹ) and Shannon Diversity Index (Hʹ) 

Simpson diversity index (Dʹ) was calculated to measure the diversity at the sampling area. Simpson diversity 
index is a dominance index because it gives more weight to common or dominant species. The value ranges from 
0 to 1, with 1 indicating infinite diversity [20]. 
The formula is as follows in (1). 
 

D = Σni(ni−1) / N(N−1)                             (1) 
 
where 
ni: the number of organisms that belong to species i 
N: the total number of organisms 
 

Meanwhile, Shannon diversity index (Hʹ) was calculated to determine insect diversity at the three different 
sampling sites. Shannon diversity index is computed by considering the count of each species, determining its 
proportion relative to the total number of individuals, and summing the product of this proportion and the 
natural logarithm of the proportion for each species. As this yields a negative value, the sum is negated to obtain 
a positive result. A higher index value indicates greater species diversity. Ideally, comparisons should be made 
between populations of equal size in terms of individual numbers [21]. 
The formula is as in (2). 
 

H = Σ[(pi)×ln(pi)]                             (2) 
 

where 
pi: the proportion of the entire community made up of species i 

2.4.2 Questionnaire Survey and Analysis 

A questionnaire survey was given out to potential tourists of the entomotourism in Sime Darby EcoGardens, 
Carey Island. The survey aimed to find out the most preferred taxa to be developed into an entomotourism 
product. The most preferred taxa will be chosen as the main taxa for our entomotourism products or packages. 
The questionnaire was developed based on the eight criteria of good nature tourism product [22]. Shapiro–Wilk 
test was used to first determine whether the data is normally distributed. On a normally distributed data, t test 
is employed to test for its significance. A t test is a statistical method employed to compare the means of two 
groups, and it is one of the most commonly utilized hypothesis tests in statistical studies. [23]. A result is 
considered statistically significant if the p value from a t test is less than 0.05. The result is not significant if the p 
value is higher than 0.05 [24]. 
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The t test formula is as follows: 
 

                        (3) 
where 
m: mean 
µ: theoretical value 
s: standard deviation 
n: variable set size 
 

If the data is not normally distributed, the Kruskal–Wallis test would be conducted [25]. The Kruskal–Wallis 
test is a technique used to compare the medians of more than two groups to determine whether the samples 
share a common origin. [26]. The null hypothesis that no difference exists is rejected if the adjusted p value in a 
pairwise comparison is less than the significance level, which is typically 0.05. The two groups are therefore 
thought to differ if the adjusted p value is less than 0.05 [27]. 

                         (4) 
where 
k: the number of comparison groups 
N: the total sample size 
Nj: the sample size in the jth group 
Rj: the sum of the ranks in the jth group 

2.5 New Entomotourism Products 

Based on the questionnaire results, a new entomotourism package was developed. This package was developed 
following the eight criteria of a good nature tourism product and tailored for Sime Darby EcoGardens [22]. 
Entomotourism-based souvenirs were also designed based on the need of potential tourists from the 
questionnaire.  

3. Results and Discussions 

3.1 Insect Diversity 

A total of 37 individuals from 17 species and 4 orders of insects were collected. The highest insect diversity was 
found in the mangrove area with a total of 14 individuals from 11 species, while the outdoor camp had the 
highest number of individuals at 17 consisting of only 7 species. The Biodiversity Centre had the lowest diversity 
with only 4 individuals from 3 species. In terms of insect order, Odonata (dragonflies and damselflies) recorded 
the highest number of species and individuals sampled followed by Lepidoptera (butterflies and moth), 
Orthoptera (grasshoppers and crickets), and Diptera (flies and mosquitos). 

Table 1 Number of insects sampled in Sime Darby EcoGardens according to species and order 

Order Species Mangrove 
Area 

Biodiversity 
Centre 

Outdoor 
Camp 

Odonata 

Neurothemis 
fluctuans/terminata 

1 2 2 

Pachydiplax 

longipennis 

0 1 1 

Rhyothemis phyllis 2 0 7 

Acisoma panorpoides 1 0 0 

Tholymis tillarga 1 0 0 

Orthetrum sabina 0 1 0 
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Neurothemis ramburii 2 0 2 

Lepidoptera 

Appias olferna 0 0 3 

Appias sp. 1 0 0 

Appias libythea 1 0 0 

Potanthus omaha 1 0 0 

Orthoptera 

Arcyptera fusca 0 0 1 

Atractomorpha lata 1 0 0 

Acrida cinerea 2 0 0 

Diptera 
Asilidae (robber flies) 1 0 0 

Hermetia illucens 0 0 1 

 

Fig. 5 Simpson diversity index (Dʹ) in three different areas: mangrove area, Biodiversity Centre, and outdoor camp 

 
Fig. 6 Shannon diversity index (Hʹ) in three different areas: mangrove area, Biodiversity Centre, and outdoor camp 

The Simpson diversity index (Dʹ) for the mangrove area was 0.9067, for the Biodiversity Centre was 0.72, 
and for the outdoor camp was 0.7612 (Fig. 4). A value closer to 1 indicates higher diversity. Among the three 
sites, the mangrove area has the highest diversity with a Dʹ value of 0.9067. Meanwhile, the Shannon diversity 
index (Hʹ) for the mangrove area was 2.431, for the Biodiversity Centre was 1.332, and for the outdoor camp 
was 1.675 (Fig. 5). A higher Hʹ value indicates higher diversity. Therefore, it can be concluded that the mangrove 
area has the highest diversity.  

In most environments, plant diversity may be used to predict insect diversity. However, mangrove areas are 
an exception to this rule, as they host an exceptionally rich population of predators, the larvae of which feed on 
the prolific mudflats, making up for the relatively low number of phytophagous and frugivorous insect species 
found there [28]. In the future, these insect varieties may be used as bio-indicators for assessing the state of a 
mangrove ecosystem. Insect diversity offers a distinct response to the extent of environmental harm, making it a 
potential indicator species capable of detecting changes and gauging environmental health [29]. Mangrove 
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ecosystems are often characterized by nutrient-rich soils. The decomposition of organic matter, including fallen 
leaves and detritus, creates a fertile environment that supports microorganism growth. These microorganisms, 
in turn, serve as a food source for many insects [30]. 

The outdoor camp has the second highest diversity according to both Simpson and Shannon diversity 
indices. This may be due to the high volume of human activity in the area, since it is a camp site. This results in a 
lower number of insects found. Habitat changes and disturbance due to human activities affect not only insect 
diversity but also the structure of the insect communities [31]. Illegal logging, land clearing, and changes in land 
use result in a fall in sizes from 10% to 20% and in species numbers from 20% to 50%. It has also been 
established that human activity has a considerable effect on insect diversity [31]. 

The Biodiversity Centre recorded the lowest diversity among the three places. This may be attributed to 
undersampling since access to this area was limited by the authority of Sime Darby EcoGardens. The smaller 
area sampled may have led to the lower number of insects sampled there. Small sampling area reduces the 
calculated species diversity and raises the disparities in composition within limited areas [32]. 

3.2 Questionnaire Survey 

A total 205 respondents answered the questionnaire survey. In terms of demographics, more female 
respondents answered the questionnaire than male respondents. The age group of 20–30 years old had the 
highest number of respondents, and the respondents’ highest educational level was bachelor’s degree.  

Fig. 6 and Table 3 summarize the respondent’s feedback on insect tourism knowledge and experience in 
Sime Darby EcoGardens Carey Island, Selangor.  

Table 2 Questions on insect tourism knowledge and experience in Sime Darby EcoGardens 

No Questions Percentage of 
respondents’ 

agreement with 
the questions 

(%) 
1. Insects are suitable to be used as a tourism product. 

 

75.1 

2. I know about insect tourism or also known as 
entomotourism 

64.9 

3. I have been to an observation area for insects or insect 
park (e.g. Butterfly Park, Entopia). 

70.7 

4. I have been involved in insect-based tourism activities 
before (e.g. Catch and Release, Firefly Watching). 

63.0 

5. I know how to observe as well as identify the type of 
insects. 

52.2 

 
A total of 75.1% of respondents agreed that insects are suitable to be used as a tourism product, indicating 

their interest in entomotourism. Beautiful insects will attract people’s attention, leading tourists toward insect 
watching activities [33]. However, less than 52.2% of the respondents did not know how to observe as well as 
identify insect types. This is not a surprise since identifying the insects may require proper knowledge and 
guidance [34]. 

 
          (a)                                (b) 

Fig. 6 Graph of the number of respodents who are interested in insect tourism being carried out in Sime Darby 
EcoGardens; (a) English version and (b) Malay version 
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Sime Darby EcoGardens attracted most respondents where 94.1% of them showed interest in insect tourism 
at that location due to the activities and facilities provided there. EcoGardens provides many comfortable 
accommodations for the visitors and also enhances tourist experience with its Plantation Museum, Golf Course 
and Club, and the Wildlife Sanctuary. These activities were meant as a respite for tourists from their busy lives 
and for them to enjoy their stay in sustainable oil palm plantation area [10].  

For the section on the order Odonata, 79.5% respondents agreed with the statement that dragonflies have 
an attractive shape and color. Indeed, dragonflies are known for their bright and vibrant color that can attract 
people to them [35]. Also, 34.2% of the respondents did not know that adult dragonflies contribute to the 
natural control of mosquito populations. The lack of knowledge about the biology and behavior of dragonflies 
could lead to skepticism or disagreement. Table 4 shows a summary of the respondent’s perception and 
knowledge of the order Odonata. 

Table 3 Questions on respondents’ perception and knowledge of the order Odonata 

No Questions Percentage of 
respondents’ 

agreement with 
the questions 

(%) 
1. From the picture shown, the color and shape of this 

insect are attractive. 
79.5 

2. Dragonflies are harmless to humans and do not pose 
any safety risks. 

75.1 

3. In their natural surroundings, dragonflies are easy to 
notice. 

72.7 

4. Some dragonflies are rare and can be hard to find in 
other regions. 

71.2 

5. Dragonflies have interesting mating rituals. 66.8 

6. Dragonflies are often associated with bodies of water, as 
their nymphs live in aquatic environments. In cultures 
where water is sacred or holds spiritual significance, 
dragonflies may be regarded as symbols of purity and 
renewal. 

67.8 

7. Adult dragonflies contribute to the natural control of 
mosquito populations. 

65.8 

 
On the section on Lepidoptera, 81.5% respondents agreed with the statement that butterflies have an 

attractive shape and color. As with dragonflies, butterflies are also known for their bright and vibrant wing 
colors. Also, 40.5% of the respondents did not know that male butterflies often engage in puddling behavior, in 
which they gather on damp soil or sand to extract essential minerals. This is because not all species of butterflies 
exhibit this behavior, making it quite unknown to people [36]. Table 5 shows a summary of the respondent’s 
perception and knowledge of the order Lepidoptera.  

Table 4 Questions on respondents’ perception and knowledge of the order Lepidoptera 

No Questions Percentage of 
respondents’ 

agreement with 
the questions 

(%) 
1. From the picture shown, the color and shape of this insect 

are attractive. 
81.5 

2. Butterflies are harmless to humans and do not pose any 
safety risks. 

77.6 

3. In their natural surroundings, butterflies are easy to notice. 79.0 
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4. Some butterflies are rare and can be hard to find in other 
regions. 

70.2 

5. Male butterflies often engage in puddling behavior, 
gathering on damp soil or sand to extract essential minerals. 

59.5 

6. Butterflies symbolize transformation and rebirth in certain 
cultures. 

61.5 

7. Butterflies play a crucial role in pollination. 71.2 

An entomotourism package was developed based on the respondents’ answers from the last section of the 
questionnaire. A total of 75.6% of respondents preferred two-day package instead of a single day. A starting 
price of RM35 was calculated for the entomotourism package. 

The result of the normality test is considered normal if the value is greater than 0.05. From our result, the 
values are not normal because they are smaller than 0.05. So, a Kruskal–Wallis test was done to determine if 
there is any significant difference between the two taxa. Our statistical test revealed no significant difference 
between the Lepidoptera and Odonata taxa (p < 0.05). However, the order Lepidoptera was chosen as a tourism 
product since more than 81.5% of the respondents think that butterflies are attractive compared to the 
dragonflies.  

3.3 New Entomotourism Product 

A new entomotourism product was developed following the eight characteristics of quality tourism product 
[20]. This development utilized the data obtained from the biodiversity study results and questionnaire 
answers. The resulting entomotourism package is tailored for Sime Darby EcoGardens. 

A tour package is a tour that includes goods and services like lodging, food, entertainment, and 
transportation for one price [37]. A tourism destination's ability to grow and survive is typically influenced by 
the five A’s of tourism: accessibility, accommodation, amenities, attractions, and activities [37]. The brochure for 
the entomotourism package in Sime Darby EcoGardens. Two packages are introduced: Escape 1 and Escape 2. 
The package starts with tourist arrival at Sime Darby EcoGardens. Then, a guided insect tour starts in the 
morning where tourists can discover diverse species, learn about their behaviors, and observe the beauty of 
butterflies in their natural habitat. Then the package continues with a hands-on insect activity where the tourists 
are able to catch and release butterflies found in the area. Proper catch-and-release techniques would be used to 
lower damage, death, and sublethal changes in butterfly physiology and behavior [38]. After lunch, the tour 
continues with oil palm insight tour. Here, tourists can gain insights into the agricultural processes, 
environmental considerations, and importance of responsible plantation.  

After that, the package continues with butterfly conservation programs where the tourists will support or 
engage in butterfly conservation programs that aim to protect butterfly habitats, address environmental threats, 
and promote sustainable practices. Moths and butterflies are signs of healthy habitat and surroundings. They 
show that there are many kinds of invertebrates, which make up more than two-thirds of all species. Other 
invertebrates are abundant in areas with a high butterfly and moth population. When taken as a whole, these 
offer numerous environmental advantages, such as pollination and organic pest management [39]. For Escape 1, 
the package ends in the afternoon but for Escape 2, the package will continue with dinner and a night walk. The 
tourists will embark on a guided night insect safari, exploring the fascinating world of nocturnal insects. The 
package continues on Day 2 for insect photography, where the tourists can capture the intricate details of 
butterflies and other insects in their natural environment. The Day 2 of Escape 2 package ends at noon. Every 
purchase of the package includes a souvenir, which is a butterfly keychain made from resin.  

4. Conclusion 

In conclusion, the public are perceptive to the potential of entomotourism in Sime Darby EcoGardens. From this 
study, the mangrove area has the highest insect diversity. From the questionnaire, most respondents chose 
Lepidoptera as the main taxa for the entomotourism package. Although there was no significant difference 
between the two taxa, Lepidoptera was chosen because the percentage of respondents choosing Lepidoptera 
was higher. A complete entomotourism brochure was also designed, which is filled with fun activities related to 
Lepidoptera. The mangrove area is recommended as the main focus of this entomotourism package, and the oil 
palm plantation can be focused on as one of the sampling sites to accurately evaluate insect diversity for this oil 
palm-based entomotourism. Hopefully this study will help to improve public perception toward oil palm and its 
sustainability. 
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