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Abstrak: Bakau menyokong himpunan kepelbagaian “epibiont” macroalgal atas akar dan batang terapung pokok bakau. Makroalga membekalkan nutrien kepada pengguna utama dalam rantaian makanan akuatik dan telah dilaporkan menjadi penyumbang besar kepada ekosistem marin. Kepelbagaian spesies, biomass, dan ciri-ciri habitat makroalga bakau telah dikaji di tiga stesen bakau di muara Sibuti, Sarawak, Malaysia, dari bulan November 2012 hingga Oktober 2013. Tiga kumpulan makroalga direkodkan dan telah didapati tumbuh pada akar terapung pokok bakau, iaitu Rhodophyta (Caloglossa ogasawaraensis, Caloglossa adhaerens, Caloglossa stipitata, Bostrychia anomala, dan Hypnea sp.), Chlorophyta (Chaetomorpha minima dan Chaetomorpha sp.), dan Phaeophyta (Dictyota sp.). Biomass makroalga tidak dipengaruhi (p>0.05) mengikut musim di habitat hutan bakau. Spesies makroalga iaitu Hypnea sp. menyumbang biomass yang paling tinggi di kedua-dua Stesen 1 (210.56 mg/cm2) dan Stesen 2 (141.72 mg/cm2), manakala biomass tertinggi disumbangkan oleh B. anomala (185.89 mg/cm2) di Stesen 3. Kajian ini menunjukkan bahawa taburan dan himpunan spesies daripada makroalga bakau dipengaruhi oleh parameter alam sekitar seperti nutrien dari air, pepejal terlarut, dan kemasinan di habitat muara bakau Sibuti, Sarawak.

Kata kunci: Makroalga, Bostrychia anomala, Biomass, Bakau, Sarawak

Abstract: Mangroves support diverse macroalgal assemblages as epibionts on their roots and tree trunks. These algae provide nutrients to the primary consumers in the aquatic food web and have been reported to be substantial contributors to marine ecosystems. The species diversity, biomass, and habitat characteristics of mangrove macroalgae were investigated at three stations in the Sibuti mangrove estuary, Sarawak, Malaysia, from November 2012 to October 2013. Three groups of macroalgae were recorded and were found to be growing on mangrove prop roots, namely Rhodophyta (Caloglossa ogasawaraensis, Caloglossa adhaerens, Caloglossa stipitata, Bostrychia anomala, and Hypnea sp.), Chlorophyta (Chaetomorpha minima and Chaetomorpha sp.), and Phaeophyta (Dictyota sp.). The biomass of macroalgae was not influenced (p>0.05) by the season in this mangrove forest habitat. The macroalgal species Hypnea sp. contributed the highest biomass at both Station 1 (210.56 mg/cm2) and Station 2 (141.72 mg/cm2), while the highest biomass was contributed by B. anomala (185.89 mg/cm2) at Station 3. This study shows that the species distribution and assemblages of mangrove macroalgae were influenced by environmental parameters such as water nutrients, dissolved solids, and salinity in the estuarine mangrove habitats of Sibuti, Sarawak.
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INTRODUCTION

Mangrove forests are considered to be one of the most productive coastal intertidal ecosystems in the world (Hoque et al. 2015a). In mangrove habitats, litter production is usually the main source of energy and is the indicator of primary productivity, which subsequently contributes to adjacent estuarine ecosystems. Macroalgae associated with mangroves can also contribute similarly to the annual litter production of coastal forests (Rodriguez & Stoner 1990). Mangrove macroalgae is unique and can only be found growing epiphytically on pneumatophores, prop roots, stems, sediment, and other substrates (Zuccarello et al. 2001). Generally, this substrate is very important for mangrove macroalgae attachment, and these algae grow differently in different substrates (Aikanathan & Sasekumar 1994).

In coastal mangrove habitats, grazing small marine and estuarine invertebrates are dependent on macroalgae as a food source and for shelter (Aikanathan & Sasekumar 1994; Melville et al. 2005). The macroalgae growing within mangroves are important in estuarine ecosystems and supply an additional source of energy for nutrient cycling (Davey & Woelkerling 1985; McCluskey & Elliot 2004) and are an important source of carbon (Rodriquez & Stoner 1990). Studies have found that the distribution, tolerance, and adaptation of mangrove macroalgae are influenced by abiotic and biotic parameters (Oliveira 1984). Environmental parameters such as transparency, salinity, dissolved oxygen, and pH have been considered to be contributing factors that influence the presence or absence of macroalgae in mangrove ecosystems (Fernandes & Alves 2011).

Studies on the biomass and habitat characteristics of mangrove macroalgae are inadequate in Malaysia (Laursen & King 2000; Saifullah & Ahmed 2007). The taxonomy and morphology of mangrove algae have been previously described in Pakistan (Tanaka & Shameel 1992; Saifullah & Taj 1995). Aikanathan and Sasekumar (1994) reported 10 mangrove macroalgae in Malaysian marine waters. It is assumed that in Sarawak, Malaysia, there could be a wide variety of benthic epiphytic macroalgae in the mangrove habitats with ecological potential. Therefore, this study was carried out to assess the macroalgal community structure and habitat characteristics in the Sibuti mangrove forest, Sarawak, Malaysia.


MATERIALS AND METHODS

Study Area

This study was carried out in the Sibuti mangrove estuary, Sarawak, Malaysia (Fig. 1). Three stations were established, i.e., Station 1 (03° 25′ 00.5″ N & 113° 23′ 13.5″ E), Station 2 (03° 58′ 55.4″ N & 113° 44′ 18.8″ E), and Station 3 (03° 59′ 28.7″ N & 113° 44′ 35.3″ E). The distance between the stations was approximately 1 km. This site is considered to be an undisturbed mangrove forest dominated by Rhizophora apiculata, followed by Xylocarpus granatum and Nypa fruticans. The forest is regularly inundated by a normal high tide, and inundation occurs up to 34 times per month on average (Saifullah et al. 2014). Hence, the forest can be classified under class 3 according to Watson (1928). The estuary is semi-diurnal, and the tidal range varies between 0.2 to 2.0 m during neap and spring tide, respectively (Hoque et al. 2015b; Kaleem et al. 2015).


[image: art]

Figure 1: Map of the study area showing the locations of stations in the Sibuti estuary, Sarawak, Malaysia.



Collection of Macroalgae

Macroalgae were collected randomly from the three stations on a monthly basis for one year from November 2012 to October 2013. The prop roots of R. apiculata were selected for collecting macroalgae, as this was the most common and dominant species in this estuary. Prop roots (20 cm long) covered with macroalgae were randomly cut from the 3 stations. The samples were placed into Ziploc polyethylene bags, which were labelled and transported back to the Ecology and Biology Laboratory (Department of Animal Science and Fisheries, Faculty of Agriculture and Food Sciences, Universiti Putra Malaysia Bintulu Sarawak Campus) for further processing (Melville & Pulkownik 2007). All macroalgae from the pneumatophores were sorted and cleaned and then placed into a drying oven pre-set to 80°C to obtain a constant weight for the measurement of biomass. The biomass was expressed as the algal weight per unit area (mg/cm2) following the procedure described by Saifullah and Ahmed (2007). For identification, the macroalgae were preserved in a 4% formalin solution (Bouzon & Ouriques 1999). Identification was conducted based on the works of Zeng (1983), King and Puttock (1994), Qian et al. (2005), and Zhao (2012), and some of the samples were sent to School of Biology Science, Victoria University, New Zealand, to confirm the identifications.

Observation of Ecological Parameters

The ecological parameters of the Sibuti mangrove estuary were recorded monthly at the three stations. The physico-chemical parameters of the estuarine water, i.e., the pH, temperature, salinity, turbidity, and dissolved oxygen were detected in situ using a multi-parameter probe (model WQC-24, Jaya Chemical Supplier, Bintulu, Sarawak). The total rainfall and air temperature at the Sibuti estuary were obtained from the Meteorological Department of Sarawak. To determine the estuarine water nutrient content, water samples (three replicates from each station) were collected from the three stations with pre-cleaned plastic bottles, which were brought back to the laboratory using ice boxes. Pore water was collected from the forest floor by digging in the soil to create small holes and waiting for the water to fill the holes. Pore water can also be observed at the bottom of ditches. Once the holes had filled with water, three replicates of pore water were collected from each station in pre-washed bottles and were brought back to the laboratory within ice boxes. The ammonium, nitrate, and phosphate in the water were detected using the methods of Weatherburn (1967), Kitamura et al. (1982), and Parsons et al. (1984), respectively. Three replicate mangrove soil samples were collected from each station and brought back to the laboratory for analysis using ice boxes. In the laboratory, the soil samples were placed in an oven at 70°C until dry and were passed through a 250 µm sieve to detect the total phosphorous, nitrogen, sulphur, and carbon following Kim (2003) and Bray and Kurtz (1945) using a carbon, nitrogen, sulphur (CNS) analyser (LECO Truspec Micro CHNS elemental analyser, New York).

Statistical Analysis

Factorial analysis and one-way ANOVA were used to determine if there were any significant differences among the nutrients with respect to the sampling locations. The statistical significance was set at p<0.05, and the stability of the estimate was reflected by 95% confidence intervals. All tests and analyses were performed with SAS 9.2 for Windows by the SAS Institute Inc., Cary, NC, USA (2002–2008). The correlations among species diversity and the physico-chemical parameters were tested using multivariate analysis of ecological data (CANOCO for Windows 4.5) for redundancy analysis (RDA) following Jongman et al. (2003).


RESULTS

Macroalgal Species Composition and Biomass

The macroalgae in the Sibuti mangrove estuary included members of three groups, Rhodophyta, Chlorophyta, and Phaeophyta. Eight species of macroalgae from the three divisions of Rhodophyta (Caloglossa ogasawaraensis, Caloglossa adhaerens, Caloglossa stipitata, Bostrychia anomala, and Hypnea sp.), Chlorophyta (Chaetomorpha minima and Chaetomorpha sp.), and Phaeophyta (Dictyota sp.) were recorded growing on prop roots at Station 1. Rhodophyta (Hypnea sp.) and Chlorophyta (C. minima) were the most common at Station 2, while Rhodophyta (B. anomala and Hypnea sp.) was common at Station 3 in this estuarine mangrove habitat.

Hypnea sp. was found year-round at all studied stations (Table 1). However, the distributions and presence of Caloglossa spp., Bostrychia spp. and other macroalgae formed an irregular pattern in this study area. The biomass of Hypnea sp. was found to be higher at both Station 1 (210.56 mg/cm²) and Station 2 (141.72 mg/cm²). At Station 3, the highest biomass (185.89 mg/cm²) was derived from B. anomala (Table 2). The macroalgal biomass did not significantly differ (p>0.05) during the study period (Fig. 2).

Ecological Parameters

The physico-chemical parameters of soil and water showed significant differences (p<0.05) among the months and stations during the study period (Figs. 3 and 4). The range of the total soil carbon concentrations was found to be 0.45%–18.89% in this mangrove ecosystem, and the highest value was recorded at Station 3 and the lowest at Station 1. The total carbon content in the soil did not vary during the sampling period and was related to the total nitrogen in the soil.

The pore water had higher concentrations of ammonium, nitrate, and phosphate than the river water (Table 3). The monthly ammonium and nitrate concentrations were slightly higher at Station 1 than at Stations 2 and 3, while the phosphate concentration was marginally higher at Station 3 (Fig. 4). The water pH, total dissolved solids (TDS), and salinity were found to be higher at Station 1 and lower at Station 3 (Fig. 5). The rainfall was recorded as higher in December, February–May and September, with a mean value of 10.90–15.50 mm.


Table 1: Mangrove macroalgae composition on the prop roots at three difference stations during the study period (November 2012–October 2013) at Sibuti estuary, Malaysia. (√ = present); (− = absence); NO = November; DE = December; JA = January; FE = February; MR = March; AP = April; MA = May; JN = June; JU = July; AU = August; SE = September; OC = October.
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Table 2: Yearly means biomass (mg/cm2 ± SD) of mangrove macroalgae on the prop roots of three stations in Sibuti estuary Sarawak, Malaysia.



	Species
	Means biomass (mg/cm2)




	
Station 1


	
Station 2


	
Station 3





	C. ogasawaraensis
	
4.97±5.74


	
0.00±0.00


	
0.00±0.00





	C. adhaerens
	
2.52±4.19


	
0.00±0.00


	
0.00±0.00





	C. stipitata
	
12.14±17.89


	
0.00±0.00


	
0.00±0.00





	B. anomala
	
1.03±2.86


	
0.00±0.00


	
185.89±248.29





	C. minima
	
4.11±7.78


	
2.57±8.89


	
0.00±0.00





	Chaetomorpha sp.
	
5.09±12.14


	
0.00±0.00


	
0.00±0.00





	Hypnea sp.
	
210.56±114.11


	
141.72±92.57


	
54.29±87.18





	Dictyota sp.
	
6.18±21.39


	
0.00±0.00


	
0.00±0.00





	Total
	
246.63


	
144.29


	
240.18
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Figure 2: Monthly variation in total biomass (mg/cm2) of mangrove macroalgae at three different stations.



Macroalgal Biomass and Habitat Characteristics

The RDA for biomass and the environmental parameters showed that all canonical axes were significantly correlated (p<0.05; Monte Carlo simulations at 499 permutations) for the three stations in the Sibuti mangrove estuary.

The ordination diagram of the RDA showed strong correlations among the species (dependent variables) and the environmental parameters (independent variables) for all stations (Tables 4–6 and Figs. 6–8) of the study area.
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Figure  3: Monthly variation in physico-chemical parameters of the soil at different stations in Sibuti estuary: (a) total phosphorus; (b) carbon; (c) sulphur; (d) nitrogen.
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Figure  4: Monthly variation in physico-chemical parameters of river and pore water at different stations in Sibuti estuary: (a) ammonia in river water; (b) ammonia in pore water; (c) nitrate in river water; (d) nitrate in pore water; (e) phosphate in river water; (f) phosphate in pore water.
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Figure 5: Monthly variation in physico-chemical parameters of river water at different stations in Sibuti estuary: (a) pH; (b) TDS; (c) salinity; (d) water temperature; (e) turbidity; (f) conductivity; (g) dissolved oxygen.




Table 3: Yearly mean value of ammonium, nitrate, and phosphate contents (mg/L ± SD) in the pore water and river water at three stations in Sibuti estuary, Sarawak Malaysia.
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Table 4: Results of RDA for Station 1. Eigen values, species-environment correlation, and percentage variance of species data and species-environment relation at Station 1 in Sibuti estuary.



	Axes
	1

	2

	3

	4

	Total




	Eigenvalues
	0.930

	0.036

	0.022

	0.008

	1.000




	Species-environment correlations
	1.000

	1.000

	1.000

	1.000

	



	Cumulative percentage variance
	
	
	
	
	



	of species data


	93.000

	96.700

	98.800

	99.600

	



	
of species-environment relation


	93.000

	96.700

	98.800

	99.600

	



	Sum of all canonical eigenvalues
	
	
	
	
	1.000






Table 5: Results of RDA for Station 2. Eigen values, species-environment correlation, and percentage variance of species data and species-environment relation at Station 2 in Sibuti estuary.



	Axes
	1

	2

	3

	4

	Total




	Eigenvalues
	0.994

	0.006

	0.000

	0.000

	1.000




	Species-environment correlations
	1.000

	1.000

	0.000

	0.000

	



	Cumulative percentage variance
	
	
	
	
	



	
of species data


	99.400

	100

	0.000

	0.000

	



	
of species-environment relation


	99.400

	100

	0.000

	0.000

	



	Sum of all canonical eigenvalues
	
	
	
	
	1.000






Table 6: Results of RDA for Station 3. Eigen values, species-environment correlation, and percentage variance of species data and species-environment relation at Station 3 in Sibuti estuary.



	Axes
	1

	2

	3

	4

	Total




	Eigenvalues
	0.910

	0.090

	0.000

	0.000

	1.000




	Species-environment correlations
	1.000

	1.000

	0.000

	0.000

	



	Cumulative percentage variance
	
	
	
	
	



	
of species data


	91.000

	100.00

	0.000

	0.000

	



	
of species-environment relation


	91.000

	100.00

	0.000

	0.000

	



	Sum of all canonical eigenvalues
	
	
	
	
	1.000





 

For Station 1, the first axis showed that Hypnea sp. was correlated with the total phosphorous, nitrogen, and carbon content in the soil, while the second axis showed that Dictyota sp., B. anomala, C. stipitata, and C. minima were correlated with soil sulphur, the pore water phosphate, and nitrate (river and pore water). The biomass of C. ogasawaraensis was correlated with the water temperature, air temperature, rainfall, and river phosphate and was heavily affected by the pH, TDS, and salinity. Chaetomorpha sp. and C. adhaerens were correlated with the turbidity and dissolved oxygen and were heavily affected by the ammonium from the pore and river water.

For Station 2, the first axis showed that no macroalgal species was correlated with the environmental parameters, while the second axis showed that C. minima and Hypnea sp. were surprisingly affected by the soil sulphur.

For Station 3, the first axis showed that Hypnea sp. was correlated with sulphur, the phosphate from river water, soil carbon, soil nitrogen, pH, the total soil phosphorous, and the nitrate from the river and pore water. The concentrations of sulphur govern the existence of Hypnea sp., while the second axis showed that the presence of B. anomala was influenced by the ammonium in the river water.

DISCUSSION

The species of macroalgae recorded in this study are normally abundant in mangrove habitats and are rarely found in other habitats (Melville et al. 2005). Generally, Bostrychia and Caloglossa include common species that are found in mangrove ecosystems, which has been reported in Australian (Davey & Woelkerling 1985; King 1995; Melville & Pulkownik 2007), Asian (Aikanathan & Sasekumar 1994; Lin et al. 1997), and African mangrove habitats (Coppejans & Gallin 1989; King 1990; Phillips et al. 1994). The Bostrychia–Caloglossa association has been globally considered to be representative of the macroalgal assemblage composition of mangrove ecosystems on tropical coasts (Tanaka & Chihara 1987). B. anomala was the first reported species of mangrove macroalgae in Malaysian waters (John et al. 2013).

The presence and absence of macroalgae showed non-significant (p>0.05) monthly fluctuations during the one-year study period. This has also been observed in other marine and coastal habitats worldwide (Laursen & King 2000; Melville et al. 2005; Melville & Pulkownik 2007). In Brazil, the majority of epiphytic algae experience their maximum growth during the spring and autumn (Bouzon & Ouriques 1999) as well as during the dry season (Fernandes & Alves 2011). Researchers have also found higher amounts of mangrove macroalgae during the summer season (Steinke & Naidoo 1990), which was found to be influenced by nutrient availability, temperature, and light intensity. In contrast, studies by Perez-Estrada et al. (2012), Nedumaran and Perumal (2009), Liu et al. (2001), El-Sharouny et al. (2001), and Lin et al. (1997) found that mangrove macroalgae grow throughout the year, and seasonal influences on their growth were not noticed. It has been observed that the three stations in the Sibuti mangroves have their own biotic and abiotic factors that influence the species abundance of macroalgae (Broderick & Dawes 1998). In addition, the positions of mangrove trees and canopy gaps as well as light penetration are also likely related to the abundance and distribution of the macroalgal assemblage.
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Figure 6: RDA showing tri-plots for macroalgae species vs. environmental variables at Station 1 in Sibuti estuary.
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Figure 7: RDA showing tri-plots for macroalgae species vs. environmental variables at Station 2 in Sibuti estuary.
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Figure 8: RDA showing tri-plots for macroalgae species vs. environmental variables at Station 3 in Sibuti estuary.



The mangrove trees were sparse at Station 1 but were dense at Stations 2 and 3 (Kaleem et al. 2015). This pattern could be of paramount importance by affecting the shading of the forest floor by preventing light penetration and eventually promoting the homogenous distributions of red algae (Karsten et al. 1994). Studies by Yubin et al. (2014) revealed that macroalgal biomass and species diversity are higher under high-density canopy than low-density forest canopy. The air and water temperature were significantly different among the months and stations. Water temperature, especially at the surface of a water body, is the physical factor influencing macroalgal growth, abundance, and geographical distribution in different regions (Nedumaran & Perumal 2009). According to Karsten et al. (1994), warmer air and water temperatures and suitable light intensity support macroalgal growth and result in higher species diversity and biomass.

The macroalgal frequency and biomass varied among the study stations in the Sibuti mangrove estuary. The biomass and number of macroalgae at Station 1 was found to be higher, most likely due to the suitable salinity range (~11.52 psu). Furthermore, this station is situated at the river mouth and has a direct connection with incoming seawater through the tides. This is in agreement with some other published reports worldwide (Oliveira 1984; Bouzon & Ouriques 1999; Nedumaran & Perumal 2009). The species Bostrychia sp. and Caloglossa sp. were not detected at Stations 1 and 2 in the present study, most likely due to the lower salinity (6.81 to 8.23 psu) at these stations. Being a hardy species, Hypnea sp. was found at all stations throughout the year in the Sibuti mangroves, with a mean biomass ranging from 141.72 to 210.56 mg/cm². It is well-known that macroalgal species are normally long-lived plants, and they can store huge amounts of nutrients during the nutrient limitation and environmental restriction phase in mangrove habitats (Hein et al. 1995; Pedersen & Borum 1996, 1997). Hence, it is not surprising that the abundance of Hypnea sp. was not found to be influenced by the monthly variation in the environmental parameters in the present study. Indeed, excess growth of this species during the rainy season or mortality during summer was not noticed.

CONCLUSION

Eight species from three groups of macroalgae, namely Rhodophyta and Phaeophyta, were found in this mangrove ecosystem. The first distributional record of mangrove macroalgae in Malaysian waters was for the species B. anomala. The macroalgal distribution was influenced by some abiotic and biotic factors, such as water nutrients, dissolved solids, and salinity, in the mangrove habitat of Sibuti.
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Abstrak: Jangkitan parasit usus adalah salah satu penyakit manusia yang lazimnya menyebabkan masalah kesihatan yang serius dan mengakibatkan isu-isu ekonomi di negara-negara maju dan membangun. Sayur-sayuran mentah dan buah-buahan memainkan peranan yang penting sebagai medium jangkitan parasit ke dalam manusia. Oleh itu, tujuan kajian ini adalah untuk menyiasat pencemaran parasitologi daripada sayur-sayuran berdaun dan buah-buahan yang biasa dimakan serta dipilih penduduk tempatan di Kuantan, Malaysia. Sebanyak satu kilogram sayur-sayuran tempatan yang dimakan mentah dan buah-buahan telah dikumpulkan secara rawak dari pasar basah Kuantan (Pasar Tani) semasa musim tengkujuh (November 2014–Januari 2015) dan musim kering (Februari 2015–April 2015). Prosedur lazim “wet mount” dan teknik perwarnaan Ziehl-Neelsen yang dimodifikasi telah digunakan untuk mengesan parasit. Dalam kajian ini, pemeriksaan sayur-sayuran mendedahkan lima spesies parasite yang berbeza. Sampel sayur-sayuran yang diambil daripada pasar basah Kuantan adalah positif untuk kedua-dua helmin dan protozoa. Walau bagaimanapun, sampel buah-buahan adalah negatif untuk pencemaran parasit. Pegaga merupakan sayuran yang paling tercemar dalam kajian ini dan Strongyloides adalah parasit yang paling kerap ditemui. Tambahan pula, terdapat kepelbagaian yang tinggi dalam jenis parasit yang telah diperhatikan semasa musim kering berbanding musim tengkujuh. Oleh itu, tindakan lanjut perlu diambil untuk mengurangkan berlakunya pencemaran parasit didalam sayur-sayuran dengan melaksanakan prinsip-prinsip amalan pertanian yang baik serta keberkesanan rawatan air perlu dipertingkatkan.

Kata kunci: Buah-buahan, Sayur-sayuran, Parasit, Musim Tengkujuh, Musim Kering

Abstract: Intestinal parasitic infections are one of the most common causes of human diseases that result in serious health and economic issues in many developing and developed countries. Raw vegetables and fruits play an important role in transmitting parasites to humans. Hence, the aim of this study was to investigate the parasitological contamination of select commonly consumed local leafy vegetables and fruits in Kuantan, Malaysia. One kilogram of locally consumed raw vegetables and fruits were collected randomly from the Kuantan wet market (Pasar Tani) during the monsoon season (November 2014–January 2015) and the dry season (February 2015–April 2015). A standard wet mount procedure and modified Ziehl-Neelsen staining were used for the detection of parasites. In the present study, the examination of vegetables revealed five different parasite species. The vegetable samples collected from Kuantan’s wet market were positive for both helminthes and protozoa. However, the fruits samples were negative for parasitic contamination. Pegaga was the most contaminated leafy vegetable in this study, and Strongyloides was the parasite found most frequently. Furthermore, there was a high diversity in the type of parasites observed during the dry season compared to the monsoon season. Therefore, further action should be taken to reduce the occurrence of parasitic contamination in vegetables by implementing the principles of good agricultural practice and improving water treatment efficacy.

Keywords: Fruits, Vegetables, Parasites, Monsoon Season, Dry Season

INTRODUCTION

Intestinal parasitic infections are considered to be one of the most common causes of disease in humans (Sehgal et al. 2010). It was reported that two billion individuals around the world are infected with pathogenic and nonpathogenic intestinal parasites (Gelaw et al. 2013). Protozoan parasites are capable of causing food-borne diseases, and some protozoan infections lead to serious health and economic issues in many developing and developed countries (Pepper et al. 2011). In the United States, 9.4 million food-borne illnesses are reported every year; of which, 0.2 million cases are caused by parasites (Scallan et al. 2011).

Many people regularly consume fresh vegetables. It has been reported that food-borne parasitic infections are associated with the consumption of contaminated fresh vegetables. In general, fruits and vegetables are considered to be vehicles that easily transmit parasites into individuals, especially when eaten raw or without peeling (Hassan et al. 2012). Cryptosporidium, Cyclospora, Giardia, Entamoeba histolytica, Entamoeba coli, and Ascaris lumbricoides are considered to be the most common parasitic contaminants of fruits and vegetables (Tefera et al. 2014). Vegetables and fruits become contaminated with different parasitic stages by means of three fundamental pathways, via the contamination of raw vegetables and fruits on the farm during harvesting, through contaminated water used for irrigation or washing process, and through infected food handlers (Ishaku et al. 2013).

In developing countries, because of inadequate or even nonexistent systems for the routine diagnosis of food-borne pathogens, most disease outbreaks caused by contaminated vegetables go undetected, and the incidence of food-borne pathogens in food is underestimated (Dorny et al. 2009). High rates of intestinal parasite diseases have been reported in communities that eat raw vegetables, which indicates that the consumption of raw vegetables is an important route of intestinal parasite transmission (Abdalla et al. 2013). Furthermore, consuming vegetables in a raw or slightly cooked form to protect or to preserve “heat-labile nutrients” may increase the risk of intestinal parasitic infections (Fallah et al. 2012).

Raw vegetables, also known as “ulam-ulaman” in Malay, are commonly consumed with rice. Because Malaysia is among the areas that have significant parasitic infections (WHO 2011), studies to identify the source of infections, methods of transmission, spread of such infections, and methods of prevention are all important. To date, only one study has investigated the occurrence of parasitic contamination in vegetables and fruits in Malaysia. Zeehaida et al. (2011) examined “cabbage, long beans, pegaga, carrot, water spinach, lettuce, cucumber, bean sprouts, daun kesum, ulam raja, apples, oranges, grapes, guava, rambutan and mangoes” in Kelantan, Malaysia. Their results revealed that none of the vegetables and fruits were contaminated with helminthes and protozoa except for pegaga, which was contaminated with Strongyloides.

Located on the east coast of Peninsula Malaysia, Kuantan is prone to flooding and is heavily influenced by the north-east monsoon wind, which brings the most rainfall during the monsoon season that runs from November until January (Malaysian Meteorological Department 2014). According to the World Health Organization (WHO 2011), the risk of parasitic infection is relatively low during floods unless there is a contaminated water source or significant population displacement. We investigated whether flooding affects parasite contamination in commonly consumed local raw leafy vegetables and fruits in Kuantan, Pahang, Malaysia. Therefore, our study is the first to address the parasitic contamination of select commonly consumed local raw leafy vegetables and fruits distributed in markets of Kuantan, Malaysia with seasonal variation (monsoon seasons and dry seasons).

MATERIALS AND METHODS

Study Area

The present study was carried out in Kuantan, Pahang. Kuantan is located on the East Coast of Peninsular Malaysia at a latitude of 3° 49’ 0” North and a longitude of 102° 20’ 0” East, with an estimated population of 607,778. Kuantan features a tropical rainforest climate with two seasons each year, monsoon season from November to January, with the most rainfall and dry season represented by the rest of the year. The climatic data were obtained from the Malaysian Meteorology Department (2014).

Sample Collection and Analysis

One kilogram of each of the following vegetables and fruits was collected monthly from November 2014 until April 2015 from the Federal Agriculture Marketing Authority markets (Pasar Tani) in Kuantan, Pahang: Centella asiatica (pennywort or pegaga), Ipomoea aquatic (water spinach or kangkung), Persicaria odorata (Vietnamese coriander or daun kesum), Averrhoa carambola (carambola or belimbing), Syzygium samarangense (rose apple or jambu air) and Psidium guajava (guava or jambu batu). To successfully extract parasitic ova, larvae, and cysts from the random samples, each type of vegetable and fruit was rinsed and soaked with 100 mL of distilled water in a plastic container for 15 minutes (Zeehaida et al. 2011). After this, a sterile strainer was used to filter the suspension, and the filtrate was centrifuged at 1,500 rpm for 10 minutes. The supernatant was discarded, and the remaining sediment was transferred to glass slides for microscopic observation (Ebrahimzadeh et al. 2013).

Detection of Parasites

For wet smear preparation, a drop of the sediment was taken from the centrifuge tube and placed on a clean microscope slide. A clean cover slip was placed gently to avoid air bubbles and over flooding. The wet smear was observed under a light microscope using 10× and 40× magnification for the qualitative detection of helminth eggs and protozoan cysts or oocysts (El Said Said 2012). Modified Ziehl-Neelsen stained smears were prepared for the detection of Cryptosporidium and Cyclospora spp. oocysts (El Said Said 2012). The Ziehl-Neelsen stain was modified by replacing sulphuric acid with acid-alcohol decolourising agent (3% hydrochloric acid in 95% ethanol) and using Malachite green stain as a counterstain to provide differential staining for coccidian parasites such as Cryptosporidium oocysts as described by Casemore et al. (1985).

RESULTS

The results in Table 1 show the occurrence of helminthes and protozoan parasites on pegaga, kangkung, daun kesum, belimbing, jambu air, and jambu batu collected during the monsoon season (November 2014–January 2015) and the dry season (February 2015–April 2015). Trematodes (unidentified flukes) were detected in daun kesum samples collected during monsoon season. One nematode larva (Strongyloides) and one trematode (unidentified fluke) were detected in the water sample used to wash the pegaga collected in January. Neither helminthes nor protozoan parasites were detected in the kangkung, belimbing, jambu air, and jambu batu samples during the monsoon season. Moreover, Strongyloides larvae, cysts of Entamoeba spp., cysts of Blastocystis spp., and unidentified flukes were detected in pegaga samples collected during the dry season. Unidentified flukes were detected in daun kesum samples collected during February and March. On the other hand, the kangkung and the fruits samples were microscopically negative for the presence of helminthes and protozoan parasites. Only pegaga samples were positive for both helminthes and protozoa. Helminth parasites detected on pegaga were larvae of Strongyloides, eggs of Diphyllobothrium, and unidentified trematodes (flukes). Cysts of the Protozoan parasites Entamoeba and Blastocystis spp. were detected on pegaga.


Table 1: The occurrence of helminthes and protozoa on selected vegetables and fruits samples collected during the monsoon season and the dry season in Kuantan, Pahang, Malaysia.
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DISCUSSION

In the present work, three types of raw vegetables (pegaga, kangkung, daun kesum) and three types of fruits (belimbing, jambu air, jambu batu) that are commonly consumed among the population in Kuantan were examined. The five types of parasites reported in this study were primarily recovered from pegaga. Strongyloides rhabdatiform larvae were the most frequently identified parasite extracted from pegaga. Strongyloides rhabdatiform larvae can be differentiated microscopically from the rhabdatiform larvae of other hookworms by their very short buccal cavities (McPherson & Pincus 2016). Our finding was supported by Zeehaida et al. (2011), who reported the detection of Strongyloides stercoralis larvae in pegaga, kesum, and kangkung vegetables consumed in Kota Bharu, Kelantan, Malaysia, with pegaga being the most contaminated sample (152 larvae), followed by kangkung with 16 larvae.

This might be because the Strongyloides has a free-living state that does not require a host for its proliferation, in addition to its parasitic mode of life (Tefera et al. 2014). This result was in agreement with studies performed in Kota Bharu, Kelantan, Malaysia (Zeehaida et al. 2011), in Jimma Town, Southwest Ethiopia (Tefera et al. 2014), and in Kogi, Nigeria (Omowaye & Audu 2012). However, this finding is in contrast with studies performed in Alexandria, Egypt, and in Shahrekord, Iran, where Cryptosporidium spp. oocysts and Ascaris lumbricoides eggs were the most frequently isolated parasites in vegetables (Fallah et al. 2012). In our study, unidentified trematodes (flukes) were also detected on vegetable samples, with daun kesum being the most contaminated vegetable throughout the period of the study, which is similar to a study performed by Nadia (2014) who reported the presence of unidentified trematodes on the vegetables collected from the local markets around Bau campus, Bangladesh. The detection of unidentified flukes in daun kesum during almost all of the months of our study could be attributed to the equatorial climate of Malaysia that is characterised by high temperatures. Temperature has a strong influence on the emergence, survival, and infectivity of trematodes (Poulin 2006). Increases in environmental temperatures lead to a distinct increase in trematodes emergence (Mas-Coma et al. 2009). Diphyllobothrium eggs were also recovered from the vegetable samples examined in our study. This finding is in agreement with a study carried out in Seoul, Korea, that reported the detection of Diphyllobothrium eggs in Chinese cabbage (Park & Kim 1975).

In the present study, protozoan parasites recovered from the vegetables included Entamoeba spp. and Blastocystis spp. cysts. This finding is similar to results reported by Dabiri et al. (2014) and Ebrahimzadeh et al. (2013). The presence of the Entamoeba spp. in the vegetables samples could be due to inappropriate agricultural practices during cultivation, with cultivated vegetables coming into direct contact with soil and water that is contaminated with human and animal faeces (Silva et al. 2014).

In contrast there were no helminth ova or protozoa found on the fruits samples examined in this study. However, our result seems to differ from the results of previous studies performed by Hassan et al. (2013) and Alli et al. (2011), who reported the presence of intestinal protozoa and helminthes on the fruit samples collected from a wet market in Nigeria. Variation in the detection of parasites on fruit samples between our studies and these previous studies could be due to differences in the geographical location and the type of fruit examined.

Variation in the occurrence of parasitic contamination among the different vegetable and fruit samples examined in this study could arise from differences in plant shape and surface area. Green leafy vegetables such as pegaga have a broad uneven surface that provides a large surface that allows parasitic eggs and cysts to easily attach to the vegetable. On the other hand, vegetables with long narrow leaves such as kangkung and fruits with smooth leathery surfaces like belimbing have the lowest occurrence of parasitic contamination because their narrow or smooth surfaces reduce the rate of parasitic attachment (Adamu et al. 2012; El Said Said 2012). The occurrence of more than one parasite type per sample in this study reflects the possibility of the multi-faecal contamination of vegetables, which could lead to multiple parasitic infections in humans. It might also indicate the persistence of intestinal parasitic infection in the area (Tefera et al. 2014).

For seasonal variation, five different species of parasites were found during the monsoon and dry seasons with two different parasites recorded during the monsoon season, and six different parasites recorded during the dry season. These results clearly indicate that the monsoon season has a low diversity of parasites compared with the dry season. Our findings are consistent with previous studies that reported higher rates of parasitic contamination and diversity during the dry season than during the monsoon season (Monge et al. 1996; Uga et al. 2009). Studies performed in Alexandria and Benha, Egypt, showed higher rates of parasitic diversity and contamination of raw vegetables during the warm season than during the cold season (El Said Said 2012; Eraky et al. 2014). The low diversity of parasites during the monsoon season could be explained by the parasitic eggs on the surface of the vegetables being washed away by the rain as assumed by Uga et al. (2009). S. stercoralis and flukes were found in both seasons, and this could be due to their environmental tolerance and resistance (Abagale et al. 2013). The high diversity of parasites during the dry season could be due to the high rate of parasitic excretion to the environment by humans or animals during the warm season (El Said Said 2012).

The contamination of vegetables and fruits occurs during either the harvesting stage, due to the absence of clean facilities for workers and dirty storage areas, or the post-harvest treatment, including during storage and transportation (Maqbool et al. 2014). Moreover, the contamination with parasitic pathogens could also be due to contact between the vegetables and contaminated soil or irrigation with contaminated water (Silva et al. 2014).

The habit of eating raw vegetables like pegaga and kangkung is commonly practiced in the study area. Hence, the findings of the present study may have implications for global food safety and public health. These findings highlighting the role raw vegetables may serve as a medium for transmitting parasites to humans in Kuantan, Pahang.


CONCLUSION

We found pathogenic helminth and protozoan parasites in the vegetables sold in Kuantan wet markets. Pegaga was the most contaminated leafy vegetables in this study, and Strongyloides was the most frequently isolated parasite. Furthermore, there was a high diversity in the type of parasites observed during the dry season compared to the monsoon season. Therefore, further action should be taken to reduce the occurrence of parasitic contamination in vegetables by implementing the principles of good agriculture practices and improving water treatment efficacy. The local health and environmental authorities should apply appropriate intervention methods to control the transmission of parasitic diseases through contaminated fruits and vegetables. These intervention methods include, improving sanitation in the areas where vegetables are grown and processed, implementing the proper treatment of wastewater used for irrigation, improving the hygiene of vegetable vendors and the cleanliness of markets, as well as increasing the consumers’ awareness of the negative health effects of intestinal parasites especially those due to the improper washing of vegetables before consumption.
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Abstrak: Rotan (subfamily Calamoideae) adalah satu komponen penting dalam hutan paleotropik. Walau bagaimanapun, tidak banyak kajian yang dijalankan berkaitan kelimpahan palma ini, khususnya di Semenanjung Malaysia. Kajian ini bertujuan untuk menilai kepelbagaian rotan, kelimpahan, dan biomassa rotan di dua jenis habitat yang berbeza, iaitu hutan dipterokarpa dan paya air tawar di dalam Hutan Simpan Segari Melintang, Perak selama tempoh dua tahun. Semua batang rotan dalam lima plot kajian (A–E) berukuran 100 × 100 m setiap satu di kedua-dua jenis habitat telah dikira pada tahun 2011 dan 2013 dan indeks kepelbagaian Shannon-Wiener (H’) dan indeks ketidak samaan Bray-Curtis turut dikira. Sebanyak 11 spesies dari 5 genera (161 batang ha–1) telah disampel. Kelimpahan rotan adalah lebih tinggi di plot kawasan berpaya, bagaimanapun, kepelbagaian rotan (H’) adalah paling tinggi dalam kawasan dipterokarpa plot D: H’(2011)1.79; H’(2013)1.84. Indeks-indeks Bray-Curtis bagi kelimpahan (persamaan tertinggi di paya air tawar: plot-plot BC(2011) 0.484, BC(2013) 0.262) dan biomassa adalah tertinggi bagi plot kajian dengan jenis tumbuh-tumbuhan yang sama untuk kedua-dua tahun. Bagi biomassa rotan, pasangan plot paling serupa berubah dari tahun ke tahun: plot-plot dipterokarpa A dan D adalah paling serupa bagi tahun 2011 (0.509), plot-plot berpaya B dan C adalah paling serupa bagi tahun 2013 (0.282). Kajian ini dapat membantu dalam menyumbang maklumat kepada taburan spesies rotan tempatan di hutan hujan primer Semenanjung Malaysia.

Kata kunci: Arecaceae, Calamus, Ceratolobus, Daemonorops, Korthalsia, Palma, Rotan

Abstract: Rattans (subfamily Calamoideae) are an important component of the forests of the Old World. However, few studies have been conducted on the distribution of these abundant palms within different habitats, specifically in Peninsular Malaysia. This study was aimed at assessing rattan diversity, abundance and biomass change across two different habitat types, namely, dipterocarp forests and fresh-water swamps within the Segari Melintang Forest Reserve, Perak, within two years. All rattan stems within five 100 m × 100 m sized study plots (A–E) of the two habitat types were counted in 2011 and 2013, and Shannon-Wiener diversity indices (H’) and Bray-Curtis dissimilarity indices were calculated. A total of 11 species from 5 genera (161 stems ha–1) were sampled. Rattan abundance was higher in all swamp plots; however, rattan diversity (H’) was highest in the dipterocarp plot (D: H’(2011)1.79; H’(2013)1.84). Bray-Curtis indices of rattan abundance (highest similarity in swamp: plot BC(2011) 0.484, BC(2013) 0.262) and biomass were highest for study plots with the same vegetation types in both years. For rattan biomass, the most similar plot pairs changed during the years: dipterocarp plots A and D were most similar in 2011 (0.509), and swamp plots B and C were most similar in 2013 (0.282). This study helped contribute information regarding the distribution and dynamics of rattans in a primary rainforest of Peninsular Malaysia.

Keywords: Arecaceae, Calamus, Ceratolobus, Daemonorops, Korthalsia, Palms

INTRODUCTION

Rattan palms (family Arecaceae, subfamily Calamoideae) are an important component of the primary and secondary forest vegetation of South-East Asia because they contribute structural complexity (Putz 1991), shelter (e.g., Sunderland 2004), and food (e.g., Henderson 1986; Lee 1995; Sunderland & Dransfield 2002; Kidyoo & McKey 2012). Rattans are comprised of approximately 600 species of 13 genera and grow throughout the Old World tropics and subtropics of Australia, Asia, and Africa (Dransfield et al. 2008). They reach their highest diversity in the Western part of Malaysia, where endemic species can occur together with as many as 30 species existing in one locality, thus helping to shape the distinctive local forest vegetation (Dransfield & Manokaran 1994). In Peninsular Malaysia, 106 species can be found, and half of these species are endemic (Dransfield 1979). All rattans are spiny and share common fruit characteristics, i.e., overlapping scales on the fruits (Dransfield 1992). Rattans are used as a commercial commodity on a global scale as well as for local purposes and have become the most important non-timber forest product in South-East Asia (Ros-Tonen 2000; FAO 2010). Although there were some attempts to establish commercial rattan plantations in the region during the last 30 years (e.g., Supardi & Wan Razali 1989), rattan is still mainly collected from the wild, mostly illegally (Siebert 2001). Rattan has become threatened with overexploitation through unsustainable harvesting methods during past decades (Sunderland & Dransfield 2002). Local communities that depend on rattan as a source of income are economically affected by the loss of rattan abundance and diversity (Avé 1988).

Although rattans are an important component of Malaysian forests (Dransfield et al. 2000), few studies were conducted with respect to rattan diversity in local forests (e.g., Tan et al. 1990; Supardi et al. 1998; Supardi 1999; Nur Hasmiza & Mohd Nazip 2011).

Here, we assessed rattan diversity and biomass in a lowland coastal rainforest in Perak across two different forest types (swamp vs. dipterocarp) and during two years (2011 and 2013). Moreover, we tested for a possible difference in rattan species richness between the forest edge and centre. Within lowland forests, rattan species are specific for different habitat types (Dransfield 1979); thus, we expected differences in species abundance and the contribution of biomass for dipterocarp forests or alluvial fresh-water swamp forests at the study site.


MATERIALS AND METHODS

Study Site

The study site was located at the Segari Melintang Forest Reserve, Perak, near the village of Teluk Senangin (Fig. 1). Its main vegetation type is lowland dipterocarp forest, and there are patches of alluvial fresh-water swamp along its edges. The reserve currently comprises 2742 ha, of which 407 ha is strictly protected virgin jungle reserve (VJR) (Perak Forestry Department, pers. comm.). A more detailed description of the study site can also be found in Ruppert (2014).
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Figure 1: Location of the Segari Melintang Forest Reserve, Perak, Peninsular Malaysia. Note: Map courtesy of Rahmad Zakaria.




Five permanent study plots (termed A–E from south to north, each 100 × 100 m) near the forest edge were established for a long-term rattan survey. The study plots were chosen to cover both vegetation types (dipterocarp forest and freshwater swamp). Plots A and D were dominated by mesic, firm podsolic and lateritic soils (Panton 1970) and by dipterocarp species, with a high abundance of Eugeissonia tristis palms in some areas. Both plots ran up a steep hill slope up to 40 m a.s.l. Plots B, C, and E consisted of gley soils (Panton 1970) and freshwater swamp vegetation (mainly Salacca spp.), with elevations less than 10 m a.s.l. The boundaries of any two neighbouring plots were at least 50 m apart from each other, and the distance between the outermost plots (A and E) was approximately 1.5 km.

In addition to the five permanent study plots, four transects (each 900 × 20 m) near plots A, B, and C (spaced 100 m apart from each other) reached from the forest edge into its centre and stretched up a hill (maximum elevation 150 m a.s.l.). They were sampled once in 2012 to test for differences in the rattan species richness between the forest edge and centre (Fig. 2).
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Figure 2: Arrangement of five rattan study plots (termed A–E from south to north, 100 × 100 m) and four transect strips (900 × 20 m; true to scale).

Note: Image sourced from Google earth, on 20 January 2013.



Rattan Assessment

All rattan clumps within the five study plots were counted in January 2011, November 2012, and March 2013 as well as once along those transects in November 2012. Species, sex, number of stems, and GPS position were recorded for each individual clump.


Rattan Biomass Estimations

A full account of the methods applied to determine the biomass values can be found in Ruppert et al. (2016). The rattan biomass of each plot was determined by multiplying the number of stems per species per plot with their respective biomass values (available from Ruppert et al. 2016).

Statistics

The variable of the quantitative data of rattan abundance followed a non-normal distribution for both years (Shapiro-Wilkinson test, p<0.05, W2011 0.748, W2013 0.691). A Kruskall-Wallis test was used to test for differences in rattan abundance and biomass between the plots (inter-plot comparison), while the Wilcoxonsigned rank test was applied to test for differences in rattan abundance and biomass of the same plot between two years (inter-year comparison, e.g., plot A2011 vs. A2013). Bray-Curtis dissimilarities were calculated to compare for greater similarities of rattan abundances and biomass between habitat types, i.e., either dipterocarp plots (A and B) or swamp plots (B, C, and E). This index ranged between 0 and 1, where 0 meant the two sites were most similar, and 1 meant the two sites were most dissimilar. A subsequent Mantel test of the two matrices (2011 and 2013) was applied to test for changes of similarity between the two years.

RESULTS

Rattan Abundance and Diversity

Total

A total of 1964 stems were sampled on 12.2 ha within the study plots (Table 1) and along the transect strips in 2012, which resulted in a total rattan abundance of 161 stems per hectare at the Segari Melintang Forest Reserve during that time. Only 9 out of 11 species and 4 out of 5 genera were recorded along the 4 transects that reached into the forest centre. An increase in the sampling area size did not lead to an increase in species or genera number from 4 ha onwards (Fig. 3). Rattan diversity was lowest near the forest edge (0–300 m: H‘ 0.76–0.83) and highest (H‘ 1.69) at a distance of 300–450 m away from the forest edge, then lowering again towards the forest centre (450–900 m: H‘ 1.03–1.22).


Table 1: Rattan species composition of five 1 ha-sized plots (A–E) at Segari Melintang Forest Reserve, Perak: stem numbers, relative abundances (%), Shannon-Wiener diversity indices (H’), and evenness (E) of all rattan species per plot in 2011 and 2013.

[image: art]



[image: art]

Figure 3: Rattan species/genera-area accumulation curve for rattans at Segari Melintang Forest Reserve, Perak.



Study Plots

Shannon diversity indices (H’) within the 5 study plots ranged from 0.88 (B, 2011) to 1.78 (D, 2013) (Hmax 2.40, Table 1). Plot D hosted only few rattan species and stems, but the stem numbers were evenly distributed across species. The other plots were dominated by a few species, for example Daemonorops angustifolia in plot B and Daemonorops micracantha in plot E. In general, the rattan species richness was higher in the swamp plots (8–10 species) than in the Dipterocarp plots (7 species), but no plot hosted all 11 rattans species together (Table 1).

There was no significant difference in the rattan abundances between the two years (Kruskall-Wallis test, p>0.05 for 2011 and 2013) or within one plot between the two years (pair-wise comparison of rattan abundance of one plot between 2011 and 2013, Wilcoxon–signed rank test, p>0.05 for all plots2011vs.2013).

The overall rattan biomass was higher in the swamp plots than in the dipterocarp plots throughout the study period. The highest biomass (in kg) was recorded for plot B2011 (7501.5 kg), followed by C2011 (4692.0), B2013 (4546.2), E2011 (444.1), E2013 (3918.7), and C2013 (3481.0). For the dipterocarp plots, plot A2011 (518.4) had the highest biomass throughout the study period, followed by A2013 (504.6), D2013 (317.0), and D2011 (263.6) (Table 2).

There was no significant difference in the rattan biomass between the plots in both years (Kruskall-Wallis test, p>0.05 for 2011 and 2013) or within one plot between the two years (pair-wise comparison of rattan biomass in one plot between 2011 and 2013, Wilcoxon–signed rank test, p>0.05 for all plots2011vs.2013) (see also Ruppert et al. 2016).


Table 2: Rattan aboveground biomass (kg) per study plot in 2011 and relative biomass changes (2013). Biometric measurements for all mentioned species and additional information can be derived from Ruppert et al. (2016).
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Habitat Comparison

Bray-Curtis dissimilarities for rattan abundance and biomass between habitat types (plot A and D: dipterocarp forest; plot B, C, and E: alluvial fresh-water swamp forest) in 2011 and 2013 are shown in Table 3. Plots of the same habitat type were more similar in rattan abundance and biomass to each other than to plots of the other habitat type. There were no significant changes in (dis-)similarity between the two years for rattan abundance (Mantel test, r(AB) 0.973, p<0.001, significant matrix correlation) and biomass (Mantel test, r(AB) 0.938, p<0.0045, significant matrix correlation).


Table 3: Bray-Curtis dissimilarities of rattan abundance and biomass between two habitat types: Plots A, D: lowland dipterocarp forest; and Plots B, C, D: alluvial fresh-water swamp forest. BC = 0: most similar, and BC = 1: most dissimilar. Similar plots are marked in grey.
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DISCUSSION

Abundance, Diversity, and Biomass

The species-areas accumulation curve showed no increase in species richness from 4 ha onwards, and no new species were found along the transects that reached into the forest centre. Therefore, the sampling plots at the forest edge represented the general rattan species profile of this (southern) part of the Segari Melintang Forest Reserve. However, during a random survey walk in another part of the Segari Melintang Forest Reserve, which was approximately 2 km North of the study plots, the authors discovered several clumps of Korthalsia flagellaris. This species is commonly associated with swampy forests (Dransfield 1979) and was not found within the study plots or along the sampling transects. Therefore, more sampling transects distributed over a wider range of the whole reserve, especially within the lower lying areas, are recommended to accurately assess the rattan species profile of the Segari Melintang Forest Reserve. While statements made by Dransfield (1979, 1992) were deduced from his years of observation walking through many forest types, these statements need to be supported by results from more studies on the matter. Hence, it would also be important to record environmental gradients along the transects or within plots per 20 × 20 m at the Segari Melintang Forest Reserve to gain a more complete picture. These should also be made for the average tree stand density (trees above 10 cm diameter) to indicate the relative light intensity and ground undergrowth that may be related to the abundance of certain rattan species.

Our study site had a rather low species diversity compared to other published studies in lowland forests of Peninsular Malaysia (e.g., Supardi et al. 1998; Supardi 1999; Nur Hasmiza & Mohd Nazip 2011). Nevertheless, the highest variety of genera was found here. The highest species diversity was recorded 300–450 m into the forest, and it was lower towards the forest edge and centre. The forest centre itself was situated on a hill top, and its ecological features (e.g., poorly drained soils and low canopy density) may have excluded some rattan species from this habitat type (Dransfield 1992). This may have led to an overall lower diversity than that found on the gentle slopes reaching up the hill towards the forest centre. At the forest edge, only two species, Calamus castaneus and D. angustifolia, contributed to high stem numbers. Moreover, D. angustifolia could not be sampled any deeper than 100 m in the forest. Here, this species was associated with disturbed areas with open canopy and represented by high stem numbers along the forest edge (Dransfield 1979, p. 19).

C. castaneus and D. micracantha were found in high abundance in the swamp plots, and D. angustifolia and Daemonorops geniculata were solely confined to this habitat type. Calamus diepenhorstii was found in higher abundance at the dipterocarp forest sites, and although abundant in plot E, clumps here were restricted to a few elevated patches of dry soil within the plot. Calamus insignis was most abundant in the dipterocarp habitat; only one individual in rosette form was discovered in swamp plot C, again on a slightly elevated dry soil patch at the edge of the plot. There was no significant change in the similarities of rattan abundance and biomass between the plots in 2011 and 2013, although some species, such as Myrialepis paradoxa and D. angustifolia, with the highest individual biomasses, lost 50%–75% of their stems during the study period due to natural causes (unidentified disease) and occasional illegal harvest (D. angustifolia) (see also Ruppert et al. 2016).

Habitat Comparison

Plots with similar habitat structure (A and D: dipterocarp forest; B, C, and E: swamp forest) were more similar in rattan abundance and biomass in both years compared to plots of the other habitat type. In both years, the plots with the most similar rattan abundance were B and C (both swamp). For rattan biomass, the similarity changed between the years, from A and D (both dipterocarp forest) being most similar in 2011 and C and B being most similar in 2013.

Rattans can utilise a wide range of ecological conditions; however, some species are restricted to specific habitat types (Dransfield et al. 2008). C. castaneus and D. micracantha were found in high abundance in the swamp plots, and D. angustifolia and D. geniculata were solely confined to this habitat type. C. diepenhorstii was found in higher abundance at the dipterocarp forest sites, and although abundant in plot E, clumps here were restricted to a few elevated patches of dry soil within the plot. C. insignis was most abundant in the dipterocarp sites; only one juvenile individual was discovered in the swamp plot C, again on a slightly elevated dry soil patch at the edge of the plot. There were no significant changes in the similarities of rattan abundance and biomass between the plots in 2011 and 2013, although some species, such as M. paradoxa, was confined to one single spot with open canopy at a well-drained area in the swamp plot C. Daemonorops densiflorus was found in both habitat types, although Dransfield (1979) attributed this species to dry hilly areas.


CONCLUSION

This study helped add more information to the field of rattan research that should still be complemented by studies in other forests of Peninsular Malaysia to learn more about the diversity of Malaysian rattans across different habitat types. Over the long-term, this knowledge can aid in working towards conservation strategies for this threatened plant family and its habitat.
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Abstract: The diversity and abundance of marine crabs from a collapsible crab trap fishery at Kung Krabaen Bay, Gulf of Thailand, were observed from August 2012 to June 2013 using 10 sampling stations. The results showed that there were seven families, 11 genera and 17 species (two anomuran and 15 brachyuran crabs). The two anomuran species were Clibanarius virescens (1,710 individuals) and Clibanarius infraspinatus (558 individuals). For brachyuran crabs, Portunidae was the most common family, including 10 species. The dominant species of brachyuran crabs included Thalamita crenata (897 individuals), Portunus pelagicus (806 individuals), Charybdis affinis (344 individuals), Scylla sp. (201 individuals), and Charybdis anisodon (100 individuals). The abundance of crabs was affected by the habitat type. Anomuran crabs had the highest abundance in Halodule pinifolia seagrass beds, whilst brachyurans had the highest abundance in Enhalus acoroides seagrass beds. The dominant brachyuran species were found in pelagic areas near the bay mouth, such as P. pelagicus, P. sanguinolentus, C. feriatus, C. helleri, C. natator, C. affinis, and M. hardwickii. Lastly, reforested mangroves were important habitats for Scylla tranquebarica and C. anisodon. Seasonal and physical factors influenced the abundance of some crabs, for example, the abundance of C. virescens was correlated with temperature, and the abundance of T. crenata was correlated with transparency depth. Our results revealed that Kung Krabaen Bay serves as the home to many marine crab species; however, our results also revealed that 49% of the harvested crabs (2,308 out of 4,694 individuals) were simply discarded and subsequently died. Moreover, our research noted that eight non-target species will become target species in the near future. Therefore, research on the reproductive biology of some marine crabs and an improved understanding of the importance of marine crabs by local fishermen are necessary to prevent biodiversity degradation and loss in this area.
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INTRODUCTION

Marine crabs are economically important to Thailand. At a country level, they have long been exported to foreign countries in the form of living crabs and chilled crabs (e.g., Taiwan, Singapore, Hong Kong, Japan, China, the United States of America.). Some species such as the blue swimming crab, Portunus pelagicus, and the mud crab, Scylla sp., are well-known in international markets. At a local level, they are a source of income for local fishing communities living in coastal areas. From an ecological point of view, they play an important role as predators, prey, and/or detritus feeders in the complex food web of coastal and marine ecosystems, especially in mangrove forests, seagrass beds and coral reefs. At the same time, they are prey for other marine animals such as squids, fish, turtles and mammals (Josileen 2011).

Recently, the topic of marine crabs in Thailand has been an area of debate in terms of a variety of issues, especially regarding anthropogenic causes such as habitat destruction and degradation, environmental crises (e.g., pollution from oil spills), and overharvesting (Tiansongrassamee 2004). In many coastal areas, mangrove forests have been converted into shrimp farms that subsequently release pollution into the sea. This has a negative effect on the important nursery grounds of many marine animals. Some coastal areas have also been converted into tourism hotspots, creating pollution and waste that is then fed back into coastal and marine ecosystems. A further case to consider is unintentionally caught species, so-called “bycatch”, with a portion being marine crabs. Most of them are non-economic species and are usually discarded. As a result of these disturbances, many species of marine crab are currently threatened. Unfortunately, there has been limited study on the species diversity and ecology of marine crabs for conservation purposes.

Kung Krabaen Bay, one of the many fishing grounds in Thailand, has a number of diverse habitats, such as mangrove forests, seagrass beds and coral reefs (Kunsook et al. 2014b), which are suitable for many brackish and marine plants and animals. It is an important fishery site for fishermen to generate income, especially from the blue swimming crab. This area is currently a source of disagreement with regards to development problems, as mentioned earlier. Kung Krabaen Bay and adjacent sites (e.g., Chaolao and Kung Wiman beaches) are now popular places for tourism thanks to their long, beautiful beaches. In the last few decades, many resorts have emerged in parallel with road development projects for convenient access. In turn, this situation creates higher demand for crabs and other marine animals that is not only limited to the blue swimming crab as in the past.

Much research has been carried out in Kung Krabaen Bay, particularly on the blue swimming crab, including research on its feeding ecology (Kunsook et al. 2014a), stock assessments (Kunsook et al. 2014b: Bhatrasataponkul et al. 2008), population dynamics (Kunsook 2006; Raungprataungsuk, 2009) and sustainable management (Kunsook et al. 2014b, Tantichaiwanit et al. 2010) because it is this crab species that is the main target in this area. There are many different types of fishing gear used to harvest blue swimming crabs, such as crab gill nets, crab gill seines and collapsible crab traps. It was reported that there were more than 4,000 collapsible crab traps in this area alone and that they could potentially harvest other marine animals, including shrimps, squids, molluscs and fish (Kunsook 2011). As a consequence of the reduction in the numbers and size of blue swimming crabs due to overharvesting (Kunsook 2011; Kunsook et al. 2014b), fishermen have adapted to collecting and selling other marine animals, particularly marine crabs that are unintentionally caught by fishing gear, to gain further income. As a result, many of them have become new target species. This adaptation by the fishermen has created more pressure on marine animals, with many of them becoming new target species in the area.

The increase in harvesting pressure and tourist demand for marine animal products has led to issues regarding biodiversity degradation and biodiversity loss. Unfortunately, there has been limited study on the diversity and abundance of other marine crabs as well as their utilization by fishermen, i.e., those being discarded, consumed by the family, and/or sold. Such data are important for establishing an appropriate conservation plan. Therefore, this study aims to investigate the species diversity and physical factors related to the abundance and distribution of marine crabs from a collapsible crab trap fishery. The findings from this study will provide new scientific knowledge on the effects of collapsible crab trap fisheries on marine animals, which could be further applied towards biodiversity conservation in other coastal areas around Thailand and its neighbouring countries.

MATERIALS AND METHODS

Data Collection

The data were collected in Kung Krabaen Bay, which is located in Chanthaburi Province, eastern Thailand (Fig. 1). One hundred collapsible crab traps (28×46×18 cm) covered with a green polyethylene net with a mesh size of 2.5 inches were used to collect crab samples on a monthly basis from August 2012 to July 2013. These traps were placed in the sea for 4 hours during high tide using fish to attract crabs to the entrance of the trap. After four hours, the crabs were harvested and brought to the laboratory for analysis. This procedure was carried out over two seasons, wet and dry, based on the classifications of the Kung Krabaen Bay Royal Development Study Center (2003). The dry season lasted from November to April and the wet season from May to October.

The sampling sites were separated into 10 stations covering diverse types of crab habitats, including two species of seagrass, Enhalus acoroides and Halodule pinifolia, reforested mangrove forests and pelagic areas inside the bay (Fig. 1). Ecological factors were also measured with a multi-parameter probe (LEGA Engineering Company, Bangkok) at each station, including dissolved oxygen, temperature, pH, salinity, depth and transparency depth.

After the field data collection, the crab samples were identified by key references, including Virachapinthu (1989); Thamrongnawasawat & Wisespongpand (2007), and Singhacharoenwat et al. (2013). Then, the intended utilisation of the marine crabs (i.e., being discarded, consumed, and/or sold) was determined by interviewing the fishermen who had practiced collapsible crab trap fishing in the bay.
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Figure 1: Sampling sites in Kung Krabaen Bay, Thailand (A), and a collapsible crab trap (B).

Note: Habitat types: A-B = Reforested mangroves; C-E= Enhalus acoroides seagrass beds; F-G = Halodule pinifolia seagrass beds; H-J = Pelagic areas.



Data Analysis

The abundance of marine crabs amongst stations and seasons was compared by one-way ANOVA, and the percentages of those being discarded, consumed and/or sold were analysed. The relationships between the abundance of crabs and physical factors were also tested by Pearson correlations.

RESULTS

Species Diversity

The marine crab species diversity in the Kung Krabaen Bay ecosystem can be classified into seven families, 11 genera, and 17 species (Table 1). From the total number of 4,694 individuals, there were two anomuran species, Clibanarius virescens (1,710 individuals, 36.4%) and Clibanarius infraspinatus (558 individuals, 11.9%), and 15 brachyuran species, with a total of 2,426 individuals (51.7%). Most of the brachyuran crabs were members of the family Portunidae, which consisted of 10 species. The dominant brachyuran species were Thalamita crenata (897 individuals), Portunus pelagicus (806 individuals), Charybdis affinis (344 individuals), Scylla tranquebarica (201 individuals), and Charybdis anisodon (100 individuals). The size distribution of some marine crabs was observed, showing the average size of P. pelagicus, S. tranquebarica T. crenata, C. affinis and C. anisodon to be 7.17±2.29, 7.80±2.21, 5.51±1.08, 4.10±1.00 and 4.32±0.64 cm carapace width (CW), respectively. The carapace range of P. pelagicus was highest, ranging from 8–9 cm, while those of S. tranquebarica and T. crenata ranged from 9–10 cm and 5–6 cm, respectively. For both species of the genus Charybdis, C. affinis and C. anisodon, the highest carapace width ranged from 4–5 cm (Fig. 2). These results indicate that marine crabs in Kung Krabaen Bay are in the juvenile stage.
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Figure  2: Size distributions of some marine crabs in Kung Krabaen Bay, Chanthaburi Province, Thailand.




Utilisation Status

Regarding the utilisation of marine crabs by fishermen, the results showed that seven species were discarded (2,308 individuals, 49%), including C. infraspinatus, C. virescens, M. victor, H. diacanthus, C. helleri, P. vigil, and A. integerrimus. Of these discarded species, most were anomurans (2,268 individuals, 48%), and very few of them were brachyurans (40 individuals, 1%) (Table 1, Fig. 3).

Ten species of marine crabs (2,386 individuals, 51%) were kept for household consumption and/or sale at local markets. Two of the species kept were the target species of collapsible crab trap fisheries in the study area (1,007 individuals, 22%), these being P. pelagicus and S. tranquebarica. The other eight species (1,379 individuals, 29%) were V. litterata, M. hardwickii, C. affinis, C. anisodon, C. feriatus, C. natator, P. sanguinolentus, and T. crenata. (Table 1, Fig. 3).

Based on the interviews and observations, the fishermen usually cooked marine crabs by making them sweet or fried and ate them as crispy snacks. These products are also popular among tourists who come to visit Kung Krabaen Bay and the beaches near this area.


Table 1: Species diversity of marine crabs in Kung Krabaen Bay, Thailand.



	Family

	Scientific name

	Common name

	Number of individuals

	Utilisation*




	Anomuran group



	Diogenidae
	Clibanarius infraspinatus
	Orange striped hermit crab
	558

	D




	
	Clibanarius virescens
	Yellow foot hermit crab
	1,710

	D




	Brachyuran group



	Calappidae
	Matuta victor
	Moon crab
	29

	D




	Grapsidae
	Varuna litterata
	Green tidal crab
	1

	C/S




	Majidae
	Hyastenus diacanthus
	Horn decorator crab
	1

	D




	Menippidae
	Myomenippe hardwickii
	Stone crab
	3

	C/S




	Portunidae
	Charybdis affinis
	Swimming crab
	344

	C/S




	
	Charybdis anisodon
	Two-spined arm swimming crab
	100

	C/S




	
	Charybdis helleri
	Indo-Pacific swimming crab
	5

	D




	
	Charybdis feriatus
	Crucifix crab
	10

	C/S




	
	Charybdis natator
	Ridged swimming crab
	8

	C/S




	
	Podophthalmus vigil
	Long-eyed swimming crab
	1

	D




	
	Portunus pelagicus
	Blue swimming crab
	806

	C/S




	
	Portunus sanguinolentus
	Blood-spotted swimming crab
	16

	C/S




	
	Scylla tranquebarica
	Mud crab
	201

	C/S




	
	Thalamita crenata
	Rock crab
	897

	C/S




	Xanthidae
	Atergatis integerrimus
	Brown shawl crab
	4

	D




	
	
	
Total


	4,694

	




Note: * D = Discard, C = Consume, S = Sale
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Figure 3: Utilisation statuses of marine crabs.




Seasonal Abundance

Most of the marine crabs, such as T. crenata, P. pelagicus, C. affinis, S. tranquebarica, and C. anisodon, were caught all year long, while some species were found in particular seasons, including V. litterata and P. vigil, which were caught in the wet season, and H. diacanthus, which was caught in the dry season (Fig. 4).


[image: art]

[image: art]

[image: art]

Figure  4: Seasonal abundances of marine crabs from August 2012 to July 2013 at Kung Krabaen Bay, Chanthaburi Province, Thailand.




Going into further detail, the highest and lowest abundances of anomuran crabs were found in September (during the wet season) and February (during the dry season), respectively, (Fig. 4). C. virescens was common in September and October, whilst C. infraspinatus was common in July. Similar to brachyuran crabs, many other species were commonly found in the wet season, such as P. pelagicus, P. sanguinolentus, and T. crenata. Statistically, the numbers of C. virescens, C. affinis and C. anisodon were significantly different between the two seasons (Table 2).


Table 2: One-way ANOVA results showing the significance of differences in marine crab abundance between the wet and dry seasons.



	Species of marine crab
	Df

	Mean square

	F

	Sig.




	Clibanarius virescens
	1

	3641.008

	7.558

	.007*




	Clibanarius infraspinatus
	1

	138.675

	3.292

	.072




	Portunus pelagicus
	1

	72.075

	1.471

	.228




	Thalamita crenata
	1

	572.033

	5.752

	.018




	Scylla tranquebarica
	1

	3.333

	.648

	.423




	Charybdis feriatus
	1

	0.675

	2.916

	.090




	Portunus sanguinolentus
	1

	0.408

	1.170

	.282




	Charybdis affinis
	1

	190.008

	11.826

	.001*




	Charybdis anisodon
	1

	43.200

	11.725

	.001*




	Charybdis hellerii
	1

	0.008

	.091

	.763




	Matuta victor
	1

	1.200

	1.483

	.226




	Atergatis integerrimus
	1

	0.008

	.337

	.563




	Myomenippe hardwickii
	1

	0.033

	2.034

	.156




	Charybdis natator
	1

	0.008

	.145

	.704





Note: *Significance at p<0.05

Abundance among stations

Among our 10 sampling stations, we found that stations A and B were reforested mangroves; C, D and E were Enhalus acoroides seagrass beds; F and G were Halodule pinifolia seagrass beds; and H, I and J were pelagic zones. Regarding these four habitat types, the results showed that two anomuran species were distributed across all the recorded sites; however, they had the highest abundance in the H. pinifolia seagrass bed stations (stations F and G) followed by the pelagic zones (stations H, I and J). In further detail, C. virescens was most commonly found in H. pinifolia seagrass beds (Station E), while C. infraspinatus was found in the pelagic area near the mouth of the bay (Station H) (Fig. 5).
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Figure  5: Abundance and distribution of marine crabs across 10 stations at Kung Krabaen Bay, Chanthaburi Province, Thailand.




In the case of brachyuran crabs, six species, including T. crenata, P. pelagicus, P. sanguinolentus, C. affinis, C. anisodon, and S. tranquebarica, were distributed across all habitat types (Fig. 4). Some species, such as P. pelagicus, P. sanguinolentus, C. natator, C. feriatus, C. helleri, C. affinis and M. hardwickii, had the highest abundance in pelagic zones (stations H, I and J), whilst T. crenata, A. integerrimus, and H. diacanthus commonly inhabited E. acoroides seagrass beds. M. victor and V. litterata were found in H. pinifolia seagrass beds. S. tranquebarica and C. anisodon had the highest abundance in reforested mangrove forests. Statistically, the numbers of anomuran crabs (C. virescens) were significantly different (p<0.05) amongst the stations. For brachyuran crabs, the numbers of P. pelagicus, P. sanguinolentus, T. crenata,  Scylla sp., C. feriatus and C. natator were also found to be significantly different (p<0.05) amongst the stations (Table 3).


Table 3: One-way ANOVA results showing the significance of differences in the abundance of marine crabs among stations.



	Species of marine crab
	df

	Mean square

	F

	Sig.*




	Clibanarius virescens
	9

	514.800

	7.379

	.000*




	Clibanarius infraspinatus
	9

	63.379

	1.536

	.144




	Portunus pelagicus
	9

	217.241

	5.687

	.000*




	Thalamita crenata
	9

	514.800

	7.379

	.000*




	Scylla tranquebarica
	9

	13.963

	3.168

	.002*




	Charybdis feriatus
	9

	0.527

	2.493

	.012*




	Portunus sanguinolentus
	9

	1.186

	4.220

	.000*




	Charybdis affinis
	9

	27.582

	1.651

	.110




	Charybdis anisodon
	9

	4.342

	1.090

	.376




	Charybdis hellerii
	9

	0.097

	1.078

	.384




	Matuta victor
	9

	0.870

	1.078

	.385




	Atergatis integerrimus
	9

	0.059

	1.222

	.289




	Myomenippe hardwickii
	9

	0.870

	1.078

	.385




	Charybdis natator
	9

	0.134

	2.645

	.008*





Note: *Significance at level 0.05

Relationship between the abundance of crabs and physical factors

We found positive and negative correlations between the abundance of crabs and the physical factors for some species (Table 4). Among the anomuran crabs, C. infraspinatus had a positive correlation with temperature. In the brachyuran crabs, T. crenata, S. tranquebarica, and P. sanguinolentus had negative correlations with transparency depth, while M. vietnamensis showed an opposite relationship. T. crenata was negatively correlated with depth, whilst C. helleri showed a positive correlation. Only A. integerrimus showed a correlation with salinity. The other species, such as P. pelagicus, C. affinis, C. anisodon and C. feriatus, were found to have no correlation with physical factors, meaning that they were able to distribute widely in the bay. The average salinity was 27.25±4.68 PSU, the average temperature was 30.2±3.05°C, and the average pH was 7.60±1.11. The other physical factors are shown in Table 5.


Table 4: Correlation between marine crabs and physical factors in Kung Krabaen Bay.



	Species of marine crab
	Factor

	Correlation value




	C. infraspinatus
	temperature
	0.665




	T. crenata
	transparency depth and depth
	-0.677 and -0.655




	Scylla tranquebarica
	transparency depth
	-0.716




	P. sanguinolentus
	transparency depth
	-0.666




	M. vietnamensis
	transparency depth
	0.643




	C. helleri
	temperature and depth
	0.644 and 0.743




	A. integerrimus
	salinity
	-0.763






Table 5: Physical attributes of seawater in Kung Krabaen Bay.



	Physical factor

	Mean±SD.




	Salinity
	27.25±4.68 PSU




	Temperature
	30.2±3.05 °C




	pH
	7.60±1.11




	Dissolved oxygen
	6.38±1.29 Mg/L




	Transparency depth
	84.85±49.24 cm





DISCUSSION

Species Diversity

Kung Krabaen Bay has a size of approximately 760 ha, supporting seven families, 11 genera and 17 species of marine crabs (two anomuran and 15 brachyuran species) harvested from a collapsible crab trap fishery. This is in comparison to previous studies in Thailand showing that there are 746 species of marine crabs (Naiyanetr 1998; Ng & Davie 2002). In coastal areas, 54 species of marine crabs were found in Cape Panwa, Phuket Province (Wisespongpand et al. 2009), 54 species in Mu Ko Angthong Marine National Park, Surat Thani Province (Wisespongpand et al. 2008), and 77 species in Mu Ko Surin National Park, Thailand (Wisespongpand et al. 2007). Moreover, Khoyngam & Lauhachinda (1985) reported 11 families, 37 genera and 72 species of marine crabs from a small trawl fishery. Unfortunately, there is a lack of reports on species diversity in other bays around Thailand to compare with this study. However, we can confidently say that this could be an important area for preserving species diversity, as approximately one-fourth to one-third of marine crab species inhabit this bay alone, in comparison to other coastal areas of Thailand.

In other regions, Jit et al. (2013) reported that the majority of marine crabs found within a small-scale fishery in the Bay of Bengal were from the family Portunidae. Sakthivel & Fernando (2012) found a total of 38 brachyuran species at Mudasal Odai and Nagapattinam on the southeastern coast of India. Among these numbers, there were 19 species of portunid crabs. Our findings showed four of the same species, namely C. hellerii, C natator, P. sanguinolentus and T. crenata. Moreover, Varadharajan & Soundarapandian (2012) studied the diversity of commercially important crabs from Arukkattuthurai to Pasipattinum on the southeastern coast of India, where they found 12 species of crabs, the most dominant of which was P. pelagicus, similar to our own study. However, differences in the number of species were caused by many factors such as the habitat (bay or coastal areas), geographical distribution of the crabs, season, fishing gear used to collect the samples (Raungprataungsuk 2009; Kunsook 2011; Wisespongpand et al. 2009), exploitation rate and physical factors such as temperature, salinity, transparency depth and pH (Varadharajan & Soundarapandian 2012).

The size distribution results show that most of the marine crabs, such as P. pelagicus, S. tranquebarica, T. crenata, C. affinis and C. anisodon, were in the juvenile stage due to this area having many diverse ecosystems such as seagrass bed and mangrove ecosystems. Both ecosystems serve as habitat and nursery grounds for juvenile marine animals, particularly marine crab populations (Pittman & McAlpine 2003; Kangas 2000).

Abundance and Distribution Across Stations

This study found that the different habitat types had different suitability for marine crabs. Anomuran crabs, particularly C. virescens, had the highest abundance year-round in H. pinifolia seagrass beds. This corresponds with a previous study showing that anomuran species inhabit muddy and sandy beaches and intertidal to shallow sub-tidal seagrass bed areas in the Indo-Pacific region, which includes Thailand (Wait & Schoeman 2012).

Some brachyuran crabs such as P. pelagicus, P. sanguinolentus, C. feriatus, C. helleri, C. natator, C. affinis and M. hardwickii had the highest abundance in the pelagic areas (Stations H, I and J) due to their life cycle (Raungprataungsuk 2009; Kunsook 2011). The Kung Krabaen Bay ecosystem is an important nursery ground for juvenile crabs. They live in the bay until they grow to maturity before moving to the deep sea for spawning. Using the water current, the crab larvae (megalopa stage) will then settle in the bay again and mature (Kunsook et al. 2014b). Thus, we find these species in pelagic areas.

Other species such as T. crenata, A. integerrimus, M. vietnamensis and H. diacanthus had the highest abundance in E. acoroides seagrass beds, whilst M. victor and V. litterata were found in H. pinifolia seagrass beds. These two seagrass species cover large areas in the north-eastern and eastern parts of Kung Krabaen Bay. They play an important role in providing habitat for a variety of commercially and recreationally valued marine species, including marine crabs. Raungprataungsuk (2009) and Kunsook et al. (2014b) assessed the population of P. pelagicus in this bay. They found that 70% of crabs in this area are in the juvenile stage. Moreover, Tianpru & Samakphan (2014) investigated the species diversity of marine animals in the bay and found a total of 36 species. Importantly, they found many animals in the juvenile stage, including arthropods (95%), chordates (4%) and molluscs (1%), in both seagrass beds.


The highest abundances of S. tranquebarica and C. anisodon were found in reforested mangroves, similar to the report by Le Vay et al. (2007), who found the highest abundance of Scylla sp. in natural and reforested mangroves. The life cycle of Scylla sp. is similar to that of P. pelagicus. Mature female crabs will migrate to deeper areas to spawn (Pittman & McAlpine 2003). However, in general, this species inhabits mangrove forests by burrowing holes into the substrate. In the case of C. anisodon, this species was also found in reforested mangroves during this study. However, if S. tranquebarica is present, C. anisodon will not appear. This might be because the crabs will avoid competition for resources.

As presented above, each habitat plays an important role for different marine crabs. Therefore, conservation and management practices should take into account the spatial heterogeneity of the habitats in the bay, especially regarding the nursery grounds of marine crabs.

Seasonal abundance

The seasonal abundances of some marine crabs were found to be similar to those of other marine crabs in other areas. C. virescens dominated in the wet season, which was similar to the results of a study by Wait & Schoeman (2012), where they found that the abundance of this species was greatest in mid-July in Africa. Furthermore, our research found that brachyuran crabs, such as C. affinis and C. anisodon, were highest in abundance in the dry season. This result was similar to the findings of Chu (1999), showing that the greatest abundance of C. affinis ranged from March to April. Generally, portunid crabs can spawn year-round, so we can find all of them in each month, although their breeding season consists of two peaks. Despite their yearlong spawning habits, they have the highest abundance in the dry season (Chande & Mgaya 2003; Sara et al. 2006; Kunsook et al. 2014b).

Physical factors and abundance of marine crabs

Our results showed that temperature, transparency depth, depth, and salinity influenced the abundance and distribution of some species of marine crabs. C. infraspinatus and C. helleri were positively correlated with temperature; therefore, they tended to stay in areas with high temperatures (30–35°C) (Tiansongrassamee 2004). Some brachyuran crabs were found to be correlated with transparency depth and depth, i.e., T. crenata, Scylla sp., M. vietnamensis, C. helleri and P. sanguinolentus. These crab species usually inhabited intertidal areas, especially rocky shores and seagrass beds (Cannicci et al. 1996; Manmai et al. 2013). The transparency depth and depth that were suitable for these crabs ranged from 1–7 m. T. crenata, Scylla tranquebarica and P. sanguinolentus were usually found in shallower water with a depth of 1–2 m, whilst M. vietnamensis was usually found in deeper water at a depth of 3–4 m (Cannicci et al. 1996; Panishaphon et al. 2011). Only one species, A. integerrimus, showed a correlation with salinity. This species was usually found in low-salinity areas in the range of 28–30 ppt. In Kung Krabaen Bay, salinity is affected by fresh water inputs from small rivers around the bay, especially during the monsoon season, which lasts from May to October. Salinity not only influences distribution but also larval development by affecting the temperature (Kangas 2000; Pittman & McAlpine 2003; Kunsook 2011). Despite these results, the numbers of some species in this study, such as those of P. pelagicus, C. affinis, C. anisodon and C. feriatus, were found not to be correlated with physical factors. This was in contrast with a previous study (Kunsook et al. 2014b) showing that P. pelagicus is correlated with temperature and salinity. This difference might be related to seasonal variation and the local availability of marine crabs in each year (Potter et al. 1991).

Biodiversity Loss Problem

Our results clearly show that collapsible crab trap fisheries have negative effects on marine crab diversity in Kung Krabaen Bay, such as degradation and loss. In the case of anomuran crabs, this species is a major part of the bycatch of the collapsible crab trap fishery, as approximately 2,200 individual crabs were shown to be harvested per year (collected from 100 traps in this study out of approximately 4,000 traps used in the bay). They were usually discarded and would subsequently die in areas near housing after the selection process by fishermen of the target species, P. pelagicus. Over the long term, this human activity might create some negative effects on the Kung Krabaen Bay ecosystem because anomuran crabs play an important role. They are the main carnivores, scavengers and food for P. pelagicus in the food web (Chande & Mgaya 2004). Therefore, a reduction in these crabs will also affect the production of P. pelagicus and the structure and functions of the entire ecosystem. Moreover, these two species are distributed throughout the Indo-Pacific region (Siddiqui & Kazmi 2003), and overharvesting them in small areas may in turn affect the larger ecosystem.

In the case of brachyuran crabs, many species were harvested as bycatch, with an approximate number of 2,400 individuals harvested per year (from 100 traps). Some species, including C. helleri, A. integerrimus, and M. vietnamensis, were discarded, but other species, such as T. crenata and C. affinis, were kept for family consumption or for processing and sale at the market. In the past, only P. pelagicus and Scylla sp. were target species because they could be sold in the market at a high price and were commonly consumed in households. Currently, because of the reasons mentioned earlier in this paper, other brachyuran species have become new target species, especially T. crenata, C. affinis, and C. anisodon. This is supported by our results showing that the proportion of the harvested individuals of the target species, P. pelagicus and S. tranquebarica, and those of other brachyuran species was around two-thirds. As brachyuran crabs play an important role in estuary and marine ecosystems, similar to anomuran crabs, the changes in some brachyuran crab species from being non-target species to a new target species will lead to biodiversity loss issues in the near future.


Suggestions and Future Research

To avoid such problems, policy makers, researchers and local fishermen have to work together to improve the understanding of the importance of these marine crabs. Moreover, they have to collectively establish conservation and management strategies such as planting seagrass species to enlarge shelter areas and habitats for marine crabs, limiting the mesh size of collapsible crab traps to give a chance for juvenile crabs to grow to maturity before being targeted by fishing, and releasing non-target species back into the bay as soon as possible after harvesting the target species. In terms of research, studies on the reproductive biology (e.g., fecundity, first size at maturity and gonadosomatic index, etc.) and ecology (e.g., feeding and population dynamics) of marine crabs should be conducted, primarily on the dominant and tentatively new target species (e.g., T. crenata, C. affinis, and C. anisodon). This knowledge would be useful for the further establishment of suitable plans to sustain marine crab populations by, for example, limiting the size and number of crabs harvested, closing the bay in the spawning season, and limiting the mesh size of collapsible crab traps.

CONCLUSION

Research on the species diversity and abundance of marine crabs was carried out in Kung Krabaen Bay. In an area of 760 ha, there were found to be seven families, 11 genera and 17 species of marine crab (two anomuran and 15 brachyuran crabs). A total of 4,694 individual crabs were harvested by collapsible crab traps, with 48% being anomuran and 52% being brachyuran species. The dominant anomuran species was C. virescens, whilst the dominant brachyurans were T. crenata, P. pelagicus, C. affinis, Scylla tranquebarica, and C. anisodon. These crabs inhabited different habitat types, with C. virescens, M. victor, and V. litterata being commonly found in H. pinifolia seagrass beds; T. crenata, A. integerrimus, and H. diacanthus being commonly found in E. acoroides seagrass beds; and S. tranquebarica and C. anisodon being commonly found in reforested mangroves. Therefore, protecting and enlarging seagrass beds and mangrove forests is important for species diversity conservation.

Overall, our results revealed that other marine crabs that became target species for fishing in this area accounted for 30% of the catches, while the target species (P. pelagicus and S. tranquebarica.) accounted for 21%. Moreover, 49% of the crabs were discarded. This continued situation will lead to biodiversity loss issues in this area. Therefore, biological study and an improved understanding by local fishermen regarding the importance of marine crabs in the ecosystem are necessary. Finally, we plan to create a simple gaming and simulation tool in the form of a board game and participatory field workshops to facilitate knowledge based on our findings and to explore feasible management strategies with a group of collapsible crab trap fishermen and local authorities, focusing on biodiversity degradation issues in this area.
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Abstrak: Satu bakteria penurun molibdenum dengan keupayaan baru untuk menyahwarna pewarna azo Kuning Metanil dilaporkan. Kondisi optimum untuk penurunan molibdenum adalah pada pH 6.3 dan pada suhu 34°C. Glukosa adalah penderma elektron yang terbaik. Keperluan-keperluan lain termasuklah kepekatan fosfat yang sempit di antara 2.5 dan 7.5 mM. Profil masa pengeluaran Mo-biru menunjukkan tempoh sela masa kira-kira 12 jam, jumlah maksimum Mo-biru dihasilkan pada kepekatan molibdat 20 mM dan pengeluaran maksimum pada masa 52 jam inkubasi. Logam-logam berat seperti merkuri, perak, tembaga dan kromium merencat penurunan sebanyak 91.9, 82.7, 45.5 dan 17.4%, masing-masing. Penyahwarnaan pewarna Kuning Metanil pada kepekatan 100 dan 150 mg/L berlaku pada hari ketiga dan hari enam inkubasi, masing-masing. Kepekatan yang lebih tinggi menghasilkan degradasi separa, dengan penyahwarnaan warna sebanyak 20% berlaku pada kepekatan 400 mg/L. Bakteria ini dikenal pasti secara separa berdasarkan analisis biokimia sebagai Bacillus sp. strain Neni-10. Spektrum penyerapan Mo-biru mencadangkan bahawa kompaun terhasil adalah fosfomolibdat terturun. Pengasingan bakteria ini, yang menunjukkan penurunan logam berat dan keupayaan penyahwarnaan pewarna, adalah diperlukan, terutamanya untuk bioremediasi.

Kata kunci: Penurun Molibdenum, Molibdenum Biru, Bacillus sp., Pewarna Azo, Kuning Metanil

Abstract: A molybdenum reducing bacterium with the novel ability to decolorise the azo dye Metanil Yellow is reported. Optimal conditions for molybdenum reduction were pH 6.3 and at 34°C. Glucose was the best electron donor. Another requirement includes a narrow phosphate concentration between 2.5 and 7.5 mM. A time profile of Mo-blue production shows a lag period of approximately 12 hours, a maximum amount of Mo-blue produced at a molybdate concentration of 20 mM, and a peak production at 52 h of incubation. The heavy metals mercury, silver, copper and chromium inhibited reduction by 91.9, 82.7, 45.5 and 17.4%, respectively. A complete decolourisation of the dye Metanil Yellow at 100 and 150 mg/L occurred at day three and day six of incubations, respectively. Higher concentrations show partial degradation, with an approximately 20% decolourisation observed at 400 mg/L. The bacterium is partially identified based on biochemical analysis as Bacillus sp. strain Neni-10. The absorption spectrum of the Mo-blue suggested the compound is a reduced phosphomolybdate. The isolation of this bacterium, which shows heavy metal reduction and dye-decolorising ability, is sought after, particularly for bioremediation.

Keywords: Molybdenum-reducing, Molybdenum Blue, Bacillus sp., Azo Dye, Metanil Yellow

INTRODUCTION

Molybdenum has a variety of uses in many industries, including alloys, lubricants, pigments and electronics. These industries are a major contributor to the molybdenum pollution. For example, incandescent light bulb producers in China have polluted surrounding soils with molybdenum levels reaching 252 mg/kg (Geng et al. 2014). When compared to the industrial contribution to molybdenum pollution, mining activities present a far greater hazard. For example, waste tailings from a uranium-molybdenum mine produced an exceptionally high concentration of molybdenum, reaching a concentration of 6,550 mg/kg in soil (Stone & Stetler 2008). In Batu Hijau, Sumbawa, Indonesia, the copper-goldmolybdenum porphyry deposit has resulted in reduced fish populations and water pollution in the ocean (Angel et al. 2013). Earlier research of the toxicity of molybdenum demonstrated that ruminants are the most sensitive to molybdenum. Exposure to molybdenum at levels of between 5 to 10 ppm causes hypocuprosis or copper shortage (Kessler et al. 2012). More recent findings have indicated that molybdenum is toxic to spermatogenesis. For example, a testicular organ culture of Japanese eels exposed to heavy metals, including molybdenum, at concentrations between 0.1 to 10 mg/L shows a synergistic interaction amongst these metal ions in inhibiting spermatogenesis (Yamaguchi et al. 2007). Furthermore, adult male Wistar rats exposed to ammonium molybdate exhibited abnormalities in the testes, which is supported by histopathological and histomorphometric analyses (Pandey & Jain 2015).

Molybdenum reduction into molybdenum disulfide, an insoluble compound (Tucker et al. 1997), and reduction to molybdenum blue, a colloidal blue precipitable compound (Ghani et al. 1993), has been proposed as feasible methods for molybdenum bioremediation. The first process is catalysed by bacterial genera, such as Desulfovibrio and Desulfotomaculum, which required complete anaerobicity. On the other hand, the second process is catalysed by numerous heterotrophic bacteria from various genera (Shukor et al. 2007; Shukor et al. 2008a; Rahman et al. 2009; Shukor et al. 2009a; Yunus et al. 2009; Shukor et al. 2009b; Shukor et al. 2010a; Shukor et al. 2010b; Lim et al. 2012; Ahmad et al. 2013a; Halmi et al. 2013; Ibrahim et al. 2015; Masdor et al. 2015; Nuraini et al. 2015). The second process is a more feasible tool as the conversion occurs under facultative anaerobic conditions, and no toxic gas is produced (Ghani et al. 1993).


In Indonesia, aside from heavy metals, the organic pollutant azo dyes are often present as co-pollutants in water and soils and in wastewater treatment plants (Meitiniarti et al. 2007). Basic and diazo direct dyes are being produced on the order of nearly one million tons yearly. Unfortunately, they have the highest rates of toxicity (LD50 or median lethal dose), as reported by The Ecological and Toxicological Association of the Dyestuff Manufacturing Industry (ETAD) (Shore, 1996). Being brightly coloured and water soluble, these reactive and acidic dyes tend to pass through conventional water treatment systems unscathed (Lazim et al. 2015). Due to this, it is well known that the textile finishing industries are one of the largest contributors to water pollution, as 10–15% of dyes are lost in the effluent during the dyeing processes. In addition, the high chemical oxygen demand (COD), biological oxidation demand (BOD), colour, pH and the presence of toxic metal ions make effluent dyes a significant threat to ecology (Johari et al. 2014). Toxicology research shows that the administration of Metanil Yellow (Figure 1) to animals through various routes, such as oral, intraperitoneal and intratesticular, resulted in testicular lesions, probably due to damage to the seminiferous tubules. The end result is a decreased rate of spermatogenesis (Anjaneya et al. 2011). Oral consumption in humans causes cyanosis and toxic methaemoglobinaemia. Skin contact with the dye results in allergic dermatitis. It has been shown that Metanil Yellow also has tumour-producing properties in the human body (Anjaneya et al. 2011).


[image: art]

Figure 1: The structure of Metanil Yellow (Anjaneya et al. 2011).



Polluted sites often contain a mixture of heavy metals and toxic xenobiotics. The search for multiple detoxification microorganisms is on the rise globally (Ahmad et al. 2013b; Agrawal et al. 2014; Ahmad et al. 2014; Muhamad et al. 2015). Examples include the heavy metal chromate reduction coupled to azo dye decolourization (Chaudhari et al. 2013) and the isolation of Mo-reducing bacteria showing sodium dodecyl sulfate (SDS)-degrading (Halmi et al. 2013; Masdor et al. 2015), phenol-degrading (Ibrahim et al. 2015) and glyphosate-degrading (Sabullah et al. 2016) properties.

A novel molybdenum-reducing bacterium that has the capacity to decolorize the azo dye Metanil Yellow is reported here. This is the first report of the isolation of a dye decolorising Mo-reducing bacterium and will be beneficial in the bioremediation of sites contaminated with these pollutants.


MATERIALS AND METHODS

Soil Sampling

A clay-type soil from an industrial site producing textiles (0°56’47.8“S 100°22’09.1“E) was chosen as the sampling site. The location of sampling was in Padang, West Sumatera, Indonesia. A sterile spatula was utilised to take soil samples (ten grams) and placed in a sterile polycarbonate container. A soil sample was taken in January 2009.

Isolation, Growth and Maintenance of Bacterium

Preparation of a soil bacterial suspension was carried out by adding one gram of soil to 10 mL of deionised water. An aliquot of the soil suspension (0.1 mL) was then spread onto an agar of the following media (pH 6.5) and incubated at room temperature. The composition (w/v) of the media is as follows: yeast extract (0.5%), MgSO4•7H2O (0.05%), Na2MoO4•2H2O (0.242% or 10 mM), glucose (1%), (NH4)2•SO4 (0.3%), NaCl (0.5%), agar (1.5%), and Na2HPO4 (0.071% or 5 mM) (Masdor et al. 2015). After 48 hours of incubation, several white and five blue colonies appeared. All five isolates were then re-streaked on the Low Phosphate Medium (LPM) agar several times to obtain a pure culture.

Quantification of Mo-blue Production and Scanning Absorption Spectrum

Mo-blue production from these bacteria was monitored in liquid culture to obtain the best isolate. Mo-blue production from these bacteria was quantified in 100 mL of liquid culture (LPM) to select the best isolate. Mo-blue production was determined at 865 nm utilizing the extinction coefficient of 16.3 mM-1cm-1 (Shukor et al. 2007). Characterisation of the molybdenum blue produced was carried out by scanning the absorption spectrum of the blue supernatant from the liquid culture from 400 to 900 nm (UV-spectrophotometer, Shimadzu 1201, Shimadzu Corporation, Kyoto, Japan), with low phosphate media minus bacterium as the baseline correction. Culture supernatant from a 48 h incubation was centrifuged at 10,000 x g for 10 minutes at room temperature (Shukor et al. 2003).

Partial Identification of Mo-reducing Bacterium

The bacterium was identified via biochemical and phenotypical methods (Masdor et al. 2015) in accordance to Bergey’s Manual of Determinative Bacteriology (Holt et al. 1994) with the analysis computed into the Advanced Bacterial Identification Software (ABIS) online system (Costin & Ionut 2015).

Preparation of Resting Bacteria

The characterization of molybdenum reduction by this bacterium, including carbon sources, effect of heavy metals, concentrations of phosphate, molybdate, pH and temperature, utilized resting cells in a microtiter plate as before with slight modifications (Shukor & Shukor 2014). Briefly, bacterial cells were grown aerobically with shaking at 120 rpm [orbital shaker (Yihder Technology Co. Ltd., Taipei, Taiwan)] in a volume of 1 L and distributed in several 250 mL shake flasks. Incubation was carried out at room temperature. The media utilised is a modified low phosphate media (HPM or high phosphate medium) with the phosphate concentration increased to 100 mM to prevent the formation of Mo-blue because the low phosphate media leads to cell harvesting complications. Cells were centrifuged at 15,000 x g at 4°C for 10 minutes. The bacterial pellets were then rinsed twice with deionised water. The pellets were then resuspended in 20 mL of LPM with glucose omitted. Appropriate alterations to the LPM were performed as a way to meet the needs of the modification of the carbon sources, phosphate, molybdate and pH conditions during the characterisation studies. Approximately 180 µL of the appropriately modified LPM was sterilely transferred into the wells of a sterile microplate. This was followed by the addition of 20 µL of sterile glucose or other carbon sources from a stock solution to make a final concentration of 1.0 % (w/v). The total volume of the culture media in each well of the microplate was 200 µL. The microplates were then sealed (Corning® microplate, Corning Inc., Corning, NY, USA) and incubated at room temperature. Readings at 750 nm were periodically taken using a BioRad Microtiter Plate reader (Model No. 680, BioRad, Richmond, CA, USA). This wavelength is the maximum filter available for the microplate unit (Shukor & Shukor 2014). Quantification of the Mo-blue produced was carried out utilising the extinction coefficient of 11.69 mM-1cm-1 at 750 nm. The effect of several heavy metals was studied utilising Atomic Absorption Spectrometry calibration standard solutions from MERCK (Merck KGaA, Darmstadt, Germany).

Screening for Bacterial Dye Decolorisation

As the soil was sampled near a textile-producing company, the Mo-reducing bacterial isolates were also screened for their ability to decolorise dyes. Simultaneous Mo-reduction and dye decolourisation was not studied as the overlapped spectra would prevent the quantification of the decolourisation activity. The ability of the bacterium to decolourise dyes (final concentration of 100 mg/L) was carried out using the microplate format above. Dyes (Sigma-Aldrich (St. Louis, U.S.A.) with maximum wavelength in parentheses were as follows: Cresol Red (Colour Index [C.I.]. 1733-12-6) (570 nm), Crocein Orange G (C.I. 15970) (482 nm), Congo Red (C.I. 22120) (498 nm), Evans Blue (C.I. 23860) (594 nm), Fuchsin Basic (C.I. 42510) (625 nm), Crystal Violet (C.I. 42555) (590 nm), Fast Green FCF (C.I. 42053) (620 nm), Methyl Orange (C.I. 13025) (505 nm), Methyl Red (C.I. 13020) (493 nm), Metanil Yellow (C.I. 13065) (414 nm), Methyl Green (C.I. 42590) (635 nm), Orange G (C.I. 16230) (476 nm), Orange II sodium salt (C.I. 15510) (483 nm), Methylene Blue (C.I. 52015) (590 nm), Naphthol Blue Black (C.I. 20470) (618 nm), Nigrosin (C.I. 50415) (570 nm), Remazol Black B (C.I. 20505) (597 nm), Rhodamine B (C.I. 45170) (554 nm), Ponceau 2R (C.I. 16150) (388 nm), Sudan Black B (C.I. 26150) (600 nm), Tartrazine (C.I. 19140) (427 nm), Toluidine Blue (C.I. 52040) (626 nm), Ponceau S (C.I. 27195) (352 nm), Safranin O (C.I. 50240) (530 nm), Direct Blue 71 (C.I. 34140) (586 nm), and Trypan Blue (C.I. 23850) (607 nm).

The ingredients of the growth media (% w/v) were modified from the LPM above to cater for dye-decolorization requirement, which include sodium lactate and sodium nitrate (Jain et al. 2012; Ng et al. 2014), and were as follows: glucose (1%), sodium lactate (1%), (NH4)2.SO4 (0.3%), NaNO3 (0.2%), MgSO4.7H2O (0.05%), yeast extract (0.05%), NaCl (0.5%), and Na2HPO4 (0.705% or 50 mM). The media was adjusted to pH 7.0.

Monitoring of Dye Decolorisation

Some of the dyes change in colour as the pH changes, and the phosphate concentration was increased to 50 mM at pH 7.0 to prevent colour change. Decolourization was monitored utilizing three standard wavelengths, which were 405, 490 and 595 nm, to cover the maximum absorption values for specific dyes (Solís et al. 2012), and these wavelengths were read using a BioRad 680 microplate reader. Additionally, the use of these pre-set wavelengths considers that the maximum absorption spectrum of water soluble dyes were typically shallow, and a difference of ±20 nm from the maximum absorption wavelength does not give dramatic reduction of absorbance values. The difference of the absorbance values from the initial measurements were subtracted from the final measurements after an incubation period of 48 h, and a percentage of decolourisation was calculated.

RESULTS AND DISCUSSION

The bacterial reduction of molybdenum to molybdenum blue was initially reported more than one century ago in 1896 (Capaldi & Proskauer 1896). In the last century, isolation of Mo-reducing bacteria were reported as early as 1939 (Jan 1939). After a long absence, it was reported again in 1985 (Campbell et al. 1985) and in 1993 (Ghani et al. 1993). Ghani et al. (1993) were the first to quickly recognize the potential of molybdenum-reducing bacterium for the bioremediation of molybdenum. The search for newly isolated Mo-reducing bacterium with the ability to detoxify other xenobiotics is indeed valuable.

Identification of Molybdenum Reducing Bacterium

Five Mo-reducing bacterial isolates were quantified for their capacity to produce Mo-blue by monitoring production at 865 nm. Out of the five isolates (Table 1), isolate 5 gave the highest absorbance value and was chosen for further studies.


Table 1: Mo-blue production by bacterial isolates.



	Isolate
	Abs 865 nm (±std. deviation, n=3)



	1
	0.23



	
	1±0.



	
	013



	2
	1.873±0.073



	3
	1.032±0.021



	4
	0.45



	
	2±0.



	
	011



	5
	2.198±0.034




 

The best Mo-reducing bacterium was a Gram-positive, rod-shaped structure as observed under a microscope, and it was motile as determined by the hanging drop method. The results for the various biochemical tests (Table 2) were input into the ABIS online software. The software suggested that the identity of the bacterium was Bacillus circulans, with a similarity score of 92%, and an accuracy score of 84%. The molecular identification method of 16s rRNA gene sequencing is being carried out to identify this species further. At this juncture, the bacterium is tentatively identified as Bacillus sp. strain Neni-10. The optimum pH for reduction of molybdenum was 6.3, and the optimum temperature was 34°C (data not shown). The pH and temperature optima are within the range reported for most of the Mo-reducing bacteria isolated to date, which range from 6.0 to 7.0 and from 25 to 37°C (Shukor et al. 2007; Shukor et al. 2008a; Rahman et al. 2009; Shukor et al. 2009a; Yunus et al. 2009; Shukor et al. 2009b; Shukor et al. 2010a; Shukor et al. 2010b; Lim et al. 2012; Halmi et al. 2013; Ibrahim et al. 2015; Masdor et al. 2015; Sabullah et al. 2016). The only reported psychrotolerant Mo-reducing bacterium was isolated from Antarctic soil and showed an optimum temperature supporting molybdenum reduction between 15 and 20°C (Ahmad et al. 2013a). The effective use of resting cells in analysing molybdenum reduction is undoubtedly an advantage, as all of the Mo-reducing bacteria isolated thus far reduce molybdenum under static or low oxygen tension (Shukor & Syed 2010; Masdor et al. 2015). The utilization of the microtiter plate allows a high throughput characterization of the molybdenum reduction process (Shukor & Shukor 2014). The utilisation of resting cells in the bacterial characterization of xenobiotic degradation and metal reduction in bacteria is observed in studies of selenate reduction by Enterobacter cloacae (Losi & Frankenberger Jr. 1997) and SDS biodegradation by several bacteria (Chaturvedi & Kumar 2011).


Table 2: Biochemical tests for Bacillus sp. strain Neni-10.



	Gram positive staining
	+

	Acid production from:
	



	Motility +
	+

	
	



	Anaerobic growth
	+

	N-Acetyl-D-Glucosamine
	+




	Casein hydrolysis
	d

	L-Arabinose
	+




	Gelatin hydrolysis
	d

	Cellobiose
	+




	Starch hydrolysis
	d

	Fructose
	+




	Tyrosine degradation
	d

	D-Glucose
	+




	Beta-galactosidase (ONPG)
	+

	Glycerol
	+




	Catalase
	+

	Glycogen
	+




	Oxidase
	_

	meso-Inositol
	+




	Urease
	d

	Lactose
	+




	Arginine dehydrolase (ADH)
	d

	Mannitol
	+




	Lysine decarboxylase (LDC)
	_

	D-Mannose
	+




	Ornithine decarboxylase (ODC)
	_

	Maltose
	+




	Indole production
	d

	Melezitose
	+




	Citrate utilization
	_

	Melibiose
	+




	Egg-yolk reaction
	_

	Raffinose
	+




	Nitrates reduction
	d

	Rhamnose
	d




	Voges-Proskauer test (VP)
	_

	Ribose
	d




	
	
	Salicin
	+




	
	
	Sorbitol
	+




	
	
	Sucrose
	+




	
	
	Starch
	+




	
	
	Trehalose
	_




	
	
	D-Xylose
	+





Note: + positive result, − negative result, d indeterminate result

Molybdenum Absorbance Spectrum

The bacterium exhibited a distinctive Mo-blue spectrum having a maximum peak at 865 nm and a shoulder at 700 nm. This particular profile was preserved as the fermentation period increases (Figure 2). The production of molybdenum blue by microorganisms was initially suggested to require an enzymatic reduction from the Mo6+ to Mo5+ accompanied by the inclusion of phosphate ions, creating Mo-blue (Ghani et al. 1993). However, this mechanism is not consistent with molybdate chemistry. The Mo-blue spectra obtained from this work and nearly all of the Mo-reducing bacteria isolated to date (Shukor et al. 2007; Shukor et al. 2008a; Rahman et al. 2009; Shukor et al. 2009a; Yunus et al. 2009; Shukor et al. 2009b; Shukor et al. 2010a; Shukor et al. 2010b; Lim et al. 2012; Ahmad et al. 2013a; Halmi et al. 2013; Ibrahim et al. 2015; Masdor et al. 2015; Sabullah et al. 2016) are very similar to the Mo-blue spectrum determined by the phosphate determination method (PDM), which uses a reduced phosphomolybdate, having a characteristic shoulder between 700 and 720 nm and a peak maximum between 870 and 890 nm (Kazansky & Fedotov 1980; Clesceri et al. 1989). Based on this similarity, we put forward the hypothesis that a phosphomolybdate intermediate is involved in molybdate reduction by bacteria (Shukor et al. 2007). The presence of an intermediate species in molybdate reduction is not unique to Mo-reducing bacteria. In the reduction of another similar heavy metal, chromate, the reduction from Cr6+ to Cr3+ goes through an unstable intermediate species, Cr5+, as observed in the bacteria Pseudomonas ambigua (Suzuki et al. 1992) and Shewanella putrefaciens (Myers et al. 2000), where electron paramagnetic and UV-spectroscopic studies have confirmed the formation of the Cr5+ intermediate substrate. This occurrence is probably the result of the near likeness in the chemistry of molybdate and chromate anions (Lee 1977). Additional support for the formation of a phosphomolybdate intermediate during the bacterial reduction of molybdenum is provided by the observation that the enzymatic reduction of phosphomolybdate to Mo-blue by several enzymes, such as aldehyde and xanthine oxidases (Glenn & Crane 1956), including the Mo-reducing enzyme (Shukor et al. 2014), cannot utilize molybdate as a substrate (Glenn & Crane 1956; Shukor et al. 2008b; Shukor et al. 2014). Even though analyses utilizing nuclear magnetic resonance (NMR) and electron spin resonance (ESR) are needed for the detailed identification of the many lacunary species of phosphomolybdate, the spectroscopic technique is regarded as suitable for distinguishing heteropolymolybdates, such as silicomolybdate, phosphomolybdate, and sulfomolybdate (Sims 1961; Kazansky & Fedotov 1980).


[image: art]

Figure 2: Mo-blue scanning absorption spectrum at different time intervals.




Effect of Various Carbon Sources as Electron Donors for Molybdate Reduction

Among the electron donors tested for aiding molybdenum reduction, glucose was the best electron donor followed by sucrose, lactose, maltose, raffinose, meso-inositol, melibiose, mannitol, d-mannose, melezitose, glycogen, glycerol and trehalose (Figure 3). The optimal concentration for glucose was 1% (w/v). Concentrations of glucose higher than 1% show a steady inhibition (data not shown), where the inhibition is probably caused by an increase in osmolarity (Shukor et al. 2009a). Molybdenum reduction in bacteria generally is best supported by easily assimilable sugars, such as glucose and sucrose. Mo-reducing bacteria Enterobacter cloacae strain 48 (Ghani et al. 1993), Serratia sp. strain Dr.Y5 (Rahman et al. 2009), S. marcescens strain Dr.Y9 (Yunus et al. 2009) and Serratia marcescens strain DRY6 (Shukor et al. 2008a) require sucrose as the ideal carbon source to aid reduction. Other molybdenum reducers, such as Escherichia coli K12 (Campbell et al. 1985), Serratia sp. strain Dr.Y5 (Rahman et al. 2009), Pseudomonas sp. strain DRY2 (Shukor et al. 2010a), Pseudomonas sp. strain DRY1 (Ahmad et al. 2013a), Enterobacter sp. strain Dr.Y13 (Shukor et al. 2009a), Acinetobacter calcoaceticus strain Dr.Y12 (Shukor et al. 2010b), Bacillus pumilus strain lbna (Abo-Shakeer et al. 2013), Bacillus sp. strain A.rzi (Othman et al. 2013), Klebsiella oxytoca strain Aft-7 (Masdor et al. 2015), Pseudomonas aeruginosa strain Amr-11 (Ibrahim et al. 2015) and Klebsiella oxytoca strain Saw-5 (Sabullah et al. 2016) prefer glucose as the carbon source. The only notable exception is Klebsiella oxytoca strain hkeem, which prefers fructose as its carbon source, although both glucose and sucrose are also utilised (Lim et al. 2012). These carbon sources produce the reducing equivalents NADH (or reduced nicotinamide adenine dinucleotide) and NADPH (or reduced nicotinamide adenine dinucleotide phosphate) easily through generic metabolic pathways, and both reducing equivalents are known substrates for Mo-reducing enzymes (Shukor et al. 2008b; Shukor et al. 2014). A less expensive carbon source, for instance, molasses, may be used rather than sucrose and glucose in the foreseeable future, especially for bioremediation studies, considering that molasses can be purchased in large quantities as agricultural waste products of sugar cane in Indonesia (Nuraini et al. 2015). Molasses is utilized as a cheap carbon source in the bacterial reduction of hexavalent chromate (Smith et al. 2002; Sugiyama et al. 2012) and selenate (Zhang et al. 2008). The impact of molasses as an alternative carbon source is presently being studied.
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Figure 3: The effect of various carbon sources as electron donors for molybdenum reduction to molybdenum blue by Bacillus sp. strain Neni-10. The error bars indicate mean ± standard deviation of three replicates.



Mo-Blue Production at Various Phosphate and Molybdate Concentrations

The optimum concentration of phosphate occurred between 5.0 and 7.5 mM, with higher concentrations strongly inhibiting reduction (Figure 4). When the phosphate concentration was fixed at 5 mM, the bacteria required 20 mM sodium molybdate for optimal reduction (Figure 5). A time profile of Mo-blue production shows a lag period of approximately 12 hours. The lag period observed is probably due to the conversion of molybdate to the intermediate phosphomolybdate, which needs to reach a critical value before reduction can take place as discussed previously (Shukor & Syed 2010). The maximum amount of Mo-blue produced was observed at molybdate concentrations of 20 mM and after an incubation period of approximately 52 hours (Figure 6). Mo–blue production from bacteria is generally restricted by high concentrations of phosphate (Campbell et al. 1985; Ghani et al. 1993; Shukor et al. 2007; Shukor et al. 2008a; Rahman et al. 2009; Shukor et al. 2009a; Yunus et al. 2009; Shukor et al. 2009b; Shukor et al. 2010a; Shukor et al. 2010b; Lim et al. 2012; Ahmad et al. 2013a; Halmi et al. 2013; Ibrahim et al. 2015; Masdor et al. 2015; Nuraini et al. 2015). The main mechanism of restriction is by affecting the stability of the phosphomolybdate complex, as it requires acidic conditions for stability (Lee 1977; Shukor et al. 2007). Phosphate at high concentrations, and especially at a neutral pH, greatly affects the formation and stability of phosphomolybdate (Glenn & Crane 1956). Another plausible mechanism is through the phosphate anion destabilizing the complex itself, irrespective of the pH. In a study, a 100 mM phosphate concentration set at pH 5.0 destabilizes Mo-blue formed from an ascorbate-reduced phosphomolybdate, indicating that the mechanism of destabilization also includes the effect of phosphate (Shukor et al. 2002).
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Figure 4: The effect of phosphate concentrations on molybdenum blue production. The error bars indicate mean ± standard deviation of three replicates.
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Figure 5: The effect of sodium molybdate concentrations on molybdenum blue production. The error bars indicate mean ± standard deviation of three replicates.



The range of molybdate required for optimal Mo-blue production by Mo-reducing bacteria is wide and ranges between 5 and 80 mM (Campbell et al. 1985; Ghani et al. 1993; Shukor et al. 2007; Shukor et al. 2008a; Rahman et al. 2009; Shukor et al. 2009a; Yunus et al. 2009; Shukor et al. 2009b; Shukor et al. 2010a; Shukor et al. 2010b; Lim et al. 2012; Ahmad et al. 2013a; Halmi et al. 2013; Ibrahim et al. 2015; Masdor et al. 2015; Nuraini et al. 2015). The tolerance and reduction of molybdenum at high concentrations are advantageous for the bioremediation of the molybdenum, as the highest molybdenum concentration found in the environment is 900 mg/L (approximately 9.4 mM) in water and 6,500 mg/kg in soils (approximately 68 mM) (Stone & Stetler 2008). Most of the Mo-reducing bacteria isolated so far are excellent candidates to detoxify molybdenum in bioremediation sites.
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Figure 6: A time profile of molybdenum blue production at sodium molybdate concentrations of 0 (✻), 5 (×), 10 (+), 15 (□), 20 (■), 25 (◊), 30 (♦), 35 (△), 40 (▲), 50 (○), 60 (●) and 70 mM (✻). The absorbance values measured at 750 nm were converted to Mo-blue concentration measured as nmole Mo-blue. The error bars indicate mean ± standard deviation of three replicates.



Effect of Heavy Metals

Molybdenum reduction was inhibited by 91.9, 82.7, 45.5 and 17.4% by mercury, silver, copper and chromium, respectively, at 2 ppm (Figure 7). Similar heavy metals also inhibit molybdenum reduction in many of the Mo-reducing bacteria isolates to date, with mercury, silver and copper forming the majority of the inhibitory metal ions (Campbell et al. 1985; Ghani et al. 1993; Shukor et al. 2007; Shukor et al. 2008a; Rahman et al. 2009; Shukor et al. 2009a; Yunus et al. 2009; Shukor et al. 2009b; Shukor et al. 2010a; Shukor et al. 2010b; Lim et al. 2012; Ahmad et al. 2013a; Halmi et al. 2013; Ibrahim et al. 2015; Masdor et al. 2015; Nuraini et al. 2015). Copper and mercury also inhibit chromate reduction in Bacillus sp. (Elangovan et al. 2006) and Enterobacter cloacae strain H01 (Rege et al. 1997). The target site of inhibition by these two heavy metals is suggested to be the sulfhydryl group (Rege et al. 1997; Elangovan et al. 2006) and is probably similar to the Mo-reducing enzyme, as the sulfhydryl group is known to be inhibited by these metals ions (Shukor et al. 2006). Since most of the toxic heavy metals above are cations, the addition of cationic metal-sequestering compounds, such as manganese oxide, phosphate, calcium carbonate, and magnesium hydroxide, have already been used to remediate cationic heavy metals toxicity (Hettiarachchi et al. 2000). Another alternative is to immobilize the Mo-reducing bacterium in dialysis tubing to reduce the inhibitory effects of toxic cations (Halmi et al. 2014; Shukor & Shukor 2015).
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Figure 7: The effect of heavy metals on Mo-blue production by Bacillus sp. strain Neni-10. The error bars indicate mean ± standard deviation of three replicates.



Azo Dye-Decolorising Ability of the Molybdenum-Reducing Bacterium

Screening for decolorising ability by various dyes has shown that the best Mo-reducing bacteria, which was identified as Bacillus sp. strain Neni-10, can efficiently decolorise the azo dye Metanil Yellow. Other Mo-reducing bacterial isolates were not able to decolorise any of the other dyes tested. Other azo dyes, such as Methylene Blue, Crocein Orange G and Direct Blue 71, are poorly decolorised by the bacterium, whereas other azo dyes, such as Congo red, Orange II, Evans Blue, Ponceau S, Remazol Black B or 5, Methyl Orange, Tartrazine, Methyl Red, Naphthol Blue Black and others, failed to be decolorised when compared to the control (Figure 8). Azo dyes are strongly resistant to biodegradation under normal conditions, but the azo bond (–N=N–) is vulnerable to reductive cleavage (Syed et al. 2009). Bacterial species that have been reported to degrade this dye are Pseudomonas sp., Alteromonas sp., Enterococcus sp., Serratia sp. and Enterobacter sp. (Kamble & More 2013), Vibrio harveyi (Ozdemir et al. 2008), Bacillus sp. strain AK1 and Lysinibacillus sp. (Anjaneya et al. 2011), Oenococcus oeni (El Ahwany 2008) and an unknown bacterial species (Johari 2014).
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Figure 8: Decolourisation of various dyes by Bacillus sp. strain Neni-10. The error bars indicate mean ± standard deviation of three replicates.



The bacterium was then tested with various concentrations of dye, utilising the microplate format as before. The results show that the complete decolourisation of the dye at 100 and 150 mg/L occurred at day three and day six of incubation, respectively, whereas higher concentrations show partial degradation, with a 20% decolourisation observed at the highest dye concentration tested, 400 mg/L (Figure 9). A similar work carried out in the bacteria Bacillus sp. strain AK1 and Lysinibacillus sp., utilizing this dye under static conditions, indicated a better decolourization capability with complete decolourization at 1000 mg/L after 78 and 84 hours of incubation with Bacillus sp. strain AK1 and Lysinibacillus sp., respectively (Anjaneya et al. 2011). The researchers suggested that the inhibition of decolourisation at high concentrations is probably due to the inhibitory effect of the dye to the decolorising activity. A proposed route of Metanil Yellow degradation by these bacteria is suggested through the action of azoreductase producing the metabolites metanillic acid and p-aminodiphenylamine based on High-Performance Liquid Chromatography (HPLC) and Gas Chromatography/Mass Spectrometry (GC/MS) analysis (Anjaneya et al. 2011).
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Figure 9: Decolourisation of various concentrations of Metanil Yellow at 100 (□), 150 (▲), 200 (△), 250 (♦), 300 (◊), 350 (●) and 400 (○) mg/L by Bacillus sp. strain Neni-10. The error bars indicate mean ± standard deviation of three replicates.



CONCLUSION

The screening of soil samples yielded five molybdenum-reducing isolates. The best isolate shows the novel ability to decolorise the azo dye Metanil Yellow, whereas other azo dyes poorly decolorise. Characterisation was carried out in a microtiter or microplate format using a preparation of resting cells. This is the first report of a molybdenum reducing bacterium with the ability to decolorise dye. Glucose was the best electron donor, whereas the most important requirement is phosphate, where a narrow concentration of between 2.5 and 7.5 mM was optimal. The absorption spectrum of the Mo-blue suggested the compound is a reduced phosphomolybdate. Molybdenum reduction was inhibited by heavy metals. The isolation of this bacterium, which displays heavy metal reduction and dye-decolorising ability, is sought after, particularly for bioremediation. Currently, work is being carried out to characterise dye decolourisation in greater detail, specifically to identify the bacterium via molecular techniques and purify the enzyme response for reducing molybdenum.
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Abstrak: Analisis proximat dua belas jenis buah-buahan yang biasa dimakan oleh kera ekor panjang seperti Arenga pinnata, Areca catechu, Terminalia catappa, Elaies guineensis, Lagerstroemia tomentosa, Mangifera indica, Cascabela thevetia, Muntingia calabura, Musa spp., Artocarpus heterophyllus, Ficus tinctonia ssp. gibbosa dan Ficus microcarpa telah dijalankan dengan objektif khusus untuk menentukan kandungan nutrien makanan kera ekor panjang. Hasil kajian menunjukkan susunan nutrien yang berikut; serat, protein, lemak dan abu. Berdasarkan keputusan daripada analisis kimia, peratusan tertinggi kandungan serat (52.7%), protein (9.9%), lemak (77.2%) dan abu (8.5%) terdapat dalam A. catechu, T. catappa, E. guineensis dan C. thevetia. Kandungan nutrient daripada dua belas jenis buah-buahan ini didapati berbeza antara satu sama lain (Analisis ANOVA: serat, F (11, 24) = 87.978, p < 0.05; fiber, F (11,24) = 28.886, p < 0.05; lemak, F (11,24) = 2081.396, p < 0.05 and abu, F (11,24) = 41.011, p < 0.05). Kandungan serat adalah yang paling tinggi di antara keempat-empat jenis nutrien yang dikaji. Maka, A. catechu mempunyai kandungan serat tertinggi di antara buah-buahan yang diuji, E. guineensis mempunyai kandungan lemak tertinggi, T. catappa mempunyai kandungan protein tertinggi dan kandungan mineral yang paling tinggi terdapat dalam C. thevetia.

Kata kunci: Analisis proximat, Kera Ekor Panjang, Nutrisi, Buah-buahan

Abstract: Proximate analysis of twelve species of fruits commonly consumed by long-tailed macaques (Macaca fascicularis), i.e., Arenga pinnata, Areca catechu, Terminalia catappa, Elaeis guineensis, Lagerstroemia tomentosa, Mangifera indica, Cascabela thevetia, Muntingia calabura, Musa sp., Artocarpus heterophyllus, Ficus tinctoria ssp. gibbosa and Ficus microcarpa, was conducted with the specific objective to determine the nutritional composition of the foodstuffs of long-tailed macaques. The results showed the following order of nutrients: fibre, protein, fat and ash. Based on the results of the chemical analysis, the highest percentage of fibre content (52.7%), protein (9.9%), fat (77.2%) and ash (8.5%) were found in A. catechu, T. catappa, E. guineensis and C. thevetia, respectively. The nutrient composition of these twelve fruit species was found to differ (ANOVA test: crude protein, F (11,24) = 87.978, p < 0.05; crude fibre, F (11,24) = 28.886, p < 0.05; crude fat, F (11,24) = 2081.396, p < 0.05 and ash, F (11,24) = 41.011, p < 0.05). Fibre was found in the highest amount among the four types of nutrients studied. Here, A. catechu had the highest relative fibre content of all tested fruits, E. guineensis had the highest fat content, T. catappa had the highest protein content, and the total mineral content was highest in C. thevetia.


Keywords: Proximate Analysis, Long-Tailed Macaque, Nutrition, Fruits

INTRODUCTION

Long-tailed macaques (Macaca fascicularis) are primates from the Cercopithecidae family, weighing between 3 to 5 kilograms (Lucas, 1995). Macaca fascicularis is categorized as a least concern species by the International Union for Conservation of Nature (IUCN) Red List due to its wide distribution, presumed large population, broad range of habitats and occurrence in a number of protected areas (Ong & Richardson 2008). This species is widely distributed in Southeast Asia, including Thailand, Indonesia, Singapore, Brunei, Malaysia, the Philippines, Vietnam and Laos (Brandon-Jones et al. 2004). In Peninsular Malaysia, M. fascicularis can be found nearly everywhere but is predominantly found in tourist areas, such as Bukit Malawati Kuala Selangor, Penang Botanical Gardens, Templer Park Kuala Lumpur and Kuala Selangor Nature Park (Hambali et al. 2014). This species lives in various habitats, such as lowland forests, secondary forests, shrublands, riverine areas, and coastal mangrove forests (Rowe 1996; Supriatna et al. 1996).

Long-tailed macaques are frugivorous, and on Borneo in Kalimantan, 66.7% of their diet consists of ripe, fleshy fruits, while macaques on Sumatra devote an even higher percentage of their diets to fruit (82%) (Yeager 1996; Wich et al. 2002). During times of the year when fruit is unavailable, such as the dry season into the early rainy season, long-tailed macaques focus on other food sources including insects, stems, young and mature leaves, flowers, seeds, grass, mushrooms, invertebrates, bird eggs, clay and bark (Wheatley, 1980; Yeager 1996; Son 2003). When they forage in mangroves, long-tailed macaques spend time consuming crabs and have also been seen eating frogs, shrimp and octopuses (Sussman & Tattersall 1986; Son 2003). Their food sources may vary across seasons and altitudes, and the feeding ecology of long-tailed macaques has been reported mostly for lowland areas (Ungar 1996; Nila et al. 2014). In addition, long-tailed macaques have an established hierarchy in their group in which higher-ranking individuals gain prior access to preferred food items. Aggressive interactions between group members are greatest while feeding on fruit, indicating strong competition for this valuable food resource (van Schaik & van Noordwijk 1988). When foraging, long-tailed macaques will travel in circular routes, and their routes will be modified depending on feeding locations, resting sites, water sources and protective vegetation cover (Sussman & Tattersall 1981). Long-tailed macaques use a variety of feeding strategies including picking fruits by hand or plucking them with their teeth, turning over rocks, snatching insects from the air and storing food in their cheek pouches (Sussman & Tattersall, 1981; Lucas & Corlett 1998).

Most plant fibre is found in the soluble form, which binds with cholesterol and is then eliminated in the stool (Edelstein 2014). Soluble fibres have benefits for serum lipids, while insoluble fibres are linked to laxation benefits (Slavin 2013). Fats serve as fuel for energy production and are essential body nutrients (Nix 2009). Fat also supplies important tissue requirements as a structural material for cell membranes, protective padding for vital organs and insulation to maintain body temperature (Nix 2009). Proteins aid in the motion and locomotion of cells (Nix 2009). The seeds of many plants store nutrient protein required for the growth of the embryonic plant and function in storing amino acids as nutrients (Chopra & Panesar 2010). Plant proteins can be obtained from cereals, oil seeds and leaves. Minerals are elements that are widely distributed in foods and are a diverse group of nutrients that have many essential functions (Nix 2009; Robbins 1993). Minerals are used in building tissue for activating, regulating, and controlling metabolic processes and for transmitting neurological messages (Nix, 2009). The amount of minerals required by different individuals varies with age, sex, species, season and reproductive condition (Robbins 1993). Minerals are essential nutrients that play important roles in the metabolic processes of the body, and the absence of minerals can cause deficiency symptoms in animals (Gafar & Itodo 2011).

The nutritional needs of long-tailed macaques are key in determining their species ecology (Moges & Balakrishnan 2014). The nutritional components of the macaque diet are important in understanding their behaviour and foraging strategies (Moges & Balakrishnan 2014). In addition, these animals must obtain adequate food to survive and breed successfully (Wiafe 2015). The main objective of this study was to determine the nutritional composition of the preferred fruits consumed by long-tailed macaques at a site in Peninsular Malaysia.

MATERIALS AND METHODS

Study Area

This study was conducted in Kuala Selangor Nature Park (KSNP) and at the entrance of KSNP and the surrounding area, including residential areas and small town areas. These study areas were located near Bukit Malawati, Kuala Selangor (Figure 1).

Kuala Selangor Nature Park was established in 1987 by the Malaysian Nature Society and the Selangor State Government (MNS 2014). The size of the park is 732.4 acres, and it shelters a wide variety of habitats, such as secondary forest, mangrove forest, the estuary of the Selangor River, mudflats that open to the Straits of Malacca and a man-made 25-acre brackish water lake system (MNS 2014). The long-tailed macaque is one of the primate species that can be found in the secondary forest of KSNP along with the silvered leaf monkey (Trachypithecus cristatus) (MNS 2014).
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Figure 1: Map of the study area (Image sourced from Google earth, on 25 July 2015).



Methods

The nutrient contents of the fruits of twelve species consumed by M. fascicularis, based on a previous study by Hambali et al. (2014), were analysed. The species were Arenga pinnata, Areca catechu, Terminalia catappa, Elaeis guineensis, Lagerstroemia tomentosa, Mangifera indica, Cascabela thevetia, Muntingia calabura, Musa sp., Artocarpus heterophyllus, Ficus tinctoria ssp. gibbosa and Ficus microcarpa.

Proximate analysis was used to determine the nutritional composition of these fruits. The fruits were partitioned into four parts, which were crude protein, crude fat, crude fibre and ash. The analysis was conducted at the Nutritional Laboratory of Faculty of Veterinary and Health, Universiti Malaysia Kelantan. The crude protein contents were analysed using the Kjeldahl method (Moges & Balakrishnan 2014), the crude fibre was determined by the FibreBag System from C. Gerhardt GmbH & Co. KG (Konigswinter, Germany), the crude fat was analysed by the Soxtec extraction method, and the total mineral content was determined through the percentage of ash (Moges & Balakrishnan 2014). This study used a total of one gram per species and repeated the analyses three times.

The differences between the nutrient values in the selected fruit samples (crude fibre, crude fat, crude protein, and ash) were tested using the analysis of variance (ANOVA) test. All data were checked for normality, and because the sample size was greater than thirty, the data were assumed to be normal according to the central limit theorem. Because the data were normally distributed, the parametric statistical test one-way ANOVA was chosen. The statistical significance was set at P-value <0.05. All data analyses were conducted using the Statistical Package for the Social Science (SPSS Inc, Chicago, IL).

RESULTS AND DISCUSSION

Nutrient Contents in Twelve Fruit Species Consumed by Long-Tailed Macaques

Table 1 provides the details of the means of three replicates for the nutrient contents of A. pinnata, A. catechu, T. catappa, E. guineensis, L. tomentosa, M. indica, C. thevetia, M. calabura, Musa sp., A. heterophyllus, F. microcarpa, and F. tinctoria ssp. gibbosa. There was a significant difference in the amount of crude protein (ANOVA, F (11,24) = 87.978, p < 0.05), crude fibre (ANOVA, F (11,24) = 28.886, p < 0.05), crude fat (ANOVA, F (11,24) = 2081.396, p < 0.05), and ash (ANOVA, F (11,24) = 41.011, p < 0.05) among the twelve fruit species, suggesting that the nutrient contents of these twelve species may be different from one another.

The results of the proximate analysis indicated that the mean relative amount of crude protein was highest in T. catappa (9.86%; SD = 0.2), F. tinctoria ssp. gibbosa (8.27%; SD = 0.25) and F. microcarpa (6.67%; SD = 0.68), while it was lowest in A. catechu (3.29%; SD = 0.2) and E. guineensis (2.5%; SD = 0).

The mean relative amount of crude fibre was highest in A. catechu (52.73%; SD = 3.39) and L. tomentosa (36.34%; SD = 16.05) and lowest in A. heterophyllus (3.62%; SD = 1.29) and Musa sp. (2.79%; SD = 2.83). The relative mean crude fat content was highest in E. guineensis (77.2%; SD = 1.77) and M. calabura (10.47%; SD = 0.49), while Musa sp. (0.36%; SD = 0.21) had the lowest crude fat content. The amount of ash was highest in C. thevetia (8.53%; SD = 0.6) and A. pinnata (7.84%; SD = 0.33), while the was lowest in M. indica (3.05%; SD = 0.59) and E. guineensis (1.7%; SD = 0.1).

Here, A. catechu had the highest relative fibre content of all tested fruits, E. guineensis had the highest fat content, T. catappa had the highest protein content, and the total mineral content was highest in C. thevetia. Each studied nutrient has a few important roles.


Table 1: Nutrient contents in twelve fruits consumed by long-tailed macaques in Kuala Selangor.
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Nutritional Characteristics of the Diet of Long-Tailed Macaques

Many primate species are frugivorous and represent the primary consumers of plants (Wiafe 2015). According to Curtin (2002), the greater proportion of the food consumed by roloway monkeys (Cercopithecus diana roloway), from the Cercopithecidae family, in Bia National Park, Ghana, is composed of fruits, and the pulp of mature fruits was found to be the most important food category for this species. Bourliere et al. (1970) also found that Lowe’s monkeys (Cercopithecus campbelli lowei), from the Cercopithecidae family, in Ivory Coast consumed more fruits compared to flowers, leaves and insects.


Macaques are omnivorous-frugivorous primates, i.e., they eat fruits and also leaves, flowers, shoots, roots, invertebrates, and small animals in variable quantities (Maruhashi 1980; Caldecott 1986; Kurup & Kumar 1993; Krishnamani 1994; O’Brien & Kinnaird 1997; Su & Lee 2001; Rowe & Myers 2011; Schülke et al. 2011). The percentage of fruit in the diet is usually higher than that of other food items and depends on the particular macaque species — from relatively low (10–32% in M. fuscata; Agetsuma & Nakagawa 1998) to very high (85% in M. nigrescens; Rowe & Myers 2011) — and may also show intra-specific variation, depending on the habitat and provisioning (e.g., in M. fuscata: 15% in provisioned troops [Son 2003] and 88% in unprovisioned ones [Wheatley 1980]) and seasonal variation (Hanya et al. 2003). The number of fruit species included in the macaque diet is species-specific but is often higher than that in the diets of other sympatric frugivores (Corlett 1998).

The fruit species eaten are not restricted to the so-called ‘primate fruits’, those with large seeds, orange-brown colour, and a protective rind (Corlett 1998). Macaques eat various fruit types, including dehiscent and indehiscent fruits, protected or not, and of every colour, in contrast to other mammals tending to avoid dehiscent fruits that are preferred by birds (Lucas & Corlett 1998; Kitamura et al. 2002), unprotected fruits preferred by other frugivores (Corlett 1998), and yellow fruits preferred by other mammals (Kitamura et al. 2002).

Frugivores may select their food from a large diversity of fruits that differ in colour, shape, and ease of harvest, which often corresponds with their nutritional content (Leighton 1993). These fruit characteristics must relate to the preference of the primates regarding which species to exploit according to their ability to manipulate and digest the fruits based on their nutritional requirements (McConkey et al. 2002). Most primates select fruits that are yellow in colour with a rind-like skin, sweet juicy pulp and well-protected seeds (Julliot 1996). In this study, in addition to having preferred fruit features such as being sweet, juicy and large in size, the fruit of M. indica also has high fibre content. Thus, this is the reason long-tailed macaques choose M. indica as one of their preferred foods (Hambali et al. 2014).

According to the previous study by Hambali et al. (2014), the five most abundant tree species found in Kuala Selangor are M. indica, F. microcarpa, F. tinctoria ssp. gibbosa, A. catechu, and T. catappa. In this study, the nutrient contents of these five tree species the highest in fibre, as shown in Table 1. In addition, in the study by Hambali et al. (2014), M. fascicularis in Kuala Selangor were found to prefer fig fruits as a staple food, and a study by Riley (2007) also showed that fig fruits are a staple food of Tonkean macaques (Macaca tonkeana) in Lore Lindu National Park, Sulawesi, Indonesia. Figs act as a keystone resource, providing food for many animals such as monkeys, arboreal mammals, squirrels, civets, and birds. The high diversity of fig trees in the rain forest assures food availability by fruiting throughout the year (MacKinnon et al. 1996). In this study, the fig species included F. microcarpa and F. tinctoria ssp. gibbosa, which were higher in fibre content compared to other nutrients.

Most of the fruits consumed by M. fascicularis had low levels of fat content, except for E. guineensis. M. fascicularis chose E. guineensis as one of their preferred foods, which may be due to the nutritional needs of this species in Kuala Selangor. Proteins are essential components of the diet that are necessary for the survival of primates (Pugalenthi et al. 2004).

CONCLUSION AND RECOMMENDATIONS

From the results of the chemical analysis, the highest percentages of fibre (52.7%), protein (9.9%), fat (77.2%) and ash (8.5%) were found in A. catechu, T. catappa, E. guineensis and C. thevetia, respectively. The nutrient composition of these twelve fruit species was found to differ. Fibre was found in the highest amount among the four types of nutrients that were studied. The highest relative fibre content of all tested fruits was found in A. catechu, E. guineensis had the highest fat content, T. catappa had the highest protein content, and the total mineral content was highest in C. thevetia. The number of studies on the nutritional composition of fruits selected by long-tailed macaques is low in Malaysia; therefore, this study is important to record data and add to our knowledge regarding the nutritional composition of foods selected and prioritized by this species. Further laboratory analysis of other nutrient contents of primate foods including carbohydrates, mineral elements and neutral detergent fibre should be conducted. In addition, analyses of other parts of food plants, including leaves, flowers and seeds, should be carried out to further determine the nutrient contents in the diet of the long-tailed macaque.
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Abstract: Variation in morphometric characters in four sand crab (Albunea symmysta) populations from four intertidal areas in Sumatra (Aceh and Bengkulu) and Java (Cilacap and Yogyakarta) were studied. Crabs collected from the four sites were measured to obtain 10 morphometric characters, i.e., carapace length (CL), carapace width (CW), ocular peduncle length and width (LOP and WOP), telson length and width (LT and WT), merus length (ML), carpus length (CaL), propodus length (PL), and dactylus length (DL). Allometric relationships were established among three morphometric characters (CW, PL, and DL) for each site, in which CL was fixed on the abscissa as a reference variable. The analysis of covariance showed that population from Yogyakarta had a greater carapace width and the Aceh population had a longer dactylus length. In terms of propodus length, the Aceh population had a longer dactylus length than the Bengkulu population. Two group populations were detected by cluster analysis with 10 morphometric characters, i.e., the Sumatra population and the Java population.

Keywords: Allometric Relationships, Anomura, Cluster Analysis, Decapoda, Hippoidea

INTRODUCTION

The superfamily Hippoidea is one of the crab-like groups within the infraorder Anomura and is commonly referred to as mole or sand crabs. These hippoids are specialized to live buried in sandy substrates or fine sediment from the intertidal to offshore zones (Boyko, 2002; Osawa et al. 2010; Wardiatno & Mashar 2013). Wardiatno et al. (2015a) reported seven genera of superfamily Hippoidea distributed in Indonesian waters, including Albunea symmysta. This superfamily can be found along the west coast of Sumatra (Aceh, Bengkulu) and the south coast Java (Cilacap, Yogyakarta). Ecologically, sand crabs have an important role as components of the macrofaunal community in tropic and subtropic sandy beaches (Lastra et al. 2002). They also contribute to benthic secondary productivity (Subramoniam & Gunamalai 2003).

Most of the morphometric characters of crustaceans have been used in taxonomical studies to illustrate and describe morphometric usable characters displayed by adult, juvenile or larvae stages of genera or species of various organisms found in certain areas [e.g., for thalassinidean shrimps: Manning and Tamaki (1998), Wardiatno and Tamaki (2001), Dworschak (2003), Marin (2013); for copepods: Suárez-Morales and Fuentes-Reiné (2015a, 2015b); for crabs: Guerao et al. (1998), Komatsu and Takeda (2007); etc.]. For taxonomists, morphometric characters can be useful features to establish phylogenetic relationships among species placed in monotypic genera with clear familial or ordinal placement. In addition, morphometric analysis provides a powerful complement to genetic and environmental stock identification approaches (Cadrin 2000). Wardiatno and Tamaki (2001) studied the morphological characters of two Japanese ghost shrimps, Nihonotrypaea japonica and N. harmandi, to separate the two species by identification. Some researchers have used morphological characters to show sexual dimorphism in decapod crustaceans using their chelipeds (e.g., Shimoda et al. 2005; Claverie & Smith 2010; Trevisan et al. 2012), which was believed to be a consequence of the common male habits of combat, contest, and courtship (e.g., Hartnoll 1974).

Studies of the crustacean biology in Indonesia have been increasing recently, e.g., the occurrence of lobsters as a first record (Wardiatno et al. 2016), the biology of mantis shrimp (Wardiatno & Mashar 2010, 2011; Wardiatno et al. 2012; Wardiatno & Mashar 2013), the biology of blue swimming crabs (Hamid 2011; Hamid & Wardiatno 2015; Hamid et al. 2015a,b; Zairion et al. 2014; Wiyono & Ihsan 2015; Zairion et al. 2015a, b), as well as the biology of mole/sand crabs (Mashar & Wardiatno 2013a,b; Sarong & Wardiatno 2013; Wardiatno et al. 2014; Mashar et al. 2014, 2015; Santoso et al. 2015; Wardiatno et al. 2015a,b; Muzammil et al. 2015). Of the numerous studies on Indonesian mole/sand crabs, there has been no published work as yet on the morphometric variations of albuneid crab populations in Indonesia.

A comparison of the variation in morphometric characters of the same genera or species among several localities would be of interest to aquatic biologists (e.g., Wardiatno & Tamaki 2001; Spivak & Schubart 2003; Samaradivakara et al. 2012; Qonita et al. 2015). Therefore, this study was aimed at assessing the morphological variation in A. symmysta populations from two locations in Sumatra (Aceh and Bengkulu) and from two locations in Java (Cilacap and Yogyakarta).

MATERIALS AND METHODS

Sample Collection

A total of 174 Albunea symmysta individuals (Fig. 1) were collected from four sandy beaches in Sumatra (Aceh and Bengkulu) and Java (Cilacap and Yogyakarta), as shown in Fig. 2. All crabs were immediately fixed in 10% buffered seawater-formalin. The collected crabs were measured for the following 10 morphometric characters: carapace length (CL), carapace width (CW), ocular peduncle length and width (LOP, WOP), telson length and width (LT, WT), merus length (ML), carpus length (CaL), propodus length (PL), and dactylus length (DL). The last four characters were measured on both the left and right sides. Measurements were made to the nearest 0.1 mm using a calliper. Detailed information on the crabs used in this study is presented in Table 1.
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Figure 1: Albunea symmysta specimens were collected from an intertidal sandy beach in Cilacap, Java Island, Indonesia.
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Figure 2: Sampling locations of Albunea symmysta in Sumatra and Java Island. Red circles indicate the sandy beaches where the sand crabs were collected.
(Source: Indonesia topographical map in http://www.bakosurtanal.go.id)




Table 1: Information on the size and sex of specimens measured from each site in this study.



	Site
	Number of females

	Number of males

	Total Number

	Size range (mm-CL) of both sexes




	Sumatra Island



	Aceh
	37

	13

	50

	10.30–21.60




	Bengkulu
	14

	16

	30

	12.70–21.80




	Jawa Island



	Cilacap
	27

	35

	62

	10.30–21.60




	Yogyakarta
	22

	10

	32

	12.70–21.80






Data Analysis

Allometric relationships were established among three morphometric characters (CW, PL, and DL) for each site, in which CL was fixed on the abscissa as a reference variable. The significance of the differences between the two sites (concerning slopes and intercepts) was tested by analysis of covariance (ANCOVA). To determine the similarity of Albunea symmysta populations among these sites, cluster analysis was performed based on 10 morphometric characters. Data from both sexes are combined in all analyses.

RESULTS

Allometric Relationships

The relationships among carapace length and carapace width, propodus length, and dactylus length are presented in Table 2. A simple regression analysis of CLCW showed significant differences in intercept values between A. symmysta from Yogyakarta with individuals from Bengkulu, Cilacap, and Yogyakarta. A. symmysta from Yogyakarta had a greater carapace width than the others (p<0.05).

Table 2 shows that population from Yogyakarta had a greater carapace width than other sites. Regression analysis between CL and PL for Cilacap vs. Yogyakarta showed a significant difference slope (p<0.05). In contrast, the comparisons of A. symmysta from Aceh vs. Cilacap, Aceh vs. Bengkulu, Bengkulu vs. Cilacap, and Bengkulu vs. Yogyakarta showed no differences in either slope and intercept, indicating that propodus length does not significantly differ between individuals of the same length (p<0.05). However, a comparison between Aceh and Bengkulu showed significant differences in intercept values; the Aceh population showed a greater propodus length than the Bengkulu population at the same carapace length (p<0.05).

A comparison between CL and DL showed significant differences in slope values for population from Aceh vs. other sites, indicating that A. symmysta from Aceh had greater dactylus length than the others (p<0.05). In contrast, a comparison of Bengkulu vs. Cilacap, Bengkulu vs. Yogyakarta, and Cilacap vs. Yogyakarta showed no differences in both slope and intercept values, indicating that individuals with the same carapace length had the same dactylus length.


Table 2: Linear regression equations for four morphometric variables (CL is the reference variable) in Albunea symmista collected from Sumatra (Aceh and Bengkulu) and Java (Cilacap and Yogyakarta), with the ANCOVA results to determine the difference between two respective sites.
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Cluster Analysis

A dendrogram constructed using 10 morphometric characters showed that A. symmysta from the four sites could be classified into two groups, i.e., the Sumatra (Aceh and Bengkulu) and the Java (Cilacap and Yogyakarta) populations. The similarity values were 82.74% and 72.86% for each group, respectively (Fig. 3).
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Figure 3: Dendrogram of Albunea symmysta population groupings by means of 10 morphometric characters, showing two groups, i.e., a Sumatra population (Aceh and Bengkulu) and a Java population (Cilacap and Yogyakarta).




DISCUSSION

Many morphometric studies of decapod crustaceans have shown significant relationships among some morphometric characters to carapace or total length (e.g., Oh & Hartnoll 1999; Sampedro et al. 1999; Conan et al. 2001; Wardiatno & Tamaki 2001; Mashar & Wardiatno 2013a,b; Wardiatno & Mashar 2013; Muzammil et al. 2015). Widely used allometric relationships have been used mostly to quantify the relative growth of body parts expressing secondary sexual characters in crustaceans (Hartnoll 1978, 1982). White and Gould (1965) found that at molt before maturity, the slope of the allometric relationship undertakes an impulsive transformation.

Variations of some morphometric characters within the same species from different sites or different species from the same family at the same site would be interesting and useful from a biological or taxonomical perspective. Wardiatno and Tamaki (2001) revealed that variations in the size of the cornea and rostrum angle of Nihonotrypaea japonica and N. harmandi were effective characters to separate the two species. Wardiatno and Mashar (2013) speculated that variations in claw size between two mantis shrimp species (Harpiosquilla raphidea and Oratosquillina gravieri) may be a factor behind their competitive abilities.

In this study, the analyses of covariance were able to detect size variations in the carapace widths and dactylus lengths at the same size of carapace lengths among populations of Albunea symmista collected from two sites in Sumatra and two sites in Java (see Table 2). Some researchers have indicated that the variation in morphometric characters of any species may be caused by various factors, such as geographic region (Hepp et al. 2012) including elevation and latitude, environmental conditions (Waldman et al. 1988; Hausch et al. 2013, Wahidah et al. 2015), as well as genetic factors (Waldman et al. 1988; Bissaro et al. 2012). Qonita et al. (2015) showed that variations in morphology were due to environment conditions in the pile ark cockle (Anadara pilula), and this finding strengthened the argument of Barria et al. (2011) who hypothesized that morphological variations were brought about by adaptive responses to environmental conditions.

Using ten morphometric characters, our cluster analysis generated two group populations of the sand crab, i.e., a Sumatra population and a Java population (see Fig. 3). The separation that formed between the two population groups from Sumatra and Java may also be due to their adaptation to differences in environmental conditions of the two islands. Visually, the substrate in Sumatra is coarser and whiter than in Java. Ingole (1998) stated that populations of burrowing crustacean species are affected by the sediment structure of their habitat. Rosenberg (2002) found different claw forms among Uca living in sandy and muddy habitats, which indicates a significant correlation between claw shape and habitat.


CONCLUSION

Morphometric variations in four populations of A. symmysta collected from Aceh, Bengkulu, Cilacap and Yogyakarta were detected, and these variations were used to cluster these populations into the following two groups: the Sumatra population and the Java population. The cluster pattern was likely determined by the local environmental conditions and the geographical distances between sampling sites. Further biological evidence (biomolecular approach) is necessary to strengthen the argument for subdividing these two A. symmysta populations.
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Abstrak: Kajian ini menyediakan senarai gastropod marin yang pertama dari perairan Zon Ekonomi Eksklusif (ZEE) Sarawak. Sampel gastropod dikumpul dari stesen yang terpilih di ZEE Sarawak. Operasi menunda menggunakan pukat tunda dengan saiz regangan 38 mm pada penghujung pukat. Operasi menunda dijalankan di kawasan melebihi 12 batu nautika dari pesisir pantai dan kawasan stesen dibahagi kepada tiga strata kedalaman iaitu, I) 20–50 m, II) 50–100 m dan III) 100–200 m. Sebanyak 23 spesies gastropod telah dikenalpasti sepanjang dua bulan kajian yang bermula dari 16 Ogos hingga 6 Oktober 2015 di mana ia terdiri daripada 8 superfamili, 15 famili dan 20 genus. Superfamili Tonnidae diwakili 7 spesies, diikuti Muricoidea (5 spesies), Cypraeoidea (4 spesies), Buccinoidea dan Conoidea (2 spesies). Manakala lain-lain superfamili hanya diwakili satu spesies sahaja. Didapati hanya 3 spesies berada di 2 strata kedalaman iaitu Melo melo, Murex aduncospinosus dan Tonna galea. Selain daripada itu, didapati 9, 13 dan 4 spesies gastropod dijumpai masing-masing pada strata I, II dan III. Maklumat berkenaan taburan gastropod dengan perbezaan strata kedalaman di ZEE Sarawak sangat berguna dalam pengemaskinian pangkalan data diversiti spesies di Malaysia.

Kata kunci: Gastropod marin, Komposisi spesies, Strata kedalaman

Abstract: This study provides the first marine gastropod checklist from the Sarawak Exclusive Economic Zone (EEZ). Gastropod samples were collected from selected stations in the Sarawak EEZ using an otter trawl net with a stretched mesh size of 38 mm at the cod end. The trawling operations were conducted more than 12 nautical miles from the coast, and the area was divided into three depth strata: I) 20–50 m, II) 50–100 m and III) 100–200 m. A total of 23 gastropod species were identified during the two-month sampling period from 16 August until 6 October 2015, representing 8 superfamilies, 15 families and 20 genera. Superfamily Tonnoidea was represented by 7 species, followed by Muricoidea (5 species), Cypraeoidea (4 species), and Buccinoidea and Conoidea (both with 2 species). Other superfamilies were represented by a single species. Only 3 species were obtained in 2 depth strata, namely Melo melo, Murex aduncospinosus and Tonna galea. In addition, 9, 13 and 4 species of gastropods were found in strata I, II and III, respectively. The information on gastropod distributions at different depth strata in the Sarawak EEZ could be useful in updating the Malaysian species diversity database.


Keywords: Marine gastropods, Species composition, Depth strata

INTRODUCTION

The implementation of the Malaysian Exclusive Economic Zone (EEZ) in 1981 led to the extension of the fishing grounds beyond the traditional fishing area. The total EEZ area in Malaysia is 548,800 km2, and Sarawak, as the largest state in Malaysia, contains approximately 160,000 km2 of the Malaysian EEZ (Jamil & Hadil 2012). The topography of the Sarawak seabed was identified in previous surveys and is composed of rocky bottoms and hard coral in addition to having sloping areas with a depth of more than 200 metres (Basir et al. 2012).

Mollusca is the second largest phylum, with approximately 200,000 living species that inhabit the land, mountains, rivers, seas and oceans (Ponder & Lindberg 2008). This phylum can be categorized into seven classes, and Gastropoda is the largest molluscan class (Aktipis et al. 2008). Gastropods are characterized by having a single shell with an operculum, but the shell is absent in some forms. Furthermore, they can be found in all marine environments, including extreme environments such as hydrothermal vents (Warén 2001).

Taxonomic studies of molluscs in Peninsular Malaysia and Sabah began in the early 1930s by the British. They recorded every gastropod that was collected from Batu Cave, Selangor (Laidlaw 1932), and Mount Kinabalu, Sabah (Laidlaw 1937). Furthermore, from 1973 to 1974, an intensive survey of marine mollusc diversity was conducted by Purchon on the east and west coasts of Peninsular Malaysia (Morris & Purchon 1981; Purchon & Purchon 1981; Way & Purchon 1981). This survey resulted in the collection of 301 specimens from the class Gastropoda, and these specimens are currently stored in the British Natural History Museum, London. Recently, several studies have been conducted on marine gastropods in Peninsular Malaysia by Aziz et al. (2001), Kee Alfian et al. (2005), Wong et al. (2008) and Siti-Balkhis et al. (2014). However, most of the recorded species were shown to inhabit the rocky shore, coral reefs and intertidal areas of an island, which are less than 3 nautical miles from the coast.

Meanwhile, in Sarawak, the taxonomic study of molluscs began in the early 1890s by the Dutch, and they collected gastropods inhabiting hills and rivers (Schepman 1895). There are a number of published studies on gastropods in Sarawak. For example, Hamli et al. (2013) reported that 21 species of edible gastropods are sold in wet markets around Kuching, Sibu, Mukah, Bintulu, Miri, Limbang and Lawas. In addition, gastropods living in coastal areas (Shabdin & Alfred 2007), mangrove forests (Shabdin & Hidir 2008) and intertidal habitat on island (Shabdin et al. 2014) have also been documented.

According to Wong and Arshad (2011), based on their collection of data from scientific writings, a total of 581 species of marine shelled Mollusca are listed in Malaysia (384 species from class Gastropoda). It seems that the number of species listed is far too small compared to other regions. In Japan, more than 6600 species of marine and brackish gastropods have been recorded (Poutiers 1998), while approximately 5000 to 6000 species of molluscs have been recorded for Panglao Island in the Philippines (Bouchet 2006). Although Malaysia is known as part of a high biodiversity region, limited information is known on marine gastropods, especially in Sarawak. Thus, the recent findings from this study will contribute valuable information on gastropod species in the waters of Sarawak.

From July to October 2015, the Bintawa Fisheries Research Institute, Sarawak (FRI), Department of Fisheries (DoF), Malaysia, conducted National Demersal Fish Resource Surveys in Sarawak, Sabah and Labuan waters. During these surveys, invertebrates were part of the by-catch. This paper provides a species checklist and locations of the marine gastropods obtained from different depth strata in the Sarawak EEZ.

MATERIALS AND METHODS

Study Area

Samples were collected at 153 trawling stations in the Sarawak EEZ (Figure 1). The sampling stations were selected by the FRI, DoF Malaysia. The survey was carried out using the research vessel MV SEAFDEC 2, owned by the Southeast Asian Fisheries Development Centre (SEAFDEC), based at the SEAFDEC Training Department, Bangkok, Thailand. A research team from the Universiti Malaysia Sarawak (UNIMAS) was invited to join the survey. Invertebrate organisms that were trapped together with fish (main survey) in the net were collected, sorted and measured. Otter trawling (mesh size 38 mm at the cod end) was used for the bottom trawl sampling, and the surveyed areas were more than 12 nautical miles from the coast of Sarawak. The sampling area was divided into three different depth strata, i.e., I) 20–50 m, II) 50–100 m and III) 100–200 m. The samples of gastropods collected were labelled together with the coordinates and depths at which they were trawled.
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Figure 1: All sampling stations during the two-month (16 Aug – 6 Oct) survey in Sarawak EEZ in 2015.




Species Identification

All samples were identified to the lowest possible taxonomic level based on identification keys by Abbott & Dance (1982), Oliver (1992), Abbott (2002), Dance (2002) and Oliver (2004). The validity of each species identification was checked against the World Register of Marine Species (WoRMS) (WoRMS Editorial Board 2016). Photographs were captured using a Nikon D7000 DSLR (Shinagawa, Tokyo, Japan) following the orientation of the seashell illustrations by Abbott & Dance (1982), and the photographs were kept as records. Morphometric data, such as shell length and width, were measured using a dial caliper accurate to ±0.01 mm to aid in species identification. The voucher specimens were stored in a freezer (-20°C) during the field survey. After the identifications were complete, the samples were placed into 10% formalin for 2 weeks, which was then replaced with 70% ethanol for long-term preservation. Representatives of the samples were deposited in the Aquatic Invertebrata Museum, Department of Aquatic Science, Faculty of Resource Science and Technology, UNIMAS.

RESULTS AND DISCUSSION

Out of 153 stations trawled, gastropods were found at only 23 stations (Figure 2). A total of 23 species belonging to 20 genera, 15 families and 8 superfamilies were identified (Figure 3a; 3b; 3c, Table 1) from the Sarawak EEZ, consisting of the superfamilies Buccinoidea, Conoidea, Cypraeoidea, Ficoidea, Muricoidea, Stromboidea, Tonnoidea and Xenophoroidea. Nine species of gastropods were collected from stratum I, 13 species from stratum II and 4 species from strata III, as shown in Table 2. The highest number of species was obtained from stratum II (13 species), followed by stratum I (9 species) and strata III (4 species). Each species had different meristic characteristics (Table 3), and these characters were useful for the identification process for most of the specimens collected. Superfamily Tonnoidea was the most commonly found taxon and was represented by seven species, Cassis cornuta, Phalium glaucum, Ranularia caudata, Reticutriton pfeifferianus, Semicassis glabrata, Tonna galea and Tonna tessellata. This was followed by Superfamily Muricoidea, which included five species, Harpa articularis, Melo melo, Murex aduncospinosus, Murex concinnus and Murex ternispina. Superfamily Cypraeoidea consisted of four species, Erosaria miliaris, Erronea pulchella, Leporicypraea mappa and Volva volva. Superfamily Buccinoidea included two species, Aeneator comptus and Fusinus colus. Superfamily Conoidea included two species, Conus praecellens and Gemmula speciosa. Superfamilies Ficoidea, Stromboidea and Xenophoroidea were each represented by a single species, which were Ficus filosa, Tibia fusus and Stellaria solaris, respectively.
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Figure 2: Sampling stations where gastropods were found during the surveys in Sarawak EEZ in 2015.
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Figure  3a (A-I): Gastropods from Sarawak EEZ, (A) Aeneator comptus, 60.2 mm shell length, (B) Cassis cornuta, 230.7 mm shell length, (C) Conus praecellens, 43.1 mm shell length, (D) Erosaria miliaris, 46.8 mm shell length, (E) Erronea pulchella, 33.0 mm shell length, (F) Ficus filosa, 36.0 mm shell length, (G) Fusinus colus, 150.5 shell length, (H) Gemmula speciosa, 64.4 mm shell length and (I) Harpa articularis, 65.0 mm shell length.
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Figure  3b (J-R): Gastropods from Sarawak EEZ, (J) Leporicypraea mappa, 43.2 mm shell length, (K) Melo melo, 138.1 mm shell length, (L) Murex aduncospinosus, 91.9 mm shell length, (M) Murex concinnus, 61.8 mm shell length, (N) Murex ternispina, 62.2 mm shell length, (O) Phalium glaucum, 110.1 mm shell length, (P) Ranularia caudata, 51.8 mm shell length, (Q) Reticutriton pfeifferianus, 54.2 mm shell length and (R) Semicassis glabrata, 41.2 mm shell length.
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Figure  3c (S-W): Gastropods from Sarawak EEZ, (S) Stellaria solaris, 80.0 mm shell width, (T) Tibia fusus, 98.9 mm shell length, (U) Tonna galea, 181.2 mm shell length, (V) Tonna tessellata, 90.8 mm shell length and (W) Volva volva, 87.8 mm shell length.




Table 1: Distribution of gastropods according to species and depth strata in Sarawak EEZ.
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Table 2: Summary of gastropod species, locations, depths and seabed types in Sarawak EEZ.



	Strata
	Depth
	Station
	Coordinates
	Substrate
	Species



	I
	20–50 m
	9
	N 02°05.79’- E 110°52.72’
	Muddy, Sandy
	Melo melo



	
	
	20
	N 02°47.09’- E 110°43.09’
	Muddy, Sandy
	Phalium glaucum



	
	
	45
	N 03°22.90’- E 112°07.85’
	Muddy, Sandy
	
Leporicypraea mappa

Tonna tessellata





	
	
	49
	N 04°01.00’- E 113°00.79’
	Muddy, Sandy
	Murex concinnus



	
	
	56
	N 03°37.17’- E 111°54.71’
	Muddy, Sandy
	Murex ternispina



	
	
	57
	N 03°37.52’- E 112°09.19’
	Muddy, Sandy
	Cassis cornuta



	
	
	58
	N 03°57.48’- E 112°12.75’
	Muddy, Sandy
	Melo melo



	
	
	59
	N 03°42.75’- E 112°23.45’
	Muddy, Sandy
	Melo melo



	
	
	
	
	
	Tibia fusus



	
	
	60
	N 03°37.09’- E 112°33.89’
	Muddy, Sandy
	Melo melo



	
	
	61
	N 03°41.58’- E 112°32.06’
	Muddy, Sandy
	Harpa articularis



	II
	50–100 m
	28
	N 03°44.36’- E 110°07.70’t
	Muddy, Sandy
	Melo melo



	
	
	30
	N 03°20.68’- E 110°09.90’
	Muddy, Sandy
	Reticutriton pfeifferianus



	
	
	71
	N 04°06.89’- E 110°58.60’
	Muddy, Sandy
	Semicassis glabrata



	
	
	
	
	
	Volva volva



	
	
	77
	N 04°00.45’- E 111°14.77’
	Muddy, Rocky
	Erronea pulchella



	
	
	
	
	
	Ficus filosa



	
	
	
	
	
	Fusinus colus



	
	
	
	
	
	Murex aduncospinosus



	
	
	
	
	
	Ranularia caudata



	
	
	
	
	
	Reticutriton pfeifferianus



	
	
	
	
	
	Semicassis glabrata



	
	
	
	
	
	Stellaria solaris



	
	
	80
	N 04°43.22’- E 111°23.55’
	Muddy, Sandy
	Conus praecellens



	
	
	83
	N 04°36.94’- E 111°33.10’
	Muddy, Sandy
	Tonna galea



	
	
	86
	N 04°16.24’- E 111°43.10’
	Muddy, Sandy, Rocky
	Erosaria miliaris



	
	
	89
	N 04°08.37- E 111°46.78’
	Muddy
	Stellaria solaris



	III
	100–200 m
	130
	N 05°15.30’- E 110°56.87’
	Muddy, Sandy
	Gemmula speciosa



	
	
	135
	N 05°23.41’- E 111°45.68’
	Muddy, Sandy
	Aeneator comptus



	
	
	138
	N 05°25.50’- E 111°56.23’
	Muddy, Sandy
	Murex aduncospinosus



	
	
	145
	N 05°22.61’- E 112°16.53’
	Muddy, Sandy
	Tonna galea




 

According to the guide book of seashells by Abbott and Dance (1982) and Abbott (2002), the availability of gastropods species can be classified into four categories: 1) common, 2) moderately common, 3) uncommon and 4) rare. Based on this classification, the current study recorded 8 common species, C. cornuta, E. miliaris, F. colus, H. articularis, M. ternispina, P. glaucum, S. solaris and V. volva. This was followed by 2 moderately common species, C. praecellens and T. fusus. Furthermore, twelve gastropods were classified as uncommon species, A. comptus, E. pulchella, F. filosa, G. speciosa, L. mappa, M. melo, M. aduncospinosus, M. concinnus, R. caudate, R. pfeifferianus, T. galea and T. tessellate. Only S. glabrata was classified as a rare species.

In the present study, M. melo inhabited both strata I and II, while T. galea and M. aduncospinosus inhabited both strata II and III (Table 2). Other species were found to inhabit only a single stratum. Melo melo can only be found in the South China Sea, including Malaysia (Abbott & Dance 1982). The survey data show that M. melo was mostly found at stations 58, 59 and 60 in the water near Bintulu. This is the most probable reason why M. melo was sold in Bintulu Division (Hamli et al. 2013) and not in other markets around Sarawak.

The gastropod E. miliaris (family Cypraeidae) has been reported to be found throughout the Indo-Pacific region (Oliver 2004) and to inhabit shallows off South Bay, Hong Kong (Orr 1985). In contrast, in the present study, this species was found at 50-100 m depths, suggesting that it can live in deeper areas.

Ng and Wee (1994) assumed that P. glaucum is an endangered species in Singapore, as it purportedly had not been seen since 1970 and was also relatively scarce in Hong Kong waters (Orr 1985). The present study recorded the existence of P. glaucum in the Sarawak EEZ at depths of less than 50 m with sandy and muddy substrates.

Similarly, the gastropods F. colus, L. mappa, R. pfeifferianus, S. solaris and T. tessellata were reported to be found in the waters of Singapore (Tan & Woo 2010). In this study, those five species were also present in the seabed of the Sarawak EEZ at depths of 29–74 m.


Table 3: Morphological characteristics of marine gastropods from Sarawak EEZ.



	Species
	Common name
	Characteristics



	Aeneator comptus
	Ornamented Penion
	Moderately thick, spire, striation, globose, axial rib, siphonal canal, light orange.



	Cassis cornuta
	Horned Helmet
	Solid, heavy, low spire, angular shoulder 5 to 7, blunt spine, outer lip-thick, orange.



	Conus praecellens
	Admirable Cone
	Moderately thick, cone-spire, upper half convex, dark brown streak, squarish spots.



	Erosaria miliaris
	Miliaris Cowries
	Thick, ovate shell, convex base, white dots, have bluish grey centres, canal rim white.



	Erronea pulchella
	Cowries
	Thick, rotund shell, convex base, brownish half base, small teeth, light brown.



	Ficus filosa
	Threaded Fig Shell
	Moderately thick, low spire, globose at upper half body whorl, low siphonal canal, light brown.



	Fusinus colus
	Distaff Spindle
	Moderately thick, high spire, channelled suture, long siphonal canal, white.



	Gemmula speciosa
	Splendid Turrid
	Moderately thick, cone-spire, cordlet, deep spiral cord, striation, long siphonal canal, white.



	Harpa articularis
	Articulate Harp
	Moderately thick, low spire, sharp apex, body whorl 14 ribs, band of dark brown-black on ribs.



	Leporicypraea mappa
	Map Cowrie
	Thick, rotund shell, convex base, aperture straight, small teeth, dark brown.



	Melo melo
	Indian Volute
	Thick, globose, low spire, inflated body whorl, no spines, almost semi-circular, yellow.



	Murex aduncospinosus
	Bent-Spined Murex
	Thick, moderate spire, 4 or 5 axial ribs between varices, nodules at intersection, white.



	Murex concinnus
	Striking Murex
	Thick, moderate spire, 2 horizontal brown line-whorl, no spine siphonal canal, light brown.



	Murex ternispina
	Black-Spined Murex
	Thick, moderate spire, 6 large spiral ridges-whorl, 3 large and 6 small teeth, pale brown.



	Phalium glaucum
	Grey Bonnet
	Thick, spire, smooth body whorl, round shoulder, thick lip, inside lip-25 teeth, whitish.



	Ranularia caudata
	Bent-Neck Triton
	Thick, moderate spire, large shoulder, spire-deep suture, un-straight siphonal canal, white.



	Reticutriton pfeifferianus
	Pfeiffer’s Hairy Triton
	Thick, spire, elongated body whorl, deep suture, thick lip, small teeth, pale brown.



	Semicassis glabrata
	Smooth Bonnet
	Thin, spire, large body whorl, lip thickened, spiral line at base, white.



	Stellaria solaris
	Sunburst Carrier-Shell
	Moderately thick, low spire, protruding spine at periphery of whorls, oval aperture, light brown.



	Tibia fusus
	Shin-Bone Tibia
	Moderately thick, high spire, spiral cord, surface smooth, long siphonal canal, light brown.



	Tonna galea
	Giant Tun
	Thin, large shell, spire-deep suture, globose, body whorl-15 to 20 broad, chestnut brown.



	Tonna tessellata
	Spotted Tun
	Fragile, low spire, globose, panultimate whorl 2 to 4 spiral ribs, columella twist, pale brown.



	Volva volva
	Shuttlecock Volva
	Moderately thick, rolled-up pasta shape, long front and rear, outer lip thick, pale brown.





CONCLUSION

This study recorded 23 species of gastropods living in the Sarawak EEZ, representing 8 superfamilies, 15 families and 20 genera. Nine species were found in stratum I (20–50 m), 13 species in stratum II (50-100 m) and 4 species in stratum III (100–200 m). The present study provides valuable information on gastropod distributions at different depth strata in the Sarawak EEZ, which could be useful for future studies.
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Abstrak: Lalat mencalai (Diptera: Phoridae) ialah serangga kecil berkepentingan forensik. Ia amat terkenal dengan kepelbagaian spesies di habitat yang berlainan. Namun, dalam konteks entomologi forensik, kajian mengenai lalat mencalai yang dijumpai pada mayat masih kurang diberikan perhatian. Memandangkan terdapat pelbagai laporan yang menunjukkan kemungkinan terdapat kepelbagaian spesies lalat mencalai pada persekitaran mayat atau bangkai mereput, satu kajian pereputan bangkai haiwan di lokasi tertutup telah dijalankan. Kajian ini bertujuan merekodkan kehadiran lalat mencalai pada bangkai arnab yang diletakkan di dalam tong sampah selama 40 hari. Kajian ini dijalankan sebanyak dua replikasi di Tapak Simulasi Sains Forensik, Universiti Kebangsaan Malaysia, Bangi, Selangor. Persampelan lalat mencalai dilakukan mengikut selang masa berlainan di dalam kelambu yang diubahsuai. Di dalam kelambu tersebut, lalat yang terperangkap ditangkap dan diawet di dalam larutan etanol 70%. Larva dan pupa dipelihara sehingga peringkat dewasa untuk pengenalpastian spesies. Hasil kajian mendapati terdapat enam spesies lalat mencalai daripada bangkai, iaitu Dahliphora sigmoides Schmitz ♂, Gymnoptera simplex (Brues) ♀, Megaselia scalaris (Loew) ♂♀, Puliciphora borinquenensis (Wheeler) ♂, Puliciphora obtecta Meijere ♀ and Spiniphora sp. ♀. Lalat D. sigmoides dan P. obtecta adalah rekod baharu di Malaysia manakala Spiniphora sp. adalah spesies yang belum dapat dikenal pasti sehingga ia dihubungkan dengan lalat jantannya. Lalat mencalai didapati berupaya memasuki tong sampah yang ditutup rapat (hari 4–5) dengan Megaselia scalaris sebagai lalat mencalai yang paling banyak ditemui pada bangkai pada hari 4–7 (replikasi pertama) dan hari 5–33 (replikasi kedua). Turut ditemui ialah Sarcophaga sp. (Diptera: Sacrophagidae) yang terawal tiba pada bangkai dan paling lama mendiami bangkai (hari 2–40). Larva Hermetia illucens Linneaus (Diptera: Stratiomyidae) dan Fannia sp. (Diptera: Fanniidae) pula dijumpai pada bangkai ketika tempoh pertengahan peringkat pereputan lanjut. Keputusan ini memperluaskan pengetahuan mengenai kepelbagaian spesies lalat mencalai berkepentingan forensik serta lain-lain lalat di persekitaran bangkai yang dilitupi di Malaysia.


Kata kunci: Lalat mencalai, Phoridae, Pereputan, Entomologi forensik, Diversiti

Abstract: Scuttle flies (Diptera: Phoridae) are small-sized insects of forensic importance. They are well known for diversified species and habitats, but in the context of forensic entomology, scuttle flies’ inhabitance of corpses remains inadequately explored. With recent reports indicating the existence of more scuttle fly species possibly inhabiting these environments, a decomposition study using animal carcasses in enclosed environments was conducted. The aim was to record the occurrence of scuttle flies on rabbit carcasses placed in sealed plastic waste bins for a 40-day period. The study was conducted as two replicates in Bangi, Selangor. Sampling was carried out at different time intervals inside a modified mosquito net as a trap. Inside the trap, adult scuttle flies were aspirated and preserved in 70% ethanol. The fly larvae and pupae were reared until their adult stage to facilitate identification. From this study, six scuttle fly species were collected, i.e., Dahliphora sigmoides (Schmitz) ♂, Gymnoptera simplex (Brues) ♀, Megaselia scalaris (Loew) ♂♀, Puliciphora borinquenensis (Wheeler) ♂, Puliciphora obtecta Meijere ♀ and Spiniphora sp. ♀. Both D. sigmoides and P. obtecta were newly recorded in Malaysia, whilst the Spiniphora sp. was considered an unknown species until it was linked to its male counterpart. The sealed waste bins were found to be accessible for the scuttle flies with delayed arrival (day 4–5). Megaselia scalaris was the primary scuttle fly species attracted to the carcass, and its occurrence could be observed between days 4–7 (replicate 1) and days 5–33 (replicate 2). This study also revealed Sarcophaga spp. (Diptera: Sarcophagidae) as the earliest species to colonize the remains and the longest to inhabit them (days 2–40). The larvae of Hermetia illucens (Linneaus) (Diptera: Stratiomyidae) and Fannia sp. (Diptera: Fanniidae) were found on the carcasses during the mid-advanced decay period. These findings expand the knowledge on the diversity of forensically important scuttle flies and coexisting dipterans in enclosed environments in Malaysia.

Key words: Scuttle Flies, Phoridae, Decomposition, Forensic Entomology, Diversity

INTRODUCTION

Scuttle flies (Diptera: Phoridae) are considered to be one of the most diversified groups of insects with a wide range of ecological backgrounds and morphological features (Disney 1994). In forensic entomology, they constitute an important group of Diptera and are commonly found indoors and in enclosed environments. With their small size, they can penetrate narrow gaps and reach corpses faster than other common groups of forensically important flies such as Calliphoridae and Sarcophagidae (Bugelli et al. 2015; Zuha et al. 2015). In the absence of other flies on a carcass in an enclosed environment, scuttle flies can be utilized as a helpful reference for minimum post-mortem interval (PMImin) estimation (Campobasso et al. 2004; Goff 1991).

The role of scuttle flies on animal carcasses as sarcosaprophagous insects is demonstrated by their appearance on decomposing animal carcasses during succession studies and their feeding activity on decaying animal tissues. In a natural environment, numerous scuttle fly larvae and their adults feed on various types of decaying animal tissues (Beaver 1987; Disney 1994; Walker 1957; Zaidi & Chen 2011).

However, current information on forensically important scuttle flies from succession studies is limited to a few common species, such as the cosmopolitan Megaselia scalaris (Disney 2008) and the “coffin fly”, Conicera tibialis Schmitz (Martin-Vega et al. 2011). Recent findings indicate that more scuttle fly species are likely to appear in forensic cases, including those recorded in succession studies using animal carcasses (Disney et al. 2014; Kumara et al. 2012; Thevan et al. 2010; Zuha et al. 2014a). Furthermore, information on decomposition and succession patterns in confined spaces is still lacking. Hence, our research was conducted on scuttle flies in enclosed environments using rabbit carcasses placed inside plastic waste bins.

METHODOLOGY

Two male white rabbit carcasses (Oryctolagus cuniculus), each weighing 2.20 kg and 2.07 kg were used. The rabbits were euthanized by administering a lethal injection of pentobarbital drug (0.1 ml/g) (UKM Animal Ethics Committee Reference: FSK/FRSIC/2011/NOOR&ZUHA/16-NOVEMBER/404-NOVEMBER-2011-NOVEMBER-2012-AR-CAT2). This study was conducted at the Forensic Science Simulation Site of the Faculty of Health Sciences, Universiti Kebangsaan Malaysia, Bangi, Selangor (2.91°N, 101.79°E), an outdoor research facility adjacent to a secondary forest. The plastic waste bins used in this research were black Century® Model 5012-B (Malaysia), with openings 42.6 cm in diameter, a base 33.7 cm in diameter and a height of 46.0 cm. Twist and lock lids were used to secure the conditions inside the waste bins from disturbances and contamination.

There were two replicates of the study, each with a duration of 40 days. The first replicate was conducted from 4 October 2010 to 13 November 2010, and the second replicate was conducted from 13 December 2010 to 22 January 2011. In each replicate, one rabbit was euthanised at 1000 hrs on the first day of the study. The carcasses were individually placed in plastic baskets as platforms to facilitate observation and weight measurement. A temperature data logger attached with a probe, EL-USB-TC-LCD (Lascar Electronics, Salisbury Wiltshire, UK), was inserted into the carcass anus to measure its hourly internal body temperature. Another data logger, EL-USB-2 (Lascar Electronics, Salisbury Wiltshire, UK), was placed on top of the garbage bin to record hourly microclimatic temperature and relative humidity.

During the first 11 days, samples were taken daily. Between day 11 and day 27, samples were taken every alternate day. Between day 27 and day 40, samples were taken every two days. To avoid contamination by insects attempting to enter the waste bin, sampling was conducted inside a modified mosquito net located within a portable cabin (mesh size approximately 1 mm2) and layered with cotton fabric. During the sampling, trapped adult scuttle flies were aspirated and preserved in 70% ethanol. The larvae and pupae, presumably of scuttle flies, were reared until adulthood to determine their species. Adult scuttle flies were mounted onto slides using Euparal (ASCO Laboratories, Manchester, UK), and a few samples were brought by the first author to the third author at the Department of Zoology, University of Cambridge, UK, in November 2014 to validate the identification of the species.


RESULTS

Environmental Condition

Outdoor ambient temperatures during each research period ranged between 26.8–32.0°C (replicate 1) and 25.2–29.8°C (replicate 2) whilst relative humidity was 59.5–75.0% (replicate 1) and 72.5–95.0% (replicate 2). Total rainfall during each research period were recorded as 156.4 mm (replicate 1) and 164.4 mm (replicate 2). Temperature data for the surroundings, the waste bins, the carcasses and larval mass are summarised in Figure 1. Due to highly humid conditions inside the waste bins, the data loggers recording the carcasses’ internal temperature began to malfunction on day 10 (replicate 1) and day 11 (replicate 2).
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Figure 1: Temperature recordings of the research environments: the surroundings, waste bin, carcass and larval mass in replicates 1 and 2.




Decomposition Stages

Of the five commonly observed animal decomposition stages, four stages were observed during the study period, i.e., fresh, bloated, active decay and advanced decay. The remaining dry stage or skeleton stage was not observed in either replicate. In the first replicate, the bloating stage was observed on day 2–3, while active decay began on day 4. The active decay stage was recognised from the onset of body weight reduction caused by decomposition gases escaping the abdomen. Soft body tissues around the eyes and genitals had decayed and ruptured. On day 7, the skin had darkened, and bodily fluid had started to accumulate at the base of the waste bin. Strong odours of decomposition developed, indicating the beginning of the advanced decay stage. In this confined environment, the decomposition process of the rabbit carcass occurred rather slowly as its weight gradually decreased until day 40. No apparent changes of the carcass’s physical appearance emerged between day 7 and day 40 except for superficial parts of the skin, and the extremities became dark and viscous. During the second replicate, similar observations were recorded except for the bloating stage, which could not be properly substantiated by the carcass’s swollen physical form since its weight had gradually decreased since day 1. Larvae aggregations were also recorded in replicate 2, where in contrast to replicate 1, larvae were more dispersed throughout the carcass.

Insect Activity

The presence of scuttle flies and coexisting dipterans according to decomposition stage is summarised in Figure 2. In the first replicate, M. scalaris larvae were collected from the carcass between days 4–7. There was a limited presence of female adult M. scalaris on days 13 and 21. Between days 5–40, we observed that water droplets had formed on the internal side of the waste bin, preventing phorid fly larvae from reaching the carcass.

Larvae of Sarcophaga spp. were found to thrive in this environment but in limited quantities (approximately <30). The larvae were collected from the carcasses between day 3 and day 40, but no pupae were present. Larvae of H. illucens were also found between days 19–40. On one occasion on day 3, dipteran eggs were discovered on the edge of the waste bin opening, but our attempt to determine the species was unsuccessful. The entire cluster of eggs was damaged due to the opening mechanism of the waste bin lid. The majority of Calliphoridae such as Chrysomya megacephala (Fabricius), Chrysomya nigripes (Aubertin) and Chrysomya rufifacies (Macquart) were found confined to the outside of the waste bin. On only one occasion on day 5, Chrysomya chani (Kurahashi) eggs were collected in the narrow gap between the waste bin lid and the waste bin in replicate 1.

In the second replicate, the scuttle flies were more diverse despite the fact that the condition inside the waste bin was almost identical to the first replicate. Gymnoptera simplex, M. scalaris, Puliciphora borinquenensis, Puliciphora obtecta and Spiniphora sp. were discovered inside the waste bin. Larvae of M. scalaris were collected starting on day 5, and the pupae were found on day 7 along with Spiniphora sp. larvae. Pupae of P. borinquenensis were recovered on day 36. In the case of M. scalaris, moribund female adults were found on the carcass between days 15–33, but there were no empty puparia found inside the bin. Outside the bin, a single male D. sigmoides was recorded on day 11.
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Figure 2: Faunal succession of scuttle flies and other sarcosaprophagous insects on carcass in waste bin during first (A) and second (B) replicates. Indicators: F-Fresh stage, grey lines - insect occurrence inside waste bin, black lines - insect occurrence outside waste bin.




Similar to replicate 1, Sarcophaga spp. were found inside the bin between days 3–40. On this occasion, however, the presence of Calliphorids was limited to adult C. megacephala outside the waste bin. The first occurrence of Fannia sp. was reported on day 10, but their presence was mostly concentrated between days 17–40. On days 25 and 27, adult Fannia sp. that had emerged from puparia were found inside the waste bin.

DISCUSSION

In total, six scuttle fly species were recorded in both replicates of this study, i.e., D. sigmoides ♂, G. simplex ♀, M. scalaris ♂♀, P. borinquenensis ♂, P. obtecta ♀ and Spiniphora sp. ♀ (Figure 3). Megaselia scalaris has been discovered in forensic and medical cases worldwide (Disney 2008) including Malaysia (Thevan et al. 2010), and previous studies indicate that this species is predominantly an indoor species (Kumara et al. 2012; Zuha et al. 2015). Therefore, in indoor forensic cases, this species can potentially help estimate PMImin (Campobasso et al. 2004; Reibe & Madea 2010), especially in the absence of other sarcosaprophagous species (Bugelli et al. 2015; Greenberg & Wells 1998; Reibe & Madea 2010; Thevan et al. 2010). In this study, the successive pattern of M. scalaris could only be observed in replicate 2, where different morphological stages occurred in a sequential pattern. Although the adults could gain entry into the sealed waste bin, they were not the earliest to inhabit the carcass in either replicate.

This study was the first recorded event in Malaysia in which D. sigmoides was found near an animal carcass environment. This species is small in size, approximately 0.8 mm in length, typically with a dark brown body. The taxonomic features of this species include distinctive venation of the wings (Zuha et al. 2014b). However, the interaction between D. sigmoides and the animal carcass could not be confirmed because it was the only scuttle fly species collected outside the waste bin. Knowledge on the ecology, taxonomy and distribution of this genus is still limited. Currently, only five known species have been described, i.e., the Australian D. sigmoides (Schmitz 1928) from the Bismarck Archipelago and specimens from Sulawesi, Indonesia, in the University of Cambridge, Museum of Zoology, the Neotropical Dahliphora crenaticornis (Borgmeier) and Dahliphora dispar (Borgmeier) (Borgmeier & do Prado 1975; Borgmeier 1961) and Dahliphpra zaitzevi (Mikhailovskaya) from far eastern Russia (Michailovskaya 2002).

Gymnoptera simplex has been identified as a sarcosaprophagous species and has been researched in dead mollusks (Bohart & Gressitt 1951), dead beetles and a dead rat (Disney & Sinclair 2008). This genus is currently represented by three species; two are Palaearctic, and the third G. simplex is tropical (Disney & Sinclair 2008). The first recorded occurrence in Malaysia of G. simplex, previously referred to as Gymnoptera orientalis (Meijere), was in mollusks (Beaver 1987). Gymnoptera orientalis, along with Gymnoptera molluscovora (Bohart) and Gymnoptera neotropica (Borgmeier), were later synonymized as G. simplex (Disney 2003a). Similar to many other phorids, this species displays striking dimorphism between males and females, and its larvae and pupae resemble those of the Fannia sp. (Colyer 1957; Zuha & Disney 2014). The presence of G. simplex on the rabbit carcasses in this study suggests its potential occurrence on medium-sized mammal carrion.
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Figure 3: New records and undiscovered species collected from the carcass environments, A. Dahliphora sigmoides, B. Spiniphora sp., C. Puliciphora obtecta. Bar = 0.5 mm




Other species with remarkable sexually dimorphic features are P. borinquenensis and P. obtecta, which can be differentiated by their abdominal tergites. In P. borinquenensis, the tergites are usually restricted to the dorsal face of the abdomen. However, tergites in P. obtecta are typically very wide, and the lateral margins are extended onto the flanks (Disney 1999). They are carrion-breeding species, and females that were collected in this research were flightless (Zuha et al. 2014a). The first reported occurrence of P. borinquenensis in Malaysia was in a decomposing beetle (Wheeler 1906). While it is a warm-climate species, its distribution is worldwide (Disney 2003b). Its synonym, Puliciphora wymani (Bohart) was previously found in dark locations, suggesting the preference of these species for similar conditions to that of the waste bins (Bohart & Gressitt 1951). The finding of P. obtecta in the animal carcass was novel for Malaysia. Previously, this species had been recorded in dead arthropods and had been associated with termites (Disney 1994). Additionally, this species had been recorded in Tokyo (Mitsui & Nakayama, 2012) while its synonym Puliciphora togata Schmitz had been widespread in Sumatra, the Philippines, Thailand and China (Borgmeier 1966; Disney 2005). This study’s findings further expand the knowledge of the geographical distribution and habits of this species.

Since the identification of Phoridae largely relies on the males, female Spiniphora cannot be identified until they are linked to their males. Spiniphora sp. was found inhabiting the carcass on days 7–8. Current taxonomic descriptions of this species include the Nearctic, Palaearctic and Oriental regions covering 20 species including the cosmopolitan and forensically important Spiniphora bergenstammi (Mik) (Disney 1994; Oliva 2004). Two new species, Spiniphora dichotoma (Michailovskaya) and Spiniphora leleji (Michailovskaya) were recorded in far eastern Russia (Michailovskaya 1998). In the Oriental region, Spiniphora is represented by seven species (Disney & Banziger 2009). The genus Spiniphora is distinguished by a pair of bristles in the basal half of the mid-tibia, and bristles at the tip of each fifth tarsal segment are dorso-ventrally flattened (Disney 1994). Spiniphora sp. females in this study were 2.0 mm long with dark brown tergites (First to sixth tergites) and yellowish venter. The surface of the ocellar region included a distinct dark triangular patch, while the last tergites were covered by a well-defined flap. Until they are linked to the males, the females remain an undescribed species.

It is noteworthy to mention that the waste bin restricted the access of Calliphoridae to the carcass, and its only attempt involved the oviposition of C. chani on day 5 in replicate 1. Chrysomya chani previously appeared in succession studies in Malaysia (Nazni et al. 2011; Omar et al. 1994) including indoor environments (Nazni et al. 2011), and it has been discovered in forensic cases (Nazni et al. 2015; Sukontason et al. 2007). Compared to Phorids and Calliphorids, the Sarcophagids appeared to be the most successful species to gain entry and feed on the carcasses. Since nearly all Sarcophagids are ovoviviparous (Marshall 2012), the larvae deposited near the waste bin lid could gain entry and reach the carcass by squeezing through small gaps beneath the lid. However, in this study, identification was carried out only to the genus level, as all larval and pupal specimens were preserved in 70% ethanol. There are currently 17 Malaysian species listed as forensically important in Malaysia (Tan et al. 2010), but attempts to understand the bionomics of Sarcophagidae in confined environments are scarce. Hermetia illucens was also recorded during the final 20 days of this study in replicate 1, but we were unable to ascertain their access strategy. This species has been recorded in many forensic cases worldwide (Dunn 1916; Lee & Cheong 1982; Lee 1989) and has been reported as a cause of enteric pseudomyiasis in Malaysia (Sanniah et al. 1994). Due to this limited knowledge, we propose further research to understand interactions of Sarcophagidae and Stratiomyidae in confined environments.

CONCLUSION

The minimum post-mortem interval estimation of decomposing cadavers in confined environments can be more difficult when such conditions limit or delay the access of sarcosaprophagous insects. However, this study demonstrates that phorids thrive in this environment and could likely to be used as a reference to estimate PMImin. The results also extend our knowledge of the diversity of forensically important species in this region. Another aspect to examine further is the bionomics of scuttle flies with respect to decomposition stages, including their coexistence with other forensic dipterans in confined environments such as Sarcophagidae, Muscidae and Stratiomyidae.
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Abstrak: Satu kajian ke atas prevalens endoparasit biasa dalam populasi Lipas Amerika liar di Pulau Pinang dilakukan dengan kaedah perangkap di beberapa kawasan pensampelan di pulau tersebut. Gregarine blattarum ditemui dalam saluran pencernaan 5 daripada 115, atau 4.35%, dari Lipas Amerika liar, Periplaneta americana yang disampel. Ini merupakan penemuan pertama Gregarine blattarum di dalam Lipas Amerika tempatan yang dilaporkan di Malaysia.

Kata kunci: Lipas Amerika, Endoparasit, Gregarin

Abstract: A study on the prevalence of a common endoparasite in the wild population of the American cockroach was conducted in Penang Island using a trapping method at several sampling sites on the island. Gregarine blattarum was found in the digestive tract in 5 out of 115, or 4.35%, of the wild American cockroaches, Periplaneta americana, that were sampled. This is the first report in Malaysia of Gregarine blattarum in local American cockroaches.

Keywords: American Cockroach, Endoparasite, Gregarines

Gregarina blattarum von Siebold, originally referred to as Blatta orientalis in 1839, has been reported to infect at least six other cockroach species worldwide. However, despite the morphological similarity among these species, Clopton and Gold (1996) have experimentally demonstrated that G. Blattarum were able to infect laboratory colonies of Blatella germanica, while they were unable to infect four other cockroach species in which this gregarine had previously been reported (Smith & Cook 2008). This parasite, which belongs to the Order Eugregarinida (Protista: Apicomplexa), is typically distinguished by their characteristic appearance (Smith & Cook 2008), and this protozoa is also an obligate intestinal parasite in a large number of invertebrates, including annelids, crustaceans, echinoderms, arachnids, pelagic tunicates and insects (Clopton & Gold 1996). Arthropods, such as German cockroaches, Blatella germanica, have been found to be a specific host for Gregarine blattarum (Lopes & Alves 2005). This is the first report of an infection by the Gregarine species in the American cockroaches sampled in Penang Island, Malaysia. Gregarine sp. infecting local American cockroaches has never been reported or observed in Malaysia previously.

The trapping method was performed according to the method suggested by Kinfu and Erko (2008). Clean and empty jars were internally coated with Vaseline using cotton, while the outside of the jars were wrapped with crumpled paper. A piece of bread was dipped in fermented liquid or beer and was placed inside the trap. The fermented liquid or beer produced a strong smell and attracted more cockroaches to the traps. The purpose of coating the jars with Vaseline is to ensure that the inside wall was slippery so that the trapped cockroaches could not climb out. The outside traps were wrapped with crumpled paper to ensure that a nearby cockroach could easily climb and get into contact with the bait inside the trap. Some of the traps were tied with ropes on both sides to enable them to be connected to a suitable anchor or corner when the traps were placed in sewers, drains, ditches or any other crucial locations. This method ensured that the traps could not be easily removed by locals or other animals and that they could not be moved or be carried by the water flow in drains or in the case of rain. A large hole approximately half of the size of the bottle covering was made for each trap so that cockroaches could be attracted to the baits inside, and at the same time, other larger animals such as rats could not easily fall into the traps. For some traps, double-sided tape was used to stick the bottom of the traps to the floor of the sampling sites. The traps were then brought to the sampling sites and placed at locations with a high potential of encountering cockroaches.

All of the trapped cockroaches from the sampling sites were brought to the laboratory for identification. Identification was made according to the description and the general characteristic appearances of the samples after collection from the sampling sites. Only whole and live samples of the American cockroach species P. americana were used for examination; any other species were discarded. The samples were divided according to whether they were adult males, adult females or nymphs. This classification facilitated the next steps of determining which sex and life stage of the cockroaches were the most numerous and how this influenced a higher or lower chance of parasitic infection.

Morphologically, American cockroaches have a shiny red to chocolate brown exoskeleton, and nymphs are uniformly brown in colour and resemble adult cockroaches, except that they are wingless. This species has long and tapered cerci during all life cycle phases and the presence of undefined yellow and brown markings on the pronotum. Male cockroaches have a reproductive system known as a stylus, while female cockroaches have an ovipositor. Nymph cockroaches are wingless and do not have fully developed reproductive systems (Lee & Ng 2009).

Dissection of the cockroaches was performed to determine the presence of parasites inside the digestive tract and the alimentary canal. Before the cockroaches were dissected, the head and both wings were pinned on the dissecting tray using fine pins to ensure that the sample did not move during the dissection process. The legs were removed using pointed forceps or scissors, and the abdomen was exposed to the upper side. Then, dissection scissors were used to cut the ventral side along the abdomen to remove the exoskeleton. The internal part of the sample was exposed after removing the exoskeleton, and the body fat surrounding the abdominal organs was removed slowly using pointed forceps and sharp needles to expose the internal organs of the cockroaches and to isolate the alimentary canal. Then, the alimentary canal was removed carefully by cutting at the end near the oesophagus and at the other end, near the anus/cloaca, and placed onto a Petri dish. Under the dissecting microscope, the alimentary canal was macerated using sharp scissors and fine needles on the petri dish, which contained 2 ml of normal saline.

Any presences of parasites such as nematodes, helminths, protozoa or the eggs of parasites under the dissecting microscope were recorded. If any endoparasites were found, a pipette was used to transfer them to be observed under the compound microscope for identification. The nematodes found were fixed in 70% alcohol for further identification. For the examination of any presence of ova/cysts/eggs of parasites, 1 ml from the result of internal washing was centrifuged at 2000 rpm for 5 minutes, and the deposit was examined after staining with 1% Lugol’s iodine. Parasite identification was based on the morphology and characteristic appearances. The ova and cysts of the parasites were measured and identified using a compound microscope, and the identification was according to the length, width and special characteristics shown (Melvin et al. 1964).

A total of 115 samples of cockroaches were collected during the sampling period, and five of them, or 4.35% of the samples, were infected by parasitic gregarines. The cockroaches infected with G. blattarum were collected from Gelugor, Bukit Jambul, Bayan Baru, Bayan Lepas, and Batu Lanchang dan Tanjung Bungah, while the samples collected from Universiti Sains Malaysia (USM) Main Campus and Sungai Dua, Penang were uninfected. Most of the gregarines observed were in gamont form (Figure 1). Gregarines have been reported as one of the most diverse groups of organisms and have been found in invertebrate hosts, including cockroaches, dragonflies, beetles and crustaceans (Clopton & Gold 1996; Wise et al. 2000; Lopes & Alves 2005; Smith & Cook 2008; Roberts & Javony 2010; Bunker et al. 2013). The gregarine-infected invertebrate insects were grouped under the order Eugregarinorida and suborder Septatorina. The gregarines infecting the cell of intestine of American cockroaches were identified as Gregarina blattarum.

The gamonts of G. blattarum were cylindrical in shape and ranged from 100 µm to 2000 µm in length and from 30 µm to 1500 µm in width. Each of the gamont was attached to the host intestinal epithelium. A pair of gamonts will undergo syzygy and detach from the intestinal epithelium. The association of the two gamonts will then cause the formation of a gametocyst wall, in which the process of gametogenesis, fertilisation and the division of the zygote occurs. Then, the production of an oocyst occurs, which is also known as the process of sporulation. Gametocysts with oocysts encapsulated inside are excreted with the faeces of the cockroach. When other cockroaches consume the infected faeces, they become infected by the oocysts of G. blattarum. In the intestine of the infected host, the oocyst will undergo exsporulation and penetrate epithelial cells as a sporozoite. Then, the sporozoite will grow to become a trophont. The trophont grows into a gamont that attaches to the intestinal epithelium, and the process repeats. According to Lopes and Alves (2005), a gregarine infection in a population of cockroaches can cause mortality, which we also found in this study. Many of the cockroaches sampled that were infected with G. blattarum were dead before being dissected.
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Figure 1: Gamont of G. blattarum is cylindrical in shape. Note the presence of the nucleus (N).



The gregarine life cycle can be divided into four phases: a) excystation, b) infection and development, c) assortment and syzygy and d) mixis and sporogony. Mechanisms enforcing host specificity may operate during any part of this life cycle phase (Clopton & Gold 1996), and the oocysts in the environment or from the cadaver of the infected host can be accidentally consumed by American cockroaches. However, some of the cockroaches infected with Gregarine sp. were alive and appeared well during trapping and collecting, probably due to the low number of gamonts found in the digestive tract. According to Lopes and Alves (2005), gregarines were also found in insects with a healthy appearance but in low numbers (1–10 gamonts), demonstrating the chronic aspect of the disease. The occurrence of chronic infections of gregarines in cockroaches has been reported in colonies maintained under laboratory conditions (Clopton 1995; Clopton & Gold 1996).

Since the population of the American cockroaches in the sampling areas normally share the same habitat with numerous other species of cockroaches, such as German cockroaches (Blatella germanica), Lobster cockroaches (Nauphoeta cinerea), and Brown-banded cockroaches (Supella longipalpa), American cockroaches could have been consuming the contaminated faeces or body of a dead infected host belonging to a different species and were thus infected by a horizontal transmission of the parasite.
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Abstrak: Rodent tergolong dalam kumpulan Rodentia yang terdiri daripada tiga Famili di Borneo (Contoh: Muridae, Sciuridae dan Hystricidae). Ini termasuk tikus, tupai dan juga landak. Golongan ini tersebar di serata dunia dan dianggap sebagai haiwan perosak yang mengancam manusia dan haiwan ternakan. Sebahagian spesies rodent adalah sumber pembawa jangkitan Hantavirus (Famili: Bunyaviridae) yang menyebabkan penyakit zoonotik kepada manusia. Walaupun serum manusia pernah dilaporkan seropositif pada Hantavirus di Semenanjung Malaysia pada awal tahun 1980, informasi tentang jangkitan pada spesies rodent di Malaysia masih kekurangan. Populasi rodent di kawasan perumahan dan kawasan hutan di Sarawak telah disampel. Sejumlah 108 individu daripada 15 spesies telah ditangkap di kawasan perumahan (n = 44) dan kawasan hutan (n = 64). Kepelbagaian rodent di kawasan hutan secara signifikan lebih tinggi (H = 2.2342) berbanding rodent di kawasan perumahan (H = 0.64715) (p < 0.001 ujian Zar-t berdasarkan indeks Shannon). Rattus rattus dan Sundamys muelleri amat kerap dijumpai di kedua dua lokaliti. Ujian imunosorben taut-enzim (ELISA) menunjukkan antibodi kursus kepada Hantavirus tidak dapat dikesan daripada 53 sampel serum yang telah diuji. Ini adalah laporan pertama tentang seroprevalensi hantavirus di Sarawak, Malaysia Timur. Hasil kajian menunjukkan bahawa penyebaran Hantavirus tidak berada dalam populasi tikus yang ditangkap di Sarawak, melainkan jika pengesanan di bawah prevalensi rendah iaitu di bawah tahap ambang. Kajian lebih lanjut seperti pengesanan molekul pada komponen viral genetik diperlukan untuk menilai sepenuhnya risiko jangkitan Hantavirus pada rodent dan juga manusia dalam kawasan kajian ini, di Malaysia.

Kata kunci: ELISA, Hantavirus, Mamalia Kecil Bukan Terbang, Rodents, Seroprevalensi

Abstract: Rodents belong to the order Rodentia, which consists of three families in Borneo (i.e., Muridae, Sciuridae and Hystricidae). These include rats, mice, squirrels, and porcupines. They are widespread throughout the world and considered pests that harm humans and livestock. Some rodent species are natural reservoirs of hantaviruses (Family: Bunyaviridae) that can cause zoonotic diseases in humans. Although hantavirus seropositive human sera were reported in Peninsular Malaysia in the early 1980s, information on their infection in rodent species in Malaysia is still lacking. The rodent populations in residential and forested areas in Sarawak were sampled. A total of 108 individuals from 15 species of rodents were collected in residential (n = 44) and forested (n = 64) areas. The species diversity of rodents in forested areas was significantly higher (H = 2.2342) compared to rodents in residential areas (H = 0.64715) (p < 0.001 of Zar-t test based on the Shannon index). Rattus rattus and Sundamys muelleri were present at high frequencies in both localities. An enzyme-linked immunosorbent assay (ELISA) showed that hantavirus-targeting antibodies were absent from 53 tested serum samples. This is the first report of hantavirus seroprevalence surveillance in rodent populations in Sarawak, East Malaysia. The results suggested that hantavirus was not circulating in the studied rodent populations in Sarawak, or it was otherwise at a low prevalence that is below the detection threshold. It is important to remain vigilant because of the zoonotic potential of this virus and its severe disease outcome. Further studies, such as molecular detection of viral genetic materials, are needed to fully assess the risk of hantavirus infection in rodents and humans in this region of Malaysia.

Keywords: ELISA, Hantavirus, Non-volant Small Mammals, Rodents, Seroprevalence

Rodents are gnawing-type, non-volant, small mammals with two pairs of continuously growing incisors. In Borneo, the order Rodentia forms 27.5% of the mammalian fauna that belong to 61 species in three families (i.e., Muridae, Sciuridae and Hystricidae) (Yasuma & Andau 1999; Payne & Francis 2007). Most rodents have many ecological variations, such as being nocturnal, diurnal and arboreal. Hantaviruses are single-stranded, enveloped, negative sense RNA viruses of the Bunyaviridae family (Elliott et al. 1991; Plyusnin et al. 1996). Haemorrhagic fever with renal syndrome (HFRS) and hantavirus pulmonary syndrome (HPS) are two types of rodent-borne zoonotic diseases in humans that are caused by hantaviruses (Bi et al. 2008). There are more than 80 known hantavirus reservoir host species. These include 51 rodent species, seven bat species from the order Chiroptera, and 20 shrew and mole species from the order Soricomorpha (de Oliveira et al. 2014). According to Kallio-Kokko et al. (2006), the most prevalent natural reservoir hosts for hantaviruses belong to four rodent genera (i.e., Apodemus, Rattus, Clethrionomys and Peromyscus). The transmission of hantaviruses to humans occurs through bites from infected animals or the inhalation of aerosolized contaminated excreta, such as urine and faeces (Calisher et al. 2006; Yusof et al. 2010; Lin et al. 2012). In West Malaysia, hantavirus seropositive rodents were previously recorded in several states, including Kelantan (n=4; 9.09%), Port Klang (n=14; 15.91%), and Penang and Perlis (n=17; 6.7%) (Lim et al. 1985; Lam et al. 2001). However, the seroprevalence and infection of hantavirus in rodent and human populations of East Malaysia are still largely unknown. There were also several reported cases of rodents infected with hantavirus in neighbouring countries [i.e., China (Lin et al. 2012; Wang et al. 2000), South Korea (Lim et al. 2012), Singapore (Wong et al. 1985,1988; Johannson et al. 2010), Indonesia (Plyusnina et al. 2009; Ibrahim et al. 2013), Thailand, Cambodia and Lao PDR (Nitatpattana et al. 2000; Reynes et al. 2003; Blasdell et al. 2011, 2016)], which suggested that there was a possibility for the circulation of hantavirus in the rodent populations in East Malaysia.


Rodent samplings were conducted at four residential and five forested areas in Sarawak (Figure 1) from October 2014 to April 2015. The residential areas selected in this study were comprised of villages in suburban and rural areas, while the forested areas were comprised of kerangas and mixed dipterocarp forests. The distance between the residential areas and the forested areas ranged from the nearest at 6.65 km (Sebayor Village and Samarahan forest) to 225.79 km (Ulu Serian Village and Samunsam Wildlife Sanctuary). Five sampling days were conducted at each sampling site, with a total of 50 cage traps deployed at residential areas and 100 cage traps set up at forested areas throughout the sampling periods. Cage traps were randomly distributed at a distance of approximately 10 m apart. The bait, including banana, pineapple and dried salted fish, was individually placed inside each cage trap. The success rates of trapping rodents in residential areas were between 0.020 and 0.080, while at forested areas, the success rates were between 0.008 and 0.054. The morphometric measurements of rodents, such as head and body length (HB), weight, tail length (TL), ear length (E), head length (HL), hind foot length (HF) and sex, were recorded following the guidelines provided by McKenna et al. (1997), Payne and Francis (2007) and Francis (2008) for species identification. Less than 400 µl of blood was collected from each euthanized rodent using a syringe with a 22-G needle by the cardiac puncture technique, following the protocols by Herbreteau et al. (2011). The blood sample was immediately spun at 4,000 rpm for five minutes to obtain clear serum. The serum samples were temporarily stored in an icebox at field sites and immediately transferred to a -20°C freezer in the laboratory.

The screening of antibodies against hantaviruses from the rodent serum samples was performed in duplicate using the XpressBio Mouse Hanta Virus ELISA Kit (IM-100999; Express Biotech International, Thurmont, Maryland, USA), following the manufacturer’s protocol. The ELISA plate was pre-coated with negative and positive viral antigens, which were the recombinant hantavirus nucleoprotein of the Hantaan strain sharing high amino acid sequences homology with the existing Murinae-associated hantavirus strains. However, this test may miss the hantavirus of novel lineages.
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Figure 1: Sampling locations in Sarawak, East Malaysia, where the rodents were captured, and serum samples were screened for hantavirus-targeting antibodies.
Notes: Red asterisks indicate the residential sampling sites [KK, Krusen Kranji Village, Serian (1°5′15″N 110°30′40″E); SE, Sebayor Village, Kota Samarahan (1°27′ 34″N 110°29′56″E); US, Serian Ulu Village, Betong (1°50'0"N 111°40'0"E); and BH, Bako Hulu Village, Kuching (1°39′45″N 110°25′56″E)]. Green asterisks indicate forested sampling sites [SJ, Sama Jaya Nature Reserve (1°31'15"N 110°23'25"E); SNP, Santubong National Park (1°44'40"N 110°19'17"E); SWC, Samunsam Wildlife Sanctuary (1°57'11"N 109° 38'44"E); SF, Samarahan forest (1°28'33"N 110°26'11"E); and MP, Mount Penrissen (1°7'1"N 110°12'56"E)].



A total of 108 rodent individuals belonging to 15 species were captured in the residential (n=44) and forested (n=6465) areas (Table 1): Callosciurus notatus, C. prevostii, Dremomys everetti, Leopoldamys sabanus, Maxomys baedon, M. ochraceiventer, M. surifer, M. whiteheadi, Niviventer cremoriventer, N. rapit, Rattus exulans, R. rattus, R. tiomanicus, Sundamys muelleri and Sundasciurus lowii. Only three rodent species (i.e., R. rattus, R. tiomanicus, and S. muelleri) were found in residential areas. Among these, R. rattus was the most commonly captured rodent from all residential areas. The presence of the invasive R. rattus at the Sama Jaya Nature Reserve (Sama Jaya NR) and Samarahan forest was not surprising, as these two forested areas were both located in the vicinity of the human settlements with urban landscapes. S. muelleri, a common rodent species in forested areas, was also commonly captured in the residential areas in this study, and it was possibly a commensal species to R. rattus. Urbanization has provided an alternative path for opportunistic rodent species such as S. muelleri to exploit urban or sub-urban habitats, whereas this species is usually found in forested areas (Wells et al. 2014). This study also captured four individuals of R. tiomanicus near a paddy field at Ulu Serian Village, Betong, Sarawak. The rodent species diversity was compared between the residential and forested areas based on the Shannon index calculated using PAleontological STatistic (PAST) version 3.10. As expected, the species diversity of rodents in forested areas (H = 2.23422.250) was significantly higher than in residential areas (H = 0.64715) [p<0.001, Zar-t test]. A total of 12 out of 15 rodent species captured were only recorded in forested areas. Among these, Sama Jaya NR had the most captured rodent individuals (n = 2627) compared to the other localities. Moreover, Sama Jaya NR is an urban park within kerangas forest reserve that provides both ecological and recreational services for researchers and local people. Ten individuals of rodents captured were R. rattus, a well-documented urban pest in Malaysia (Liat, 2015). The trapping success of rodents was lower at four other forested localities (Mount Penrissen, Samunsam Wildlife Sanctuary, Samarahan forest and Santubong National Park), where the majority vegetation consisted of mixed dipterocarp forests.

A total of 53 rodent serum samples from six genera and eight species were collected for the Hantavirus seroprevalence test (Table 1). All of the rodent serum samples tested negative for antibodies against hantaviruses using the ELISA test. This result suggested that the rodent populations at this region were not exposed to the virus before, and they did not have the antibody levels above the detection limit by the time blood sampling was conducted. The virus can remain in a rodent’s body after infection, and it is possibly detectable for up to 270 days, regardless of the IgM and IgG antibodies specific against hantavirus production (Lam et al. 2001). There was a probability that the rodents were exposed to hantavirus, but the antibody level declined after a few weeks of infection, which led to negative results. R. rattus was considered one of the reservoirs for hantavirus in Asian countries, such as China, Cambodia, Japan and Thailand (Nitatpattana et al. 2000; Wang et al. 2000; Reynes et al. 2003; Lokugamage et al. 2004). Hantavirus was previously reported in rodent populations in Peninsular Malaysia, Thailand and Singapore (Lim et al. 1985; Wong et al. 1985; Nitatpattana et al. 2000; Lam et al. 2001); therefore, the possibility of hantavirus circulation in rodent populations in Sarawak was suspected. Since this study involved a relatively small sample size (n = 53) of rodent blood specimens and small sampling areas relative to the whole region of Sarawak, it is expected that in the future, a more expansive surveillance with viral RNA detection and analysis would allow a thorough assessment of the public health risks of hantavirus infection in this region. Viral RNA detection by real-time polymerase chain reaction (PCR) has high sensitivity if the primers match the sequence of the virus genome present in the samples, and it is a powerful diagnostic tool to identify the prevalence of virus circulation at the time of sampling. Serological tests often could not distinguish between old and new infections. In conclusion, the screening of antibodies specific against hantaviruses from all rodent serum samples showed seronegative results.


Table 1: Rodent species captured in both residential and forested areas, Sarawak.
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Abstrak: Sarkosporidiosis adalah penyakit yang disebabkan oleh parasit protozoa intraselular iaitu Sarcocystis spp. Pada khinzir, tiga spesis Sarcocystis spp. telah dikenalpasti antaranya Sarcocystis meischeriana, Sarcocystis porcifelis dan Sarcocystis suihominis. Tujuan kajian ini adalah untuk menentukan prevalens sarkosporidiosis otot pada khinzir dengan menggunakan teknik penghadaman peptik. Sebanyak 150 sampel segar otot jantung, esofagus dan paha daripada 50 khinzir jenis Yorkshire dan Landrace telah dikumpulkan dari dua buah tempat sembelihan tempatan di Perak mulai bulan Mei hingga Ogos 2014. Kesemua sampel segar tersebut diperiksa secara kasar untuk mengesan pembentukan-makrosis Sarcocystis spp. dan seterusnya diproses secara teknik penghadaman peptik bagi mengesan kehadiran bradizoit. Hasil yang diperolehi menunjukkan 58% (29 daripada 50) khinzir adalah positif terhadap Sarcocystis spp. Penemuan ini menggambarkan kepentingan untuk melaksanakan langkah-langkah yang ketat dalam pemeriksaan khinzir-khinzir di rumah sembelihan terhadap infeksi Sarcocystis spp. kerana kepentingannya terhadap kesihatan awam.

Kata kunci: Sarkosistis, Khinzir, Otot, Penghadaman Peptik, Bradizoit

Abstract: Sarcosporidiosis is a disease caused by intracellular protozoan parasites, namely, Sarcocystis spp. In pigs, three species of Sarcocystis spp. have been recognised, including Sarcocystis meischeriana, Sarcocystis porcifelis and Sarcocystis suihominis. The aim of this study is to determine the prevalence of muscular sarcosporidiosis in pigs using the pepsin digestion technique. A total of 150 fresh heart, oesophagus and thigh muscle samples from 50 Yorkshire and Landrace pigs were collected from two local abattoirs in Perak from May to August 2014. All the fresh muscle samples were thoroughly examined for macrocyst-forming Sarcocystis spp. and processed using the peptic digestion technique to detect bradyzoites. The results from the muscle samples showed that 58% (29 out of 50) of the pigs were positive for Sarcocystis spp. These findings highlight the importance of implementing stringent measures for screening pigs in abattoirs for Sarcocystis spp. infection because this infection in pigs is a public health concern.


Keywords: Sarcocystis, Pigs, Muscle, Peptic Digestion, Bradyzoites

Sarcosporidiosis, also known as sarcocystosis, is a disease caused by cyst-forming coccidian parasites, namely, Sarcocystis spp. There are more than two-hundred species of Sarcocystis, and they are the most prevalent protozoan parasites of domestic animals (Kalantari et al. 2013). Sarcocystis spp. have been reported in pigs (Sus scrofa), including S. meischeriana, S. porcifelis and S. suihominis, and dogs (Canis lupus familiaris), cats (Felis catus) and humans (Homo sapiens) serve as their final hosts, respectively (Solaymani-Mohammadi & Petri 2006). Sarcocystis meischeriana is widely distributed in various regions of the world, including Southeast Asia. In Southeast Asia, the sarcocysts of S. meischeriana have been reported in pigs in Thailand (Bunyaratvej et al. 2007) and the Philippines (Claveria et al. 2001). However, there is no report of S. meischeriana infection in pigs in Malaysia and other neighbouring countries. On the other hand, there are studies that show a high prevalence of S. suihominis in countries such as India (Saleque & Bhatia 1991), Japan (Saito et al. 1998), China (Li et al. 2007) and the US (Dubey & Powell 1994). To date, no publications have been found on the infection of pigs with S. porcifelis and S. suihominis in Malaysia or other Southeast Asian countries.

According to Lindsay et al. (1995), S. meischeriana is the most prevalent and most pathogenic species, while S. suihominis is less prevalent and less pathogenic in pigs. However, S. suihominis has received more attention in medical communities due to its impact on public health because it infects humans who serve as its definitive host (Banerjee et al. 1994; Chhabra & Samantaray 2013; Dubey et al. 1989; Fayer 2004; Juyal 1991; Tappe et al. 2013).

Sarcocystis spp. in infected pigs can be detected by macroscopic or microscopic observations of muscle tissue samples. The whitish filamentous, spindle-shaped, rice-grain-like, macrocyst-forming sarcocyst has been observed in the muscles of the heart, tongue, masseter, oesophagus, diaphragm, biceps and femoris (Lam et al. 1999). According to Hamidinejat et al. (2010), the pepsin digestion technique is the gold standard and is commonly applied for the detection of Sarcocystis spp. This technique is considered to be one of the most sensitive methods for the detection of the presence of bradyzoites in muscle tissues (Dubey et al. 1989). Therefore, the aim of this study is to determine the prevalence of muscular sarcosporidiosis in pigs using the pepsin digestion technique.

In this study, 150 tissue samples taken from the heart (50 samples), oesophagus (50 samples) and thigh (50 samples) muscles of twenty Yorkshire and thirty Landrace pigs (Sus scrofa domesticus), slaughtered at the Ipoh and Taiping abattoirs in Perak, Peninsular Malaysia, were examined for Sarcocystis spp. infection. The samples were randomly selected during the slaughtering process from May until August 2014. All the samples were thoroughly examined visually for any presence of macrocysts from Sarcocystis spp. in situ before being kept in a chiller box at a temperature of 4 to 6°C for transportation. The samples were processed at the biosafety level 2 laboratory (BSL-2) at the Zoonotic Section of the Veterinary Research Institute, Ipoh.


The digestion technique used in this study was previously described by Fazly Ann et al. (2014). Fifty (50) grams of each muscle sample was minced and homogenized in 100 ml of distilled water using a blender. Before homogenisation, all the visible fat layers covering the muscles were removed. The homogenised sample was then transferred into a 250-ml beaker and was left to settle for 5 minutes. After discarding the supernatant, the remaining 50-ml sediment was digested with a 1.5% hydrochloric acid (HmbG®, Merck, Darmstadt, Germany) and pepsin (Sigma®, Missouri, USA) solution. The samples were then incubated for 12 hours at 30°C in a water bath (Memmert W350, Schwabach, Germany). The digested samples were then sieved through a nylon-meshed tea strainer and centrifuged for 5 minutes at 1500 rpm (Eppendorf Centrifuge 5804R, Hamburg, Germany). After removing the supernatant, a drop of the sediment was placed on a microscope slide and stained with Giemsa (Sigma®, Missouri, USA). The slide was then examined under a light microscope (Leica DME, Illinois, USA) at 400X power magnification for the detection of bradyzoites.

Macroscopically, all the samples were negative for macrocysts of the Sarcocystis spp. Microscopic examination of the heart, oesophagus and thigh muscle samples showed that sarcocysts with bradyzoites were observed in 26% (13 out of 50) of the heart muscle samples, 30% (15 out of 50) of the oesophagus muscle samples and 36% (18 out of 50) of the thigh muscle samples (Table 1). The prevalence rate showed that 58% (29 out of 50) of the pigs slaughtered in both of the local abattoirs in Perak were infected with Sarcocystis spp. (Table 2).


Table 1: Number (n) and percentage (%) of samples with sarcocystis bradyzoites detected in three different types of samples by the digestion technique.



	Type of sample
	Samples with positive sarcocystis bradyzoites




	n

	%




	Heart muscle (n = 50)
	13

	26




	Oesophagus muscle (n = 50)
	15

	30




	Thigh muscle (n = 50)
	18

	36






Table 2: Prevalence rate of sarcosporidiosis in pigs.



	Animal breed
	No. of animal (n)

	No. of infected animal (n)




	Yorkshire pig
	20

	8




	Landrace pig
	30

	21




	Total (N)
	50

	29
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Comparable to our results, using the pepsin digestion technique, Pereira and Bermejo (1988) reported that 43% of the pigs in Spain were infected with Sarcocystis spp. Similarly, in India, Saleque and Bhatia (1991) reported a prevalence rate as high as 67.98% (605 out of 890) in pigs infected with Sarcocystis spp. In another study in Punjab, India, the prevalence rate of pigs infected with Sarcocystis spp. was reported to be as high as 73.36% (168 out of 229) using the same peptic digestion technique (Avapal et al. 2004). However, in contrast, Rout and Saikumar (2015) reported that the prevalence rate of pigs infected with Sarcocystis spp. in Uttar Pradesh, India, was only 26.89% (32 out of 119). In other countries, sarcocysts were reported in 27.3% of pigs (9 out of 33) in Manila, Philippines (Claveria et al. 2001), and 16.3% of pigs (17 out of 104) in East Hokkaido, Japan (Omata et al. 1993). From these studies, it is apparent that Sarcocystis spp. is ubiquitous in many regions of the world.

Prestwood et al. (1980) have reported that Sarcocystis spp. in pigs can be detected using digestion techniques to reveal the zoites. Additionally, Dubey and Powell (1994) reported that Sarcocystis spp. could also be detected in the heart muscle of the pig using the digestion technique. According to Collins et al. (1980), they found that digestion techniques, and not histological methods, were more sensitive in the detection of Sarcocystis spp.

We found that the digestion technique was applicable for use as a first-line method in the detection of Sarcocystis spp. in pigs. The use of a combination of the digestion technique with a histological examination or molecular methods, such as a polymerase chain reaction, would be useful for species identification and classification.
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