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    Abstract: Research on the populations of rice grain bug Paraeuscosmetus pallicomis Dallas (Hemiptera: Lygaeidae) in paddy field ecosystems was performed with the aim to determine the populations of rice grain bug in weed-free paddy field, weedy paddy field, and paddy dykes. Experiment was carried out in the village of Paccellekang in the district of Patallasang of Gowa Regency in South Sulawesi, Indonesia. Observations were performed during the milky grain stage (85 days after planting), the mature grain stage (105 days after planting), and one day after harvest (115 days after transplanting). Results showed that 85 days after the transplanting, the populations of rice grain bug was significantly higher in the weedy paddy field compared to weed-free field and paddy dykes with total numbers of 1.75, 3.53, and 0.31 insects per 2 hills, respectively. Similarly, 105 days after the transplanting, 2.53, 5.53, and 0.11 insects per hill, respectively. However, one day after the harvest (115 days after transplanting) the number of insects in weed-free field decreased, while in the dykes increased, and the weedy plot still had the highest number of insects per 2 hills. Our results suggested that weeds played an important role in regulating the bug population by providing alternative shelter and foods for the insect.
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    INTRODUCTION


    The world population continues to rise steeply every year, this rapid growth must be balanced by a sufficient increase in food, clothing, and housing. Rice is the staple food for a majority of Indonesians, thus its availability must be preserved. National food security has experienced stagnation and is not yet adequate to fulfill the dietary needs of the country. In efforts to increase the production of rice, the influence of various biotic and abiotic factors plays a determining role. One such factor is plant-destroying organisms such as mice, rice white stemborers, brown planthoppers, rice tungro virus, and the attacks of new pests like the rice grain bug, Paraeuscosmetus pallicomis Dallas (Hemiptera: Lygaeidae) (Patta et al. 2009).



    Rice grain bug was reported for the first time attacking rice in North Sulawesi Province, Indonesia (Sembel 1991, Pelealu 1991). The presence of the insect was later on detected in the Provinces of East Kalimantan and East Nusa Tenggara (Rauf & Lanya 2009) and currently the insect has been reported from all districts in South Sulawesi (Wibowo 2009).


    The rice grain bug was first reported on rice in Mangkutana, the regency of East Luwu, but at that time it was not recognised as a rice pest. The insect was officially identified as a rice plant pest in 2009. Rice grain bug attacked an area of 397 hectares in Luwu, 37 hectares in East Luwu, 3 hectares in Palopo, and 171 hectares in North Luwu during the planting season of 2008 (Patta et al. 2009).


    Reproduction and population increase of the rice grain bug were swift. It is estimated that hundreds of hectares of paddy fields in South Sulawesi are at risk of crop failure as a result of rice grain bug attacks (Pajung 2010). The insect was also reported to have affected crops in the regencies of Wajo, Gowa and Pinrang. In Wajo, the insect affected thousands of hectares of crops (Risnandi 2011). Pinrang was only just experiencing the arrival of this pest; first sightings were reported in the village of Labbakkang (Yahya 2011).


    It is apparent that the presence of this pest over time is increasingly harmful to crop yield, and there is an immediate urgency to discover methods of controlling their spread in order to minimise further agricultural losses (Warouw et al. 1997).


    Use of insecticides has thus far proven to be the fastest and most effective means of suppressing the population of rice grain bug, however precautions must be taken to prevent excessive use of such chemicals to avoid economic drawbacks and environmental pollution (Warouw et al. 1997).


    In case of scarcity of primary target plants, most pests have alternative sources to feed from. For example, army cutworm prefers pinnate tansy mustard (Descurainia pinnata) over wheat; however, when wheat becomes scares the insect will switch to wheat and becomes pest (Capinera 2005). Therefore, the purpose of the current study was to determine the population rice grain bug in three different habitats, weed-free field, weedy field, and paddy dyke. Weed-free paddy field was a field in which weeds were mechanically removed weekly; weedy paddy field was a field where weed control was not applied; and paddy dykes were covered with weeds because herbages were allowed to grow throughout the research period.


    MATERIALS AND METHODS


    This research was carried out in the village of Pacellekang in the district of Patallassang in Gowa, South Sulawesi. Treatments were arranged in a randomised complete block design with three replications. The treatments were (1) weed-free paddy field: weeds were mechanically removed from the field; (2) weedy paddy field: weed control was not performed on these plots; and (3) paddy dykes: herbage was allowed to grow throughout the research.


    The fields for weedy and weed-free fields were tilled using a hoe and two-wheeled tractor (hand tractor). Seedling of rice cv IR-66 were transplanted from the nursery when the seedlings were 21 days old, with a planting space of 30 × 30 cm. Dead seedlings were replaced with rice seedlings of the same variety one week after the transplanting. Compound fertilizer (NPK) with a dose of 150 kg/ha was distributed evenly throughout the paddy fields. Pesticides were not applied during the study.


    Observation and Sampling


    Observations were performed three times: (1) when the crops had reached the milk grain phase about 85 days after planting; (2) when the crops reached the mature grain stage at about 105 days after planting; and (3) one day after harvest (115 days after planting). Rice grain bug specimens were collected with a 12-volt dust vacuum. Two rice hills served as a single sample unit; each sample unit was placed in containment moments prior to specimen collection. The containment was made from a 0.5m × 0.5m × 0.9m wooden framework wrapped in gauze. Vacuuming was performed on the leaves and stem of the rice. For the third observation period (115 days after planting (one day after harvest), vacuuming was performed on the ratoon crops. Rice grain bug collection from the paddy dykes was also done using the dust vacuum and containment. Vacuuming was performed on the soil surface and all vegetation over a 0.3 m2 area, which is about the area occupied by two rice hills. There were eight sample units for each repetition; the experiment was performed three times for each treatment, resulting a total of 24 sample units for each treatment or 72 sample units per observation period.


    For both weed-free and weedy paddy plots, four sample units were taken from the plot edges and four sample units from the plot centre. Those sample units taken from plot centre were at least 10 m from paddy dykes, and those sample units from plot edges were ± 1 m distance from the dykes. For the paddy dyke treatment, two sample units were taken from each dyke. Since each plot had four dykes, there were eight units per observation. It was necessary to enclose sample units and use a dust vacuum for specimen collection to ensure that all insects in a sample unit were gathered and rice grain bug population counts were accurate. All collected arthropods were placed into a collection bottle containing 70% alcohol. The arthropods were then brought to our laboratory to be sorted and counted.


    Rice grain bugs were counted and categorised based on their stage of development: imago, large nymph, medium nymph, and small nymph. The specimens were morphologically identified under a microscope (Stemi DV4 stereo microscope, Carl Zeiss, Germany). The insect’s nymph has 5 instars, instar 1–2, 3–4, and 5 are categorised into small, medium and large nymphs, respectively. The nymphs can be distinguished by their sizes: instar 1, instar 2, instar 3, instar 4, and instar 5 are approximately 1.5 mm, 2.0 mm, 3 mm, 5 mm, and 7 mm in body length, respectively (Rahayu et al. 2015). Besides that, the nymphal stadia can also be used to estimate the instars of the nymphs: instar 1, instar 2, instar 3, instar 4, and instar 5 last 2–5 days, 2–3 days, 2–3 days, 2–5 days, and 4–5 days, respectively (Lestari 2014).



    Data Analysis


    Data collected were analysed using ANOVA. A significant difference among treatments was detected then the treatment means were separated using a Duncan’s multiple range test at 0.05.


    RESULTS AND DISCUSSION


    During the vacuuming process, most insects present on the sample plants were collected. Other than the rice grain bug, several insect pests of rice such as rice brown planthoppers (Nilaparvata lugens Stal), rice green leafhoppers (Nephotettix spp.), and rice bug (Leptocorisa sp.) were present in the trial plots. In addition, several predatory insects such as coccinellids and lycosids; parasitoids such as braconids, and ichneumonids were also collected from the sample plants. Rice grain bug collected in this research were both nymphs and imagoes. Adult rice grain bug had a body length of 6.5–7.5 mm; almost their entire abdomen was covered by very hard, dark brown wings. When disturbed, imago would fly away or drop off to the ground. The nymph specimens were categorised based on their size: large and medium nymphs were about 7 and 3–5 mm in length. Medium nymphs were very active and travel by means of walking. Small nymphs were those that measured smaller than 2 mm and travel by means of walking and can drop off the plant when disturbed. Based on the body size, the small nymphs were instars 1 and 2, the medium nymphs were instars 3 and 4, and the large nymphs were instar 5 (Lestari 2014; Rahayu et al. 2015).


    There was a general trend that the greatest population of P. pallicornis was found in weedy field, followed by the weed-free field, and then the paddy dykes (Tables 1, 2 and 3). On the observations of 85 days and 105 days after transplanting, total number of insects, number of imago, number of large, medium, and small nymphs in weedy field was significantly higher than the population in paddy dykes but not significantly different from the population in weed-free field (Tables 1 and 2). These higher numbers of adults and large nymphs in weedy fields appear to be caused by two factors. The first factor is that rice grain bug invasions were probably initiated in weedy fields, and the second factor is the availability of food and environmental protection that a weedy field provides. Rauf (1996) noted that the rate of insect colonisation is influenced by the time of invasion and the availability of food and protection.


    The high density of vegetation in paddy dykes perhaps provided sufficient environmental protection for the rice grain bug, but the relative scarcity of food sources caused much lower population numbers in dykes compared to paddy fields. Conversely, weed-free fields had an abundance of food for the black rice bug, but perhaps provided less protection to the insect. This is in accordance to previous observations (Patta et al. 2009) concluded that rice grain bug have a tendency to hide or take cover in the stem of the paddy plant during the day, only becoming active to feed on the plant sap in the early evening.



    Table 1: Average number of rice grain bug per two hills at plant age of 85 days after transplanting.


    
      
        	Treatment

        	
          Average number per two hills

        
      


      
        	
          Imago

        

        	
          Big nymph

        

        	
          Medium nymph

        

        	
          Small nymph

        

        	
          Total

        
      


      
        	Weed-free field

        	
          0.29ab

        

        	
          0.42ab

        

        	
          0.54a

        

        	
          0.50a

        

        	
          1.75ab

        
      


      
        	Weedy field

        	
          0.92b

        

        	
          0.81b

        

        	
          1.00a

        

        	
          0.86a

        

        	
          3.53b

        
      


      
        	Paddy dykes*

        	
          0.06a

        

        	
          0.17a

        

        	
          0.08a

        

        	
          0.00a

        

        	
          0.31a

        
      

    



    Numbers followed by the same letter at the same column were not significantly different (P = 0.05, Duncan’s multiple range test).

    *Numbers of insect per 0.3 m2



    Table 2: Average number of rice grain bug per two hills at plant age of 105 days after transplanting.


    
      
        	Treatment

        	
          Average number per two hills

        
      


      
        	
          Imago

        

        	
          Big nymph

        

        	
          Medium nymph

        

        	
          Small nymph

        

        	
          Total

        
      


      
        	Weed-free field

        	
          0.67ab

        

        	
          0.75ab

        

        	
          0.64ab

        

        	
          0.47ab

        

        	
          2.53ab

        
      


      
        	Weedy field

        	
          1.75b

        

        	
          1.36b

        

        	
          0.97b

        

        	
          1.44b

        

        	
          5.53b

        
      


      
        	Paddy dykes*

        	
          0.06a

        

        	
          0.17a

        

        	
          0.00a

        

        	
          0.00a

        

        	
          0.11a

        
      

    



    Numbers followed by the same letter at the same column were not significantly different (P = 0.05, Duncan’s multiple range test).

    *Numbers of insect per 0.3 m2


    On the observation of 115 days after transplanting (1 day after harvest), although the bug population in weedy field was still the highest among the treatments, the number of insects in weed-free field decreased and in the dykes increased. Therefore, the numbers of insects in weed-free field was not significantly different from those in the dykes (Table 3). However, the numbers of adults were not significantly different amongst the treatments. This appeared to be caused by the disruptive effects of harvesting and the capability of imago to fly or migrate to other locations. These results indicated that paddy dykes serve as sinks for rice grain bug after crop harvest. In the rice paddy fields, Echinichloa spp., Cyperus spp., Eleusine indica, Vigna sesquipedales, and Paspalum conjugatum are weed species reportedly as alternative hosts of P. pallicornis (Conado 2013). The most abundant weeds in the study area were Echinichloa spp. and Cyperus spp. The weeds could serve as temporary hosts for the bug when rice is not available; however, when rice plants are available they will move to the main crops. Therefore, keeping weed populations low in rice production system, not only within the crop fields but also in the irrigation ditches and fence rows, is a recommended practice because those areas can become sources of insect infestation (Capinera 2001; Metcalf & Metcalf 1993).



    Table 3: Average number of rice grain bug per two hills at plant age of 115 days after transplanting.


    
      
        	Treatment

        	
          Average number per two hills

        
      


      
        	
          Imago

        

        	
          Big nymph

        

        	
          Medium nymph

        

        	
          Small nymph

        

        	
          Total

        
      


      
        	Weed-free field

        	
          0.21a

        

        	
          0.29a

        

        	
          0.17a

        

        	
          0.04a

        

        	
          0.17a

        
      


      
        	Weedy field

        	
          0.88a

        

        	
          1.17b

        

        	
          0.88b

        

        	
          0.83b

        

        	
          3.75b

        
      


      
        	Paddy dykes*

        	
          0.17a

        

        	
          0.19a

        

        	
          0.06a

        

        	
          0.08a

        

        	
          0.50a

        
      

    



    Numbers followed by the same letter at the same column were not significantly different (P = 0.05, Duncan’s multiple range test).

    *Numbers of insect per 0.3 m2


    Total population average of rice grain bug was significantly higher in weedy paddy fields after the harvest, apparently due to the higher numbers of medium and small nymph populations compared to weed-free fields and paddy dykes. Such high medium and small nymph populations in weedy paddy fields appear to be caused by high existing populations and the inability for the rice grain bug to swiftly migrate to other habitats at that stage of development. These may then become a rice grain bug population source that attack crops in the following season. The results of this research show very high rice grain bug populations in weedy paddy plots, thus weed control is necessary to suppress the bug populations. Similarly, paddy dykes serve as sinks for migrant rice grain bug and must be properly handled. If weeds or volunteer plants are not timely controlled, they can serve as sources for large numbers of insect pests and plant viruses transmitted by insect vectors that can migrate to other crops both in current and next planting seasons (Palumbo 2013).


    In summary, during planting season rice grain bug population was higher in weedy field compared to the weed-free field and paddy dykes. However, after harvest the population decreased in weed-free field, remained about the same in weedy field, and increased in dykes. The results suggested that weeds play important roles in regulating the pest population, therefore, weeds both in the field and dykes must be properly control to prevent high investation of the insect pest. However, weed plants can also serve as a refuge for other arhtropods that are natural enemies of insect pests, hence the presence of weeds in the field is beneficial to agricultural operation. Thus, future study should focus on the balance between controlling the bug by reducing the population of the weeds and maintaing the weeds for conserving the natural enemies.
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    Abstrak: Analisis isotop stabil telah digunakan secara meluas untuk mewujudkan hubungan trofik dalam pelbagai ekosistem. Kajian ini menggunakan tanda isotop stabil karbon dan nitrogen untuk mengenal pasti jaringan makanan akuatik dalam ekosistem sungai dan sawah padi di Perak, utara Semenanjung Malaysia, dan juga untuk menentukan struktur trofik jaringan makanan yang telah dikenal pasti. Nilai min δ13C untuk semua pengeluar berjulat dari −35.29 ± 0.21 hingga −26.00 ± 0.050‰. Nilai δ15N yang terbesar terdapat dalam ikan zenarchopterid dengan 9.68 ± 0.020‰. Nilai δ15N serangga akuatik berjulat antara 2.59 ± 0.107 dalam Elmidae (Coleoptera) dan 8.11 ± 0.022‰ dalam Nepidae (Hemiptera). Sehubungan dengan itu, dengan semua nilai δ13C dan δ15N yang telah direkod, ia boleh disimpulkan bahawa terdapat empat tahap trofik yang wujud dalam ekosistem air tawar yang bermula dengan pengeluar (tumbuh-tumbuhan), diikuti oleh konsumer primer (serangga akuatik dan ikan bukan pemangsa), konsumer sekunder (pemangsa invertebrata) dan akhir sekali konsumer tertier (pemangsa vertebrata).


    Kata kunci: Tanda Isotop Stabil, Tahap Trofik, Sungai, Sawah Padi


    Abstract: Stable isotope analysis has been used extensively to establish trophic relationships in many ecosystems. Present study utilised stable isotope signatures of carbon and nitrogen to identify trophic structure of aquatic food web in river and rice field ecosystems in Perak, northern peninsular Malaysia. The mean δ13C values of all producers ranged from −35.29 ± 0.21 to −26.00 ± 0.050‰. The greatest δ15N values noted was in zenarchopterid fish with 9.68 ± 0.020‰. The δ15N values of aquatic insects ranged between 2.59 ± 0.107 in Elmidae (Coleoptera) and 8.11 ± 0.022‰ in Nepidae (Hemiptera). Correspondingly, with all the δ13C and δ15N values recorded, it can be deduced that there are four trophic levels existed in the freshwater ecosystems which started with the producer (plants), followed by primary consumer (aquatic insects and non-predatory fish), secondary consumer (invertebrate predators) and lastly tertiary consumer (vertebrate predators).


    Keywords: Stable Isotope Signature, Trophic Level, River, Rice Field



    INTRODUCTION


    Freshwater ecosystems include rivers, streams, lakes, freshwater swamps, peat swamps, rice fields and pools. As rivers flowing to low reaches, their water quality, substrates and food sources for aquatic organisms altered as well. Food web studies have been used to understand linkage in energy flow between aquatic ecosystems and terrestrial ecosystems and integrate organic matter processing (Hershey et al. 2010). Different food sources are consumed by different faunas due to their morphology, digestibility and the hydrology.


    The stable isotope approach has become broadly used in ecology study, providing the possibility of obtaining objective and repeatable measures of trophic position, food chain and length omnivory (Cabana & Rasmussen 1994). The isotopic approach is based on isotopic concentration in the consumers’ tissues that resemble the isotopic composition in their diet (De Niro & Epstein 1978; 1981; Peterson & Fry 1987), which create of the relative contributions of isotopically different sources to the consumers’ diet (Fry 2006). Stable isotope of carbon (δ13C) is used to identify the ultimate source of carbon, or the primary energy source for a group of organisms or for an ecosystem (Fry & Sherr 1984), while nitrogen (δ15N) become enriched when transferred through a food web by means of feeding and predation (Peterson & Fry 1987).


    The study on establishment of food web structure via stable isotope analysis is neglected in Malaysia mainly due to lack of proper facilities or instruments. Earlier findings on trophic structure was rather general, where plants were the producers and animals were the consumers that inhabit higher trophic level. However, this information lacks specific taxa of the organisms living in a particular habitat, especially in rivers and paddy fields, as different species of consumer might consume different type of food. Nevertheless, the application of stable isotope analysis was previously used to determine nutrition of prawns in mangroves (Newell et al. 1995), food preference of the giant mudskipper (Zulkifli et al., 2012) and food web of mudflats (Zulkifli et al. 2014). Recently, Dhiya Shafiqah (2014) attempted to establish the food web of aquatic insects in forested tropical streams. Therefore, this study aimed to identify the food web and to generally construct the trophic structure in the freshwater ecosystems by using stable isotope analysis.


    METHODOLOGY


    Study Sites


    Samples for stable isotope analysis were collected from two different water bodies of rivers and rice fields (Figure 1). For rivers, samples were collected from four rivers in Bukit Merah, Perak, Malaysia: Batu Kurau River (04.54.17.400N, 100.49.59.900E), Ara River (05.05.25.500N, 100.51.10.700E), Jelai River (05.00.49.800N, 100.48.37.400E) and Ayer Hitam River (05.01.33.300N, 100.83.49.900E). For rice fields, samples were collected from three different rice fields in Perak, Malaysia with different paddy growth stages: rice fields of Sungai Haji Durani (tiller phase) (03.43.40N, 101.05.24E), Sungai Manik (post-harvest phase) (04.06.027N, 101.05.305E) and Kampung Felda Seberang Perak Changkat Lada (mature phase) (04.04.805N, 100.88.999E).
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      Figure 1: Map of study sites.

    


    Sample Collection and Preparation


    Ten samples in each sampling site were collected for this study. Several dominant families in each study area were collected to represent each trophic level in their food web. Samples of plants that represents the producer; aquatic macroinvertebrates as the primary and secondary consumer; and fish as tertiary consumer were collected randomly in all study sites for stable isotope analysis to compare the trophic levels in the food web. Samples preparation for the analysis was adopted from methods described by Jardine et al. (2003) and Salas and Dudgeon (2001). All collected samples were cleaned, oven dried at 50oC–60oC for two days and the tissues were ground into fine, homogenous powder using a mortar and pestle. Ground samples were kept in small vials and stored in freezer until they were analysed. Samples in powdered form were sent to Doping Control Centre (DCC) in Universiti Sains Malaysia, analysed for stable carbon and nitrogen isotopes that was measured with an elemental analyser (EA), connected to an isotopic-ratio mass spectrometer (IR-MS). Stable isotope analysis followed a standard procedure by Carter and Barwick (2011). Urea isotopic working standard (C-13, N-15) was used as the standard, while USGS40 and USGS41 (carbon and nitrogen isotopes in L-glutamic acid) was used as isotopic reference material (RM). By following the manual advised by Coplen (2011), USGS40 was used to plot a calibration curve of stable carbon (δ13C) and nitrogen (δ15N). The curve was used to calculate the unknown carbon- and nitrogen-bearing substances measured with an elemental analyzer (EA) and an isotope-ratio mass spectrometer (IRMS) by quantifying drift with time and quantifying isotope-ratio-scale contraction when used together with USGS41 L-glutamic acid enriched in 13C and 15N. A pair of USGS40 and USGS41 RMs can be used at the beginning, the middle and the end of the analysis sequence to enable satisfactory scale correction and correction of drift with time (Coplen 2011). These reference materials and blanks should be interspersed in between 10–15 samples. Each samples were replicated and measured twice to obtain the mean for each data. Isotopic compositions of carbon and nitrogen were expressed in δ notation (δ13C and δ15N) as part per thousand (‰) differences from international standards – Vienna PeeDee Belemnite for carbon and atmospheric N2 for nitrogen. Stable isotope data were expressed as the relative difference between ratios of a sample and a standard using the equation:
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    where X is δ13C or δ15N and R is 13C/12C or 15N/14N of sample or standard.


    Statistical Analysis


    Homogeneity of variances and normality of the samples were checked in all instances. Since the data was normally distributed, to determine where significant differences lay between the samples in the rivers and paddy fields and between trophic level, one-way ANOVA for each sample were tested with Tukey post hoc tests, for both δ 13C and δ 15N.


    RESULTS


    Stable isotope analysis was conducted on biological samples of plants, aquatic insects and fish available from the study areas. For each sample, the mean δ15N and δ13C values obtained displayed various degree of trophic position occurred in the rivers (Tables 1–2). The mean values of δ15N ranged between 2.59 ± 0.107‰ in Elmidae and 9.68 ± 0.020‰ in Zenarchopterid fish and for δ13C values ranged from – 33.08 ± 0.210‰ in Heptageniidae to – 15.03 ± 0.022‰ in Tipulidae.


    The δ15N values of vertebrate predators, i.e., fish recorded the greatest δ15N values among all consumers. As the values of δ15N increased with the increasing trophic levels, δ15N values of fish predators ranged between 7.63 ± 0.073 and 9.68 ± 0.020‰, which made them occupied the highest trophic level cum top predator and tertiary consumers in the aquatic food web (Figure 2). While the invertebrate predators, mostly the plecopterans, odonates and hemipterans scored δ15N values between 4.10 ± 0.010 and 8.11 ± 0.022‰, which made them lined below trophic level of fish, making them the secondary consumers in the food web. Following below them was the primary consumers, which were generally the herbivorous aquatic insects. They ranged from 2.59 ± 0.107 to 6.42 ± 0.214‰.



    Table 1: Stable isotope ratios of δ15N in ‰ (mean ± se) from biological samples in selected rivers in Bukit Merah.


    
      
        	

        	Samples

        	
          Rivers

        
      


      
        	
          Batu Kurau

        

        	
          Jelai

        

        	
          Ara

        

        	
          Ayer Hitam

        
      


      
        	Plants

        	Algae

        	
          -

        

        	
          -

        

        	
          5.05 ± 0.144

        

        	
          -

        
      


      
        	

        	Aquatic macrophyte

        	
          5.92 ± 0.398

        

        	
          5.79 ± 0.007

        

        	
          -

        

        	
          -

        
      


      
        	

        	Leaf litters

        	
          6.64 ± 0.378

        

        	
          3.68 ± 0.792

        

        	
          5.94 ± 0.165

        

        	
          5.02 ± 0.530

        
      


      
        	Insects

        	Heptageniidae

        	
          4.69 ± 0.279

        

        	
          4.50 ± 0.004

        

        	
          5.45 ± 0.006

        

        	
          -

        
      


      
        	

        	Tipulidae

        	
          2.83 ± 0.091

        

        	
          -

        

        	
          -

        

        	
          -

        
      


      
        	

        	Baetidae

        	
          -

        

        	
          -

        

        	
          -

        

        	
          2.75 ± 0.006

        
      


      
        	

        	Chironomidae

        	
          -

        

        	
          -

        

        	
          4.56 ± 0.081

        

        	
          -

        
      


      
        	

        	Elmidae

        	
          2.59 ± 0.107

        

        	
          4.47 ± 0.145

        

        	
          5.01 ± 0.082

        

        	
          -

        
      


      
        	

        	Hydropsychidae

        	
          3.71 ± 0.015

        

        	
          -

        

        	
          4.59 ± 0.340

        

        	
          4.41 ± 0.281

        
      


      
        	

        	Isonychiidae

        	
          2.96 ± 0.075

        

        	
          -

        

        	
          -

        

        	
          -

        
      


      
        	

        	Neoephemeridae

        	
          -

        

        	
          3.75 ± 0.055

        

        	
          -

        

        	
          -

        
      


      
        	

        	Philopotamidae

        	
          -

        

        	
          -

        

        	
          -

        

        	
          4.92 ± 0.014

        
      


      
        	

        	Stenopsychidae

        	
          4.07 ± 0.111

        

        	
          -

        

        	
          5.71 ± 0.098

        

        	
          6.42 ± 0.214

        
      


      
        	

        	Aphelocheiridae

        	
          -

        

        	
          -

        

        	
          -

        

        	
          4.13 ± 0.064

        
      


      
        	

        	Athericidae

        	
          5.52 ± 0.060

        

        	
          -

        

        	
          -

        

        	
          -

        
      


      
        	

        	Belostomatidae

        	
          -

        

        	
          6.78 ± 0.254

        

        	
          -

        

        	
          -

        
      


      
        	

        	Calopterygidae

        	
          -

        

        	
          6.81 ± 0.032

        

        	
          -

        

        	
          -

        
      


      
        	

        	Coenagrionidae

        	
          -

        

        	
          7.11 ± 0.004

        

        	
          -

        

        	
          -

        
      


      
        	

        	Dytiscidae

        	
          -

        

        	
          6.37 ± 0.024

        

        	
          -

        

        	
          -

        
      


      
        	

        	Gerridae

        	
          5.33 ± 0.111

        

        	
          -

        

        	
          6.68 ± 0.094

        

        	
          5.41 ± 0.028

        
      


      
        	

        	Gomphidae

        	
          5.14 ± 0.072

        

        	
          -

        

        	
          -

        

        	
          -

        
      


      
        	

        	Gyrinidae

        	
          -

        

        	
          -

        

        	
          7.11 ± 0.023

        

        	
          -

        
      


      
        	

        	Leptoceridae

        	
          -

        

        	
          6.45 ± 0.112

        

        	
          -

        

        	
          -

        
      


      
        	

        	Libellulidae

        	
          4.42 ± 0.024

        

        	
          5.95 ± 0.137

        

        	
          5.96 ± 0.009

        

        	
          4.41 ± 0.15

        
      


      
        	

        	Nepidae

        	
          -

        

        	
          8.11 ± 0.022

        

        	
          -

        

        	
          -

        
      


      
        	

        	Perlidae

        	
          5.44 ± 0.033

        

        	
          6.86 ± 0.062

        

        	
          6.98 ± 0.091

        

        	
          5.85 ± 0.146

        
      


      
        	

        	Polycentropodidae

        	
          4.10 ± 0.010

        

        	
          -

        

        	
          -

        

        	
          -

        
      


      
        	

        	Tabanidae

        	
          6.40 ± 0.098

        

        	
          -

        

        	
          -

        

        	
          -

        
      


      
        	Fish

        	Cyprinidae (Devario regina)

        	
          8.11 ± 0.043

        

        	
          -

        

        	
          8.93 ± 0.010

        

        	
          7.63 ± 0.073

        
      


      
        	

        	Syngnathidae

        	
          -

        

        	
          8.55 ± 0.021

        

        	
          -

        

        	
          -

        
      


      
        	

        	Zenarchopteridae

        	
          -

        

        	
          -

        

        	
          9.68 ± 0.020

        

        	
          -

        
      

    



    - = not available



    Table 2: Stable isotope ratios of δ13C in ‰ (mean ± se) from biological samples in selected rivers in Bukit Merah.


    
      
        	

        	Samples

        	
          Rivers

        
      


      
        	
          Batu Kurau

        

        	
          Jelai

        

        	
          Ara

        

        	
          Ayer Hitam

        
      


      
        	Plants

        	Algae

        	
          -

        

        	
          -

        

        	
          −26.00 ± 0.050

        

        	
          -

        
      


      
        	

        	Aquatic macrophyte

        	
          −26.18 ± 0.078

        

        	
          − 27.97 ± 0.125

        

        	
          -

        

        	
          -

        
      


      
        	

        	Leaf litters

        	
          −30.29 ± 0.074

        

        	
          − 31.11 ± 0.052

        

        	
          − 30.24 ± 0.374

        

        	
          − 29.62 ± 0.012

        
      


      
        	Insects

        	Heptageniidae

        	
          −22.13 ± 0.463

        

        	
          − 33.08 ± 0.210

        

        	
          − 25.48 ± 0.021

        

        	
          -

        
      


      
        	

        	Tipulidae

        	
          −15.03 ± 0.022

        

        	
          -

        

        	
          -

        

        	
          -

        
      


      
        	

        	Baetidae

        	
          -

        

        	
          -

        

        	
          -

        

        	
          −19.53 ± 0.040

        
      


      
        	

        	Chironomidae

        	
          -

        

        	
          -

        

        	
          −25.97 ± 0.109

        

        	
          -

        
      


      
        	

        	Elmidae

        	
          −20.68 ± 0.410

        

        	
          − 25.40 ± 0.002

        

        	
          − 27.81 ± 0.167

        

        	
          -

        
      


      
        	

        	Hydropsychidae

        	
          −20.14 ± 0.025

        

        	
          -

        

        	
          − 28.59 ± 0.072

        

        	
          − 22.69 ± 0.150

        
      


      
        	

        	Isonychiidae

        	
          −22.24 ± 0.023

        

        	
          -

        

        	
          -

        

        	
          -

        
      


      
        	

        	Neoephemeridae

        	
          -

        

        	
          −30.87 ± 0.030

        

        	
          -

        

        	
          -

        
      


      
        	

        	Philopotamidae

        	
          -

        

        	
          -

        

        	
          -

        

        	
          −23.08 ± 0.054

        
      


      
        	

        	Stenopsychidae

        	
          −21.43 ± 0.110

        

        	
          -

        

        	
          −26.89 ± 0.034

        

        	
          −22.52 ± 0.080

        
      


      
        	

        	Aphelocheiridae

        	
          -

        

        	
          -

        

        	
          -

        

        	
          −17.49 ± 0.033

        
      


      
        	

        	Athericidae

        	
          −21.61 ± 0.049

        

        	
          -

        

        	
          -

        

        	
          -

        
      


      
        	

        	Belostomatidae

        	
          -

        

        	
          −27.82 ± 0.008

        

        	
          -

        

        	
          -

        
      


      
        	

        	Calopterygidae

        	
          -

        

        	
          −30.99 ± 0.017

        

        	
          -

        

        	
          -

        
      


      
        	

        	Coenagrionidae

        	
          -

        

        	
          −29.52 ± 0.005

        

        	
          -

        

        	
          -

        
      


      
        	

        	Dytiscidae

        	
          -

        

        	
          −27.13 ± 0.070

        

        	
          -

        

        	
          -

        
      


      
        	

        	Gerridae

        	
          −18.15 ± 0.019

        

        	
          -

        

        	
          −25.18 ± 0.001

        

        	
          −23.22 ± 0.066

        
      


      
        	

        	Gomphidae

        	
          −19.40 ± 0.003

        

        	
          -

        

        	
          -

        

        	
          -

        
      


      
        	

        	Gyrinidae

        	
          -

        

        	
          -

        

        	
          −24.73 ± 0.023

        

        	
          -

        
      


      
        	

        	Leptoceridae

        	
          -

        

        	
          −29.77 ± 0.031

        

        	
          -

        

        	
          -

        
      


      
        	

        	Libellulidae

        	
          -16.87 ± 0.026

        

        	
          −29.93 ± 0.065

        

        	
          −26.86 ± 0.078

        

        	
          −21.85 ± 0.095

        
      


      
        	

        	Nepidae

        	
          -

        

        	
          −26.10 ± 0.052

        

        	
          -

        

        	
          -

        
      


      
        	

        	Perlidae

        	
          −16.60 ± 0.051

        

        	
          −28.33 ± 0.003

        

        	
          −25.36 ± 0.049

        

        	
          −22.09 ± 0.027

        
      


      
        	

        	Polycentropodidae

        	
          −22.98 ± 0.042

        

        	
          -

        

        	
          -

        

        	
          -

        
      


      
        	

        	Tabanidae

        	
          −20.75 ± 0.021

        

        	
          -

        

        	
          -

        

        	
          -

        
      


      
        	Fish

        	Cyprinidae (Devario regina)

        	
          −21.44 ± 0.036

        

        	
          -

        

        	
          −29.17 ± 0.010

        

        	
          −22.71 ± 0.064

        
      


      
        	

        	Syngnathidae

        	
          -

        

        	
          −28.83 ± 0.015

        

        	
          -

        

        	
          -

        
      


      
        	

        	Zenarchopteridae

        	
          -

        

        	
          -

        

        	
          −23.10 ± 0.828

        

        	
          -

        
      

    



    - = not available



    The δ13C signatures connote the significance of allochthonous and autochthonous sources of carbon. Assorted allochthonous leaf litters and autochthonous algae and aquatic macrophytes were expected to be the main basal food sources for the aquatic insects in the rivers. The average δ13C values for the leaf litters ranged from −31.11 ± 0.052 to −29.62 ± 0.012‰, while the autochthonous sources ranged between −26.00 ± 0.050 and −27.97 ± 0.125. So apparently, the amount of carbon in autochthonous food sources were greater than the allochthonous sources.


    Dual isotopic plot of carbon and nitrogen in Figure 2 illustrates the energy flow and trophic structure of all organic samples available in the rivers. In this dual plot, the organic plants were expected to be the main local primary producers. By referring to Figure 2, the nitrogen and carbon signatures of all aquatic insects were clumped closely together, ranging from 2.59 ± 0.107 to 8.11 ± 0.022‰ for δ15N signatures and from −15.03 ± 0.022 to −33.08 ± 0.210 for δ13C signatures. Hence, according to these carbon and nitrogen values, it suggested that there are four major trophic levels in this river ecosystem that started with the primary producers, followed by the herbivorous aquatic insects, invertebrate predators and ended with vertebrate predators. In other terms, plants ➔ aquatic insects ➔ aquatic insect predators ➔ fish predators.


    Aquatic insects composition in the rice fields varied considerably from that of the rivers. The aquatic insects that inhabit this type of freshwater ecosystem only consisted of collector-gatherers and predators (Tables 3–4). The mean values of δ15N ranged from 3.58 ± 0.16 in algae to 10.72 ± 0.05‰ in osphronemid fish, while the values of δ13C ranged between −35.29 ± 0.21 in algae and −23.59 ± 0.07 in Nepidae.
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      Figure 2: Dual isotopic plots of δ15N and δ13C of plants, aquatic insects and fish from rivers in Perak: 2 (a) Batu Kurau River, 2 (b) Jelai River, 2 (c) Ara River, 2 (d) Ayer Hitam River. Key of marker shapes: x – producers; circle – primary consumers; diamond – secondary consumers; triangle – tertiary consumers.

    



    Table 3: Stable isotope ratios of δ15N in ‰ (mean ± se) from biological samples in rice fields in Perak.


    
      
        	

        	Samples

        	
          Paddy fields

        
      


      
        	
          Sg. Hj. Durani

        

        	
          Sg. Manik

        

        	
          Kg. Felda Seberang

          Perak Changkat Lada

        
      


      
        	Plant

        	Algae

        	
          -

        

        	
          -

        

        	
          3.58 ± 0.16

        
      


      
        	Insects

        	Chironomidae

        	
          -

        

        	
          5.81 ± 0.06

        

        	
          4.91 ± 0.17

        
      


      
        	

        	Belostomatidae

        	
          -

        

        	
          5.57 ± 0.20

        

        	
          -

        
      


      
        	

        	Corixidae

        	
          -

        

        	
          2.58 ± 0.06

        

        	
          -

        
      


      
        	

        	Dytiscidae

        	
          -

        

        	
          3.54 ± 0.09

        

        	
          -

        
      


      
        	

        	Gerridae

        	
          7.75 ± 0.00

        

        	
          -

        

        	
          3.97 ± 0.03

        
      


      
        	

        	Libellulidae

        	
          5.87 ± 0.02

        

        	
          5.16 ± 0.01

        

        	
          -

        
      


      
        	

        	Nepidae

        	
          6.02 ± 0.00

        

        	
          6.22 ± 0.03

        

        	
          5.91 ± 0.26

        
      


      
        	Fish

        	Osphronemidae (Trichopodus pectoralis)

        	
          5.12 ± 0.03

        

        	
          -

        

        	
          -

        
      


      
        	

        	Osphronemidae (Parosphromenus deissneri)

        	
          10.72 ± 0.05

        

        	
          -

        

        	
          -

        
      

    



    - = not available



    Table 4: Stable isotope ratios of δ13C in ‰ (mean ± se) from biological samples in rice fields in Perak.


    
      
        	

        	Samples

        	
          Paddy field

        
      


      
        	
          Sg. Hj. Durani

        

        	
          Sg. Manik

        

        	
          Kg. Felda Seberang

          Perak Changkat Lada

        
      


      
        	Plant

        	Algae

        	
          -

        

        	
          -

        

        	
          −35.29 ± 0.21

        
      


      
        	Insects

        	Chironomidae

        	
          -

        

        	
          - 27.33 ± 0.05

        

        	
          −30.58 ± 0.10

        
      


      
        	

        	Belostomatidae

        	
          -

        

        	
          −27.49 ± 0.13

        

        	
          -

        
      


      
        	

        	Corixidae

        	
          -

        

        	
          −25.42 ± 0.03

        

        	
          -

        
      


      
        	

        	Dytiscidae

        	
          -

        

        	
          −30.18 ± 0.01

        

        	
          -

        
      


      
        	

        	Gerridae

        	
          −26.46 ± 0.02

        

        	
          -

        

        	
          −27.87 ± 0.06

        
      


      
        	

        	Libellulidae

        	
          −28.02 ± 0.21

        

        	
          −28.62 ± 0.01

        

        	
          -

        
      


      
        	

        	Nepidae

        	
          −27.14 ± 0.02

        

        	
          −26.28 ± 0.01

        

        	
          −23.59 ± 0.07

        
      


      
        	Fish

        	Osphronemidae

        (Trichopodus pectoralis)

        	
          −27.92 ± 0.03

        

        	
          -

        

        	
          -

        
      


      
        	

        	Osphronemidae

        (Parosphromenus deissneri)

        	
          −25.78 ± 0.05

        

        	
          -

        

        	
          -

        
      

    



    - = not available


    The values of δ15N of osphronemid fish, Parosphromenus deissneri recorded the greatest δ15N values of 10.72 ± 0.05‰, which made them the top predators in the rice fields. The chain was followed by the aquatic insect predators, mainly the odonates and hemipterans, with δ15N values ranged between 2.58 ± 0.06 and 7.75 ± 0.00‰. Beneath this trophic level was the primary consumers, i.e., the collectors (Chironomidae) that consume suspended particulate organic matters in the rice fields. Algae were located at the base of the food web as the primary producer, which contained enriched carbon (−35.29 ± 0.21‰) that act as the energy source for the aquatic insects inhabiting rice field waters.


    By referring to Figure 3, algae were positioned far at the base of the trophic structure and served as one of the main food sources. While the aquatic insects that clumped tightly on the dual isotopic plot acted as the primary (collectors) and secondary consumers (invertebrate predators), with δ15N ranged from 2.58 ± 0.06 to 7.75 ± 0.00‰ and δ13C ranged from −30.18 ± 0.01 to −23.59 ± 0.07‰. Nevertheless, the other fish species, Trichopodus pectoralis, had lower nitrogen values, as the same as the aquatic insects (5.12 ± 0.03‰) due to its herbivorous feeding mechanism. Therefore, based on the δ15N and δ13C values plotted, it was predicted that rice fields ecosystem also consisted of four major trophic levels, similar to river ecosystems, yet with simpler and less intricate food web, specifically, producers ➔ aquatic insects (and non-predatory fish) ➔ aquatic insect predators ➔ fish predators.



    There was a statistically significant difference between samples in all study sites as determined by one-way ANOVA (F (6, 62) = 2.69, P = 0.022) for δ15N and (F (6, 62) = 15.35, P = 0.000) for δ13C. Tukey post hoc test performed on one-way ANOVA for each sample established, where the values of δ15N and δ13C were differed between sites and trophic levels.
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      Figure 3: Dual isotopic plots of δ15N and δ13C of plants, aquatic insects and fish from rice fields in Perak: 3 (a) Sg. Haji Durani, 3 (b) Sg. Manik, 3 (c) Kg. Felda Seberang Perak Changkat Lada. Key of marker shapes: x – producers; circle – primary consumers; diamond – secondary consumers; triangle – tertiary consumers.

    


    DISCUSSION


    Analysing the stomach contents reveal the taxa of prey they consume during the right time preceding capture of animals (Munoz-Gil et al. 2013). However, in this method the movements of nutrients and matter through food webs and ecosystems are often difficult to observe or quantify (Polis 1991). Alternatively, stable isotope analysis is used to elucidate trophic relationships. Carbon and nitrogen stable isotopes are useful to trace energy sources and food web structure in ecosystems. It also shows the effects of anthropogenic stress on aquatic ecosystems (Bergfur et al. 2009). The stable isotope approach is based on the similarity of isotopic concentration in the consumers’ tissues to the stable isotopic composition of their diet (De Niro & Epstein 1978, 1981; Peterson & Fry 1987). Accordingly, it establishes the relative contributions of isotopically different sources to the diet of consumers (Fry 2006).


    The contents of both isotopes in organisms varied inconsiderably in different rivers. This might due to the impact from the nearby land uses towards the river and different basal resources they consumed. Changes in δ15N could specify changes in nutrient delivery to aquatic ecosystems (Cole et al. 2004). δ15N signatures of aquatic macrophyte and algae were higher than that of the insects suggested autochthonous origin (Salas & Dudgeon 2001). Decreasing in stream discharge during dry season would increase the concentrations of phosphate and nitrate in the river (Dudgeon 1984, 1992; Dudgeon & Corlett 1994), and hence might clarify high concentration of nitrogen in the producers although none of the seasons was included in this study. Moreover, Thomas and Daldorph (1994) stated that high nutrient availability is known to enhance primary production of filamentous algae and periphyton. Next, Heptageniidae (non-predatory, herbivorous scrapers) in Ara River contained the highest δ15N value of 5.45 ± 0.006‰ (4.69 ± 0.279‰ in Batu Kurau River; 4.50 ± 0.004‰ in Jelai River). During the sample collections, Ara River had numerous algae grown on the stony substrates that act as the potential food source for the heptageniids. According to Salas and Dudgeon (2001), high nitrogen content in the heptageniids might probably because of the abundance of autochthonous algae grown on the stone surfaces that could provide more energy for the insects. Such 15N-enrichment of autochthonous sources can be explained by nitrogen inputs from surrounding orchard (Macko & Ostrom 1994) in the human settlements. Indeed, as the nitrogen content increased with the increasing trophic levels, the predatory Cyprinidae’s δ15N content in present study was rather similar to the values reported for cyprinids in other study. For example, Dhiya Shafiqah (2014) found that the cyprinids in undisturbed rivers in Royal Belum State Park scored δ15N values of 8.45 ± 0.177‰.


    In freshwater ecosystems, the δ13C is often used to distinguish or trace the relative importance of allochthonous and autochthonous sources of carbon (Rounick & Winterbourn 1986). It only shows little variation among trophic levels (Fry 2006). Leaf litters, algae and aquatic macrophytes were expected to be the main source of organic carbon and nutrients for the aquatic organisms inhabiting the rivers. Among all sites sampled, Batu Kurau and Ayer Hitam rivers had more leaf litters as compared to Jelai and Ara River (which located at higher order stream) that provide allochthonous sources to the rivers. This can be likely linked to the shaded canopy cover in Batu Kurau and Ayer Hitam rivers. The increased allochthonous carbon input from the surrounding riparian vegetation in Batu Kurau and Ayer Hitam rivers would act as major source of organic carbon and nutrients for organisms within these sites and which is lacking at higher order stream reach. Leaf litters were also source of coarse and fine particulate organic matters for the collectors as they did not consume the plants directly. Previous studies by England and Rosemond (2004) and Kominoski et al. (2011) discovered that the composition of leaf litters influenced the structure and function of stream ecosystem by altering the nutrient content and energy transfer in the food web in forest stream ecosystem. Present study showed that leaf litters contained lower carbon signatures than the algae and aquatic macrophytes did, as autochthonous food source had more enriched carbon than allochthonous sources (Salas & Dudgeon 2001). Previous studies also observed similar carbon enrichment of autochthonous sources, as reported by Bunn et al. (1999), Dhiya Shafiqah (2014), Lester et al. (1995) and Thorp et al. (1998).


    Gregory et al. (1987) found the reduction of canopy cover had exposed stream surface to direct sunlight and thus influenced the aquatic invertebrates to use more autotrophic energy sources. In this study, Jelai and Ara rivers and also rice fields had open canopy covers. The increasing growth of aquatic vegetation had interrupted the aquatic invertebrate abundance and species richness by altering their functional role in the ecosystem, becoming the consumer of organic material and served as preys to larger organisms (Collier 2002; Nelson & Lieberman 2002; Quinn et al. 1997; Suren et al. 2003). Hence, supplementary to the allochthonous sources, as a primary producer was also represented by other two types of autochthonous sources: aquatic macrophyte (available in Batu Kurau and Jelai rivers) and periphytic algae (which grown abundantly in Ara River). Autochthonous foods had higher quality (with lower C/N ratios and higher essential fatty acids contents) than leaf litter (Lau et al. 2008, 2009) which probably accounted for their importance to consumers. In this study, the autochthonous carbon had more 13C-enriched than allochthonous sources. Algal foods also have a tendency to be the main energy source of stream consumers in the Neotropics (Brito et al. 2006; Bunn et al. 1999; March & Pringle 2003) and even in some temperate lotic ecosystems (Bunn et al. 2003; Delong & Thorp 2006; Torres-Ruiz et al. 2007).


    Higher nutrient availability could enhance primary production of filamentous algae and periphyton (Thomas & Daldorph, 1994) thus increasing the assimilation of dissolved inorganic carbon (CO2). Likewise, algae were reported to be the important primary producer in autochthonous pathway that supplied energy sources to aquatic insects (Newell et al. 1995). Consequently, 13C-enrichment of aquatic macrophyte and algae in Batu Kurau, Jelai and Ara rivers reflect the combined effect of light and nutrients on their growth in the environment.


    In contrast to the river ecosystem, only algae were found to be the basal food sources for the aquatic insects in rice field. Brito et al. (2006), Bunn et al. (1999) and March and Pringle (2003) stated that algae have a tendency to be the major energy source for aquatic consumers in the Neotropics and temperate ecosystems. The rice field offered a wide variety of conditions for the growth of algae. Several factors including high temperature, nutrient availability, conditions of soil, humidity and the ability of the algae to withstand desiccation (Roger & Reynaud 1979) favour the growth of algae in rice fields. According to Singh (1961) and Venkataraman (1972), the growth of algae contributed significantly to spontaneous fertility of paddy soils. Fogg et al. (1973) stated that since algae are capable of both photosynthesis and nitrogen fixation in aerobic conditions, such trophic independence regarding carbon and nitrogen, combined with a great adaptability to variations in edaphic factors, permits algae to be omnipresent and at the same time gives them a unique potential to contribute productivity in a variety of agricultural and ecological situations. In this study, plants (algae in Changkat Lada rice field) was trophically located as basal source with mean value of δ15N ~ 3.58 ± 0.16‰. Algae contained the most 13C-enriched food source with –35.29 ± 0.21‰ thus make it an essential primary producer in autochthonous pathway that provide energy source to the aquatic invertebrates (Newell et al. 1995).


    The use of δ15N as organisms’ trophic position tracer and organic source information (Peterson 1999) had shed light upon many difficulties in estimating trophic position (Vander Zanden et al. 1997). δ15N signifies the major energy flow pathways that offer a time-integrated measure of trophic positions, account for spatial and temporal variations in feeding at multiple levels in food web and detect trophic interactions that are otherwise would be unnoticeable (Vander Zanden et al. 1997).


    Aquatic insect family richness was greater in Batu Kurau River, later found to have the greatest canopy cover (60%). This suggested that increased canopy cover is related to creating more complex habitat for a wider variety for macroinvertebrates (VanDongen et al. 2011). Increased richness could be due to higher amounts of allochthonous input from the terrestrial landscape, which would also account for greater representation of the shredders, collector-gatherers and collector-filterers. The higher abundance of leaf litter in Batu Kurau and Ayer Hitam rivers created a larger energy source for the collector-gatherers and collector-filterers, which were represented in large number of Hydropsychidae and Stenopsychidae families. Less open areas supported the scrapers (Vannote et al., 1980) in Batu Kurau River. The aquatic insects ranged widely in their δ13C values, and typically were located trophically in the different level above the producers as primary and secondary consumers, but below the tertiary consumers (vertebrate predators). The wide δ13C range of aquatic macroinvertebrates indicated there were multiple food sources (plants or cannibalism) in the aquatic environment (the aquatic insects carbon signatures ranged widely from –15.03 to –22.98 in Batu Kurau River; –25.40 to –33.08 in Jelai River; –17.49 to –23.22 in Ayer Hitam River). In Ara River, the carbon signatures of aquatic insects did not vary widely upon consumers (–24.73 to –28.59 δ13C). This small range of δ13C values suggested a distinct utilisation of carbon sources for each individual.


    Generally, the collector-gatherer of Elmidae (in Batu Kurau River), Neoephemeridae (in Jelai River), Chironomidae (in Ara River) and Baetidae (in Ayer Hitam River) were located at the lowest trophic level among all aquatic insects group. Then, followed by other aquatic insect families comprised of different functional guilds (collector-filterer, shredder, scraper and predator). They were clumped closely together in the dual plot because they are positioned trophically in the same level and their large range of δ13C values implies different consumption of carbon sources for each individual. Furthermore, unlike P. desissneri, T. pectoralis had almost the same nitrogen value as the collector-gatherers (chironomid), which ranged between 4.91 to 5.81‰. This proved that T. pectoralis did not prey on other aquatic insects; in fact, they consume mostly plant matter and algae (Ambak et al. 2010). They are adaptable species that can survive in a wide range of biotopes; however, they tend to thrive best in slow-moving or still waters where submerged vegetation grows densely, for example, in rice fields, swamps and irrigation canals (Ambak et al. 2010).


    In the rice fields, collector-gatherers, particularly chironomid larvae, were the common primary consumer found in the study areas (Sg. Manik and Changkat Lada). Chironomidae are common insects during the wet phase of the rice growing season (Al-Shami et al. 2008) and reduced in abundance towards tiller and pre-harvest phase (Che Salmah & Abu Hassan 2002). In this study, the chironomid larvae present in paddy fields of Sg. Manik (post-harvest phase) and Changkat Lada (tiller) were quite low in abundance. This functional guild generally located at the lowest trophic level among all aquatic insects group, with δ15N ~ 5.81 ± 0.06‰ and 4.91 ± 0.17‰ in Sg. Manik and Changkat Lada, respectively; just above the algae with mean value of δ15N ~ 3.58 ± 0.16‰.


    Then, these primary consumers were preyed by the secondary consumers, which were the invertebrate predators, mostly of plecopterans, odonates and hemipterans. Their nitrogen signatures proved that they are located one trophic level above other aquatic insects, yet underneath the tertiary consumers, or the underwater top predators: the fish. Odonates tend to consume different types of insect to reduce prey overlapping among genera (Motta & Uieda 2004). Moreover, Odonata are also able to ingest various kinds of prey from different size classes (Dudgeon 1995). On the other hand, in this lentic ecosystem, there were only two functional feeding groups available, specifically collector-gatherer and predator; in which differed from lotic ecosystem. During post-harvest phase in Sg. Manik, the abundance of aquatic insect larvae was greatly reduced after the paddy plants were harvested and the field became almost dry. During this stage, Corixidae (Hemiptera) was found in large abundance in this rice field with 46.67% of the total individuals collected. They inhabit standing water and were omnivores feeding on algae, detritus and chironomid larvae (Yule & Yong 2004). Due to this feeding habit, they recorded the least δ15N value with 2.58 ± 0.06‰, which was lesser nitrogen signature than their prey: the chironomids. Dytiscids found in Sg. Manik rice field scored mean δ15N value of 3.54 ± 0.09‰ which also had lower nitrogen signature than the collector-gatherer. Even though they were carnivores, dytiscid beetles sometimes are scavengers too depending on the availability of the prey (Yule & Yong, 2004).


    Most hemipterans and libellulids (Odonata) were the aquatic insect predators based on their morphology and behaviour. The hemipteran families: Nepidae, Belostomatidae and Gerridae are efficient hunters and have been known to prey on aquatic insect larvae, small fish and tadpoles (Morse et al., 1994). They were presented at all study sites during both phases of paddy and they prefer calm, standing water of rice fields; especially the belostomatid bugs (Yule & Yong 2004). Libellulids (Odonata) occurred in both paddy phases: tiller and post-harvest. They inhabit not only fast streams and rivers but also wide range of still or sluggish waters; including pools, lakes and ponds. Their larvae were tolerant to wide fluctuations in surrounding environment conditions for example, temperature, oxygenation and pH (Yule & Yong 2004). The larvae of most libellulid species are voracious carnivores and are secretive, hiding among vegetation at the bottom (Gillott 2005), using their vision and/or mechanoreceptors to detect (Yule & Yong 2004) and ambush their prey. Naturally, the prehensile labium is shot out very rapidly to capture the target organisms. Libellulids from genus Orthetrum (found abundant in rice field of Sg. Haji Durani) feed on other odonates species (cannibalism) and sometimes even larger than themselves (Yule & Yong 2004).


    Concomitantly, fish families of Cyprinidae, Syngnathidae, Zenarchopteridae and Osphronemidae were the top underwater predator found in the study areas. The cyprinids prefer clear, shallow water with a sandy bottom. Batu Kurau, Ara and Ayer Hitam rivers provided excellent habitat for this family because the water was clear and there were only few areas with cobble substrate. Three species of cyprinids were sampled for this study: Devario regina (Queen danio), Rasbora caudimaculata (Greater scissortail) and Neolissochilus hendersoni (Copper Mahseer). The syngnathids: Doryichthys deokhatoides (Freshwater pipefish) however, preferred slow water current, grasses, roots or shore vegetation. Jelai River provided an ideal habitat for the syngnathids. The zenarchopterids: Zenarchopterus sp. (Freshwater halfbeak) preferred a shallow water column and would typically orient them into the water current and consume aquatic insect larvae and small insects that have fallen onto the water surface and these situations can be seen in Ara River. The Osphronemid: Parosphromenus deissneri (Deissner’s Liquorice Gourami) has been collected in Sg. Hj. Durani paddy field containing shallow, stagnant and muddy water. This species is chiefly a micropredator that feeds on aquatic invertebrates. As fish was assumed to be the top consumer in the river ecosystem, the isotopic model suggested by Post (2002) was used to calculate the estimation of trophic level of consumers.


    According to Fry (1988) and Peterson and Fry (1987), the distribution of nitrogen signatures was proved to be an indicator of trophic structure as the δ15N increases consistently with the increasing trophic level of consumers. In his study, Fry (1988) stated that in a food web, 15N increases much more regular, with fish generally having higher values than invertebrates and piscivorous fish having the highest δ15N values. This suggested that 15N is more reliable trophic indicator than 13C. Minagawa and Wada (1984) had proposed three assumptions in order to estimate the trophic position: 1) for every increasing trophic level, the trophic fractionation of δ15N is 3.4‰; 2) the trophic fractionation of δ13C is near 0‰ and 3) carbon and nitrogen move through the food web with a similar stoichiometry. Thence by following the assumptions, generally four trophic levels were determined in both water bodies: the producer (the plants), primary consumer (herbivorous aquatic insects and non-predatory fish), secondary consumer (predatory aquatic insects) and tertiary consumer (predatory fish). Similar findings have been reported in recent studies by Dhiya Shafiqah (2014) from Malaysia and VanDongen et al. (2011) from the US.


    CONCLUSION


    To conclude, the aquatic food web in freshwater ecosystems do have similar trophic structure in which, there are four major trophic levels identified in two different water bodies in this study. The “plants ➔ aquatic insects (and non-predatory fish) ➔ invertebrate predators ➔ vertebrate predators” pathways apply to both river and rice field ecosystems. In fact, rivers had more complex food web as the aquatic inhabitants in the rivers were more diverse, compared to the aquatic faunas in the rice fields. Basal food sources were more abundant too in the river and thus making the food web in the river ecosystems were more intricate. By studying specific taxa and trophic levels in the ecosystem and once the specific targeted species is identified, any further studies and conservation efforts of the top predators can be done effectively. Future works should widen the range and level of detail of sampling at different times and study sites in order to include other potential food sources for the aquatic inhabitants.
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    Abstrak: Populasi kelawar telah berkurangan dari tahun ke tahun disebabkan oleh aktiviti manusia seperti aktiviti pembalakan dan pemburuan. Oleh kerana faktor manusia dikaitkan dengan isu penurunan populasi dalam banyak spesies haiwan, strategi pemuliharaan berasaskan komuniti yang melibatkan masyarakat setempat diperlukan. Satu tinjauan secara bersemuka telah dibuat dalam kalangan penduduk di Pulau Pinang untuk menilai tahap pengetahuan dan kesedaran terhadap usaha pemuliharaan kelawar. Nilai-nilai demografi seperti umur, jantina, tahap pendidikan, tempoh masa pemastautin serta pendapatan bulanan mereka dikumpul, kerana kumpulan yang berbeza dalam pemboleh ubah ini mungkin mempunyai persepsi yang berbeza. Kajian mendapati bahawa kumpulan umur, tahap pendidikan dan pendapatan bulanan menunjukkan perbezaan yang ketara di kalangan responden. Walau bagaimanapun, tiada perbezaan penting lain yang ditunjukkan oleh jantina dan tempoh masa pemastautin. Pengetahuan tentang responden kelawar menunjukkan bahawa majoriti responden kurang mengutamakan pentingnya kelawar dalam ekosistem. Kajain mengesyorkan sistem perundangan yang lebih kuat, pendedahan terdahulu terhadap pendidikan alam sekitar, pelaksanaan perbandaran yang dirancang dengan baik dan program pemantauan jangka panjang untuk menguatkan usaha memelihara kelawar di Malaysia.


    Kata Kunci: Chiroptera, Strategi Pemuliharaan Berasaskan Komuniti, Demografi, Pulau Pinang


    Abstract: The population of bats has declined from year to year caused by human activities such as logging and hunting activities. Since the human factor is linked to the issues of population decline in many animal species, a community-based conservation strategy that involved local communities is needed. We conducted face-to-face surveys among residents in Penang Island to assess knowledge and awareness level toward bats conservation efforts. We collected demographic values such as age, gender, level of education, length of residency as well as their monthly income, since different group in these variable might have different perception. We found that age groups, level of education and monthly income have shown significant differences among the respondents. However, no other significant differences were indicated for by gender and length of residency. Respondent’s knowledge of bats showed that the majority of the respondents were less likely to value the importance of bats in the ecosystem. We recommended stronger legal system, earlier exposure towards environmental education, well-planned urbanisation implementation and long-term monitoring programs to strengthen efforts in conserving bats in Malaysia.


    Keywords: Chiroptera, Community-based Conservation Strategy, Demography, Penang


    INTRODUCTION


    The habitat loss and fragmentation of forest by human are recognised as important factors in influencing the decline of forest-dependent fauna (Kingston 2010). Southeast Asia, known as one of the world’s biodiversity hotspots of bats faces the same issue. Besides habitat loss, unregulated hunting of bats is also reported as primary reasons for the declining of bat abundance (Mohd-Azlan et al. 2001). Bats, which considered as wild exotic meat, are widely consumed in urban areas, especially in Southeast Asia (Bennett & Rao 2002). In Thailand, the world’s smallest bat species, Craseonycteris thonglongyai were dried and sold as souvenirs to the foreigners (Robinson 1995). Similarly, mounted specimens of many bat species were sold in souvenir shops in Vietnam (Lee et al. 2015) and bats were also trades in several markets in Laos (Francis et al. 1999).


    In Malaysia, the problems are similar. According to IUCN (2012), the population of Malaysian bats are decreasing in 26% of species and only 15% are still stable. In Sarawak, bats are shot by the Iban for sport or to eradicate bats from fruit plantations (Fujita & Tuttle 1991). Besides hunting, the primary threats to bats species include habitat loss and degradation through logging (Kingston et al. 2012). As human activities cause more destructive impact than natural effect, conservation efforts and a community-based conservation effort must be increased (Abd Mutalib et al. 2013).


    However, creating a conservation education to connect between people with nature is not easy (Reynolds & Braithwaite 2001; Abd Mutalib et al. 2013). Finding a balance between monetary with conservation value might be difficult, and requires an in-depth research especially on the areas’ of carrying capacity, demographic structures, and conservation interests (Humavindu & Stage 2014). Social demographics such as age, gender, level of education, monthly income and years at residence play an important role in the determination of the level of awareness towards wildlife and often act as behavioural predictors (Thornton & Quinn 2009; Loyd & Miller 2010; Mahmood-ul-Hassan et al. 2011; Shumway et al. 2014).


    This study was conducted in Penang Island, Malaysia that covers an area of 285 km² (Pradhan et al. 2012). This island is known as tourist hotspot and the second most important urban centre in Malaysia (Teo 2003). Unfortunately, the habitat loss due to urbanisation in Penang Island is rapidly increasing from year to year. Bats are responsive to urbanisation and are useful bioindicators of habitat quality (Fenton 2003). They have slow life histories (Barclay & Harder 2003) and are slow to recover from habitat change (Racey & Entwistle 2003). Since bats are specialist, they depend on the presence of trees for foraging and roosting in order for them to survive (Mayle 1990). Thus, conservation effort is urgently needed to reduce the impact of these threats on the bat species in Penang Island.


    However, conservation efforts for the non-game and non-charismatic wild creatures such as bats should not only focus on the environmental issues, but also on social and cultural matters (Enriquez & Mikkola 1997). Assessing resident’s perception and level of awareness toward bats in general based on their demographic structures, can provide important insight into how to improving urban wildlife management. Furthermore, the general public attitude towards bats has not been investigated extensively throughout the world (Mahmood-ul-Hassan et al. 2011). Thus, the purpose of this study are: (1) to determine the general perceptions and the level of awareness among local residents in Penang Island based on their age groups, gender, level of education, years at residence and monthly income and (2) to determine the conservation actions that local residents would be willing to take for future conservation program.
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      Figure 1: Map of the study sites where surveys were carried out in Penang Island, Malaysia.

    



    MATERIALS AND METHODS


    We conducted a social survey in a total of ten sampling sites in Penang Island; Persiaran Gurney (N 5°25'59.88", E 100°18'55.80"), Jalan Kebun Bungah (N 5°25'44.40", E 100°17'51.42") Jalan Lam Wah Ee (N 5°23'30.66", E 100°18'17.22"), Minden (N 5°21'20.52", E 100°18'1.80"), Bukit Jambul (N 5°21'22.85", E 100°16'48.34"), Kampung Sungai Pinang (N 5°23'28.02", E 100°11'38.34"), Kampung Jalan Baru (N 5°21'19.77", E 100°11'41.50"), Kampung Sungai Burung (N 5°19'18.71", E 100°11'51.09"), Pulau Betong (N 5°18'22.68", E 100°11'39.84") and Gertak Sanggul (N 5°16'52.93", E 100°12'0.79") (Fig. 1). Persiaran Gurney, Jalan Kebun Bungah, Jalan Lam Wah Ee, Minden and Bukit Jambul were located in urban area, while Kampung Sungai Pinang, Kampung Jalan Baru, Kampung Sungai Burung, Pulau Betong and Gertak Sanggul were located in rural area.


    We have developed a semi structured set of questionnaires for 150 respondents in Penang Island in 2014. We conducted the survey in Malay language, since most of the houses in the sites were predominantly by Malay native speakers. Enumerators that we have selected to assist the survey are highly understood on the concerns of bats’ conservation and able to explain it to the respondents if necessary. Since the enumerators have hands-on experience in bats study, the enumerators were required to simply explained to the respondents on the impact of bats’ conservation and the importance of this study. Respondents were chosen opportunisticaly and volunteer-based. Refusal to answer the questionnaire was usually due to insufficient of time. We chose our respondents based on several criteria. Only one respondent was chosen per home, respondents must be 18 years old and above, and agree to answer the questionnaires. We chose to use face-to-face surveys to allow the better understanding among the residents, with casual and guided manner (Doyle 2005; Senko et al. 2011). The questionnaire was designed to take less than ten minutes to complete and comprised both multiple-choice and short answer questions (Shumway et al. 2014). The data collection was confidential and the personal data of the respondents were not recorded (Abd Mutalib et al. 2013; Senko et al. 2011).


    Our aims were to determine the general perceptions and level of awareness based on their demographic structure and also their willingness to join in future conservation program. Demographic structure of this study comprise several variables such as age, gender, level of education, length of residency as well as their monthly income. We took into account these variables since different parameters within the variables might have different perception on local conservation (Dietz et al. 1998; Zelezny et al. 2000). Questionnaires comprised two sections, which are section (A) and section (B). Section (A) revolved around the demographic structure of respondents, while section (B) focused on the knowledge, perception and willingness to be involved in bats’ conservation efforts.


    Evaluation was done from each questionnaire answered by respondents using a specific scoring system based on social research methods by Bernard (2012) (Appendix 1). Respondents were given boxes to tick for multiple choice questions. We also inquired respondents to elaborate their choices for some questions. For questions that required respondent to tick as many as apply, marks were given for each box implicating the exposure that the respondents have received on bats conservation issues. Scoring system can be summarised as:


    [image: art]


    All data were tested for normality. Since the data is normally distributed (p > 0.05), we used parametric data such as one-way Analysis of Variance (ANOVA) to determine the data groups that varied significantly and Post-hoc Tukey test was then applied for each significant variable. All statistical analyses were performed by using a Microsoft Excel 2010 and JMP Pro 10.


    RESULTS


    There was a significant difference between age groups among respondents as determined by one-way ANOVA (F(2, 150) = 9.272, p < 0.05). Respondents aged between 51–70 years old obtained the highest score, while respondents aged between 18–30 years old showed the lowest score (Fig. 2). Figure 3 shows that there was also a statistical significance for level of education among respondents as determined by one-way ANOVA (F(3, 150) = 5.727, p < 0.05). Results revealed that respondents with level of secondary school was significantly higher (mean = 43.475 ± 2.263) and respondents with level of tertiary school was significantly lower (mean = 31.467 ± 2.007). Based on Figure 4, there was a statistically significant difference between respondent’s monthly income as determined by one-way ANOVA (F(3,150) = 6.087, p < 0.05). Tukey post hoc test revealed that respondents with monthly income between RM1,000 to RM2,999 was significantly different (mean = 46.333 ± 2.582) compared to respondents with monthly income of less than RM1,000 (mean = 33.315 ± 1.806). When respondents were asked about their opinion and their willingness to participate in conservation actions for bats, 23% of the respondents willing to join in awareness campaigns, 22% in distributing reading materials (e.g. brochures, magazines, newspaper and articles) on conservation of bats, followed by building artificial habitat for wild bats (19%) and both public road shows and encourage local with 18% respectively (Fig. 5).


    DISCUSSION


    Demographic structure is known as an important factor to be considered to increase the level of awareness and perceptions among local communities (Abd Mutalib et al. 2013). One of our key findings was that respondents aged at 51–70 years old have the highest score compared to respondents aged at 18-30 years old. A majority of the respondents aged at 51–70 years old were unemployed or pensioners with monthly income between less than RM1,000 to RM 2,999 and they lived in rural area (62.5%). When asked, respondents aged at 51–70 years old that were unemployed obtained their monthly income given by their children. The oldest age group seemed to be mostly aware of the bat conservation effort in accordance with other study describing that level of awareness of current wildlife and conservation issues increased as age increased (Thornton & Quinn 2009). In addition, older respondents lived in rural areas have more exposure to wildlife and they valued nature more than people lived in urban area (Thornton & Quinn 2009; Shumway et al. 2014). The respondents aged between 18–30 years have the lowest score and this result is similar to previous study that suggested younger respondents lack of desire of to learn about wildlife (Thornton & Quinn 2009). The majority of them live in urban areas (62.1%) since accessibility is much wider, especially for career-wise. When asked, younger respondents mostly have given time constraint as excuse that limited their opportunity to be concerned and observant towards environmental and wildlife issues. According to Miller and Hobbs (2002), individuals might assess and value wildlife depending on their daily routine, especially where they live and work.
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      Figure 2: Mean marks of the respondents based on age groups.
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      Figure 3: Mean marks of the respondents based on education level.
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      Figure 4: Mean marks of the respondents based on monthly income.
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      Figure 5: Respondents willingness to participate in possible conservation actions to mitigate threats.

    


    In terms of education level, respondents with secondary school level and aged between 18–30 years old (N = 30, 20.0%) obtained the higher score. The majority of the respondents with secondary school level and aged between 18–30 years old were in science stream (80%). In science stream for secondary school, respondents were taught about general science and biology specifically about knowledge of organisms. This results parallel to work done by Tikka et al. (2000) that found students of biology exhibited the most positive attitudes and the greatest level of knowledge concerning the environment. They also participated in many nature-related activities compared to students in other educational backgrounds. Study by Yilmaz et al. (2004) that focused on the views of elementary and middle school Turkish students toward environmental issues indicated that students with high exposure in science courses resulted in more positive attitudes toward environmental issues. Previous studies also proposed that environmental knowledge is an essential precursor of attitude formation (Kellert & Westervelt 1984; Kaiser et al. 1999) and increasing environmental knowledge may result in more positive pro-environmental attitudes. Thus, the higher level of education would not necessarily reflect the positive attitudes towards environment and wildlife issues, but the environmental knowledge is more important in shaping their positive attitudes towards environment.


    Another parameter, the monthly income has shown the significant difference in showing the respondent’s score of awareness regarding bat conservation. We found that there was a relationship between the monthly income and the level of education in this study. Most of the respondents with monthly income less than RM1,000 had at least secondary school level. Meanwhile, respondents with monthly income between RM1,000 to RM2,999 had at least tertiary school level. However, the result in this study showed that higher monthly income would not necessarily lead to increase of level of awareness among local communities.


    Based on behavioural theory, the human interest to change behaviour was depending on their positive perception and attitude toward wildlife (Vaske & Donnelly 2007). Besides, human attitudes toward most of the animals are influenced particularly by the species of animal (Mahmood-ul-Hassan et al. 2011). People throughout the world love colourful birds and pet animals such as cats and dogs, but they dislike invertebrates such as bats, rats, reptiles and owls (Bjerke & Østdahl 2004). The negative perception and attitude toward bats probably due to the fact that bats are small and unfamiliar to humans both behaviourally and morphologically (Davey 1994), bats are considered as pests, symbol of bad omen and are also considered as useless creatures in most people’s view (Mahmood-ul-Hassan et al. 2011).


    There was no significant difference between the score from the groups of male and female respondents as we developed this social survey. While Dietz et al. (1998) and Zelezny et al. (2000) indicated that female have more willingness to be involved in the nature conservation in general, we indicated that the similarities between the female and male respondents were based on few reasons. Since women in urban areas area more independent and mostly are working, obligation towards financial gain was almost similar to men. Thus, willingness to get involved might be similar to male respondents due to time constraints and lack opportunities. Unlike green sea turtles (Chelonia mydas) (Abd Mutalib et al. 2013) whose parts can be consumed such as meat and eggs, bats are not consumable and presumed as insignificant towards family environment and diet.


    As recommendation, efforts in conserving bat species should be concentrated on improving the legal status of bats, and such legislation should reflect the special needs of bats species. The urbanisation in urban area such as in Penang Island also should be well-planned since habitat loss is the most urgent threats to bat survival. We suggested that in the future, younger respondents will be more exposed to practical environmental education (EE) instead of only been taught about theory in the class to increase their awareness for the endangered animals. The role of mass media such as newspapers, television and the use of social media such as Facebook, Twitter and Instagram could also spread the message of the importance of bats. Inventories and long-term monitoring are needed for important sites to determine species distribution, habitat requirements and also key areas for protection. Strong collaboration between researchers, government agencies, non-governmental organisation (NGO), and most importantly participation by local citizens are vital in order to achieve successful conservation programmes.
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    APPENDIX


    Appendix 1: This scoring system is only use for part (B) Resident knowledge, attitudes and willingness to participate in conservation efforts. Marks stated in the brackets.


    Bats Awareness Survey


    (A) Social demographics


    1. In which age group do you belong?


    [image: art] 18-30


    [image: art] 31-50


    [image: art] 51-70


    [image: art] Over 70


    2. What is your gender?


    [image: art] Female


    [image: art] Male


    3. What is your highest level of education?


    [image: art] Primary school


    [image: art] Secondary school


    [image: art] Tertiary school (Dip/Degree)


    [image: art] Graduate (MSc/PhD)



    4. How long have you lived in Penang Island (urban / suburban)?


    [image: art] Less than 1 year


    [image: art] 1-10 years


    [image: art] 11-30 years


    [image: art] More than 30 years


    5. How much is your monthly income?


    [image: art] Less than RM 1, 000


    [image: art] RM 1,000 – RM 2,999


    [image: art] RM 3,000 – RM 4,999


    [image: art] More than RM5,000


    (B) Resident’s knowledge, attitudes and willingness to participate in conservation efforts


    6. Have you seen bats on or near your property?


    [image: art] Yes (10)


    [image: art] No (0)


    [image: art] Not sure (0)


    If yes, please explain


    _______________________________________________


    7. Do you know the importance of bats in our ecosystem?


    [image: art] Yes (10)


    [image: art] No (0)


    [image: art] Not sure (0)



    8. In your opinion, what (is) are the main threats to bats survival? (Tick as many as apply)


    [image: art] Habitat loss (5)


    [image: art] Logging (5)


    [image: art] Disturbance at cave roosts (5)


    [image: art] Building development (5)


    [image: art] Hunting (5)


    [image: art] No opinion (0)


    Others:(5) _____________________________________________


    9. Are you interested in joining any programs for conservation of bats?


    [image: art] Yes (10)


    [image: art] No (0)


    [image: art] Not sure (0)


    10. In your opinion, what can we do to conserve bats? (Tick as many as apply)


    [image: art] Distribution of reading materials on conservation (e.g. brochures, magazines, newspapers and articles) (5)


    [image: art] Building artificial habitat for wild bats (5)


    [image: art] Public road shows and campaigns (5)


    [image: art] Awareness campaigns in school (5)


    [image: art] Encourage local’s participation in conservation (5)


    [image: art] No opinion (0)


    Others:(5) _________________________________________
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    Abstrak: Dalam kajian ini, bifenthrin (Maxxthor SC, Ensystex Australasia Pty Ltd), imidacloprid (Prothor SC, Ensystex Australasia Pty Ltd) dan fipronil (Regent®50SC, Bayer) telah digunakan pada najis ayam yang dikerumuni oleh lalat Musca domestica secara semulajadi dalam satu kitaran penternakan ayam daging. Pengekstrakan rendaman pelarut (SDIE) telah digunakan dalam mengesan kompaun racun dan kemudian, kuantifikasi dan kualifikasi racun serangga pada keadaan bidang telah disiasat. Sampel telah dibersihkan dengan pengekstrakan fasa pepejal (SPE) dan dianalisis oleh Ultra-Performance Liquid Chromatography (UPLC) – sistem fotodiod pelbagai (PDA). Dalam kajian lapangan ayam, tiga racun serangga telah menunjukkan pengumpulan dalam tempoh penternakan ayam dan ia dicadangkan bahawa tiga racun serangga bertindak sebagai racun lalat dewasa walaupun digunakan pada najis ayam, ini telah disokongi dengan korelasi yang signifikan antara kenaikan sisa-sisa racun serangga kepada peratusan pengurangan daripada lalat dewasa (<0.05). Fipronil menunjukkan pengurangan lalat yang lebih tinggi berbanding dengan racun serangga yang lain, di mana kadar pengurangan berbanding untuk mengawal lalat pada akhir tempoh pembiakan ayam daging; fipronil, imidaclopril dan bifenthrin mengurangkan 51.51%, 28.30% dan 30.84% lalat dewasa, masing-masing.


    Kata kunci: Kaedah pengekstrakan, Ultra-Performance Liquid Chromatography (UPLC), najis ayam, Musca domestica (L)


    Abstract: In this study, bifenthrin (Maxxthor SC, Ensystex Australasia Pty Ltd), imidacloprid (Prothor SC, Ensystex Australasia Pty Ltd) and fipronil (Regent®50SC, Bayer) were applied on the natural infest manures according to the manufacturer rate during a broiler breeding cycle. Solvent direct-immersion extraction (SDIE) was used in detecting the target compound and later, quantification of the insecticide residues in field condition was investigated. The samples were prior cleaned up by solid-phase extraction (SPE) and analysed by Ultra-Performance Liquid Chromatography (UPLC) – photodiode array (PDA) system. In the field trial, three insecticides were showed accumulation during the broiler breeding period and it is suggested that they acted as adulticides when applied on the poultry manures, this is supported by the significant correlation between the increment of insecticide residues to the reduction percentage of adult flies (<0.05). Fipronil showed significantly greater reduction on the adult fly compared to the other insecticides, in which the reduction rate compared to control population at the end of the broiler breeding period; fipronil, imidaclopril and bifenthrin reduced 51.51%, 28.30% and 30.84% of adult flies, respectively.


    Keywords: Extraction method, Ultra-Performance Liquid Chromatography (UPLC), poultry manure, Musca domestica (L)


    INTRODUCTION


    Insecticides application is a common approach in poultry unit of Malaysia for controlling the population of the major pest, house fly, Musca domestica L (Diptera; Muscidae) (Ong et al. 2015). Department of Veterinary Services (DVS) Malaysia have reported some of the poultry farms in Malaysia were applied termicides to protect the wooden poultry houses and at the same time, controlling the house fly population. Nevertheless, the efficacy of the termicides toward the house fly is little been studied in Malaysia, although some of them have been used for controlling the adult fly (Diclaro et al. 2011, Khan et al. 2013). To assess the efficacy and safety of an insecticide, analysis of the insecticide residues on the treated poultry manures is crucial to the efficacy evaluation (Page et al. 1988). Yet the effectiveness of the insecticide residues in poultry manures towards the house fly are vague due to the limited reported residues detection methods. Although some standard organisation such as Environment Protection Agency (EPA), America Standard Testing Methods (ASTM) and America Official Analytical Chemists (AOAC) propose some standard methods for study the insecticide residues, but these methods are focusing on soil, water, agricultural products or food (AOAC method 2007, ASTM method E1527, 2013), excluding poultry manures.


    Therefore, in this study, the residues of three insecticide; bifenthrin, imidacloprid and fipronil were prior studied using solvent direct-immersion extraction (SDIE) in extracting the residues in poultry manures and subsequently, quantified using Ultra-Performance Liquid Chromatography (UPLC) then compared the efficacy infield. The study aim to study the residues efficacy in controlling house fly on poultry farm Malaysia.


    MATERIALS AND METHODS


    Chemicals


    The insecticides that were used in this study was based on the information provided by Department of Veterinary Services-DVS that the insecticides had been used by the poultry farms of Perak, Malaysia in 2013. The insecticides were used as the technical grade products as detailed in Table 1.



    Table 1: Insecticide residues in respond to the larval infestation area and scudder grill (means ± s.e.), and the correlation between the residues and the scudder grill reduction
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    # The 4th week is defined as the end of the broiler breeding period, the larval and adult population were compared at the end of broiler breeding period.

    * n = 5, Not significant at level of 0.05

    Different alphabet indicates significant different (p ≤ 0.05), n = 5

    ** The scudder grill reduction was the comparison of scudder counts between the treatment houses to the control house (no insecticide treatment)

    S.E. = Standard Error

    ppm = part per million



    For residues study in Ultra-Performance Liquid Chromatography (UPLC), high purity insecticides were used as standard. Bifenthrin (Fluka, 98.5%), fipronil (Fluka, 97.9%) and imidacloprid (Chem Service, 99.5%) were acquired from Sigma-Aldrich Malaysia whereas, the solvents: dichloromethane, acetone and hexane (Fisher Chemical, Malaysia) used for extraction were technical grade. For UPLC analysis, HPLC grade of acetonitrile (Fisher Chemical, Malaysia) and ultra-pure water from Milli-Q® purification system were used.


    For the field trial, technical grade products Maxxthor SC (Bifenthrin 10%, Ensystex Australasia Pty Ltd), Prothor SC (Imidaclopril 20%, Ensystex Australasia Pty Ltd) and Regent®50SC (Fipronil 5.0%, Bayer) were treated on the natural infected poultry manures according to their manufacturer recommended rate.


    Residues Detection


    To validate the insecticides detection, five standards ranging in concentrations of 50 to 500 ppm were prepared by weighing the analytical grade of bifenthrin (Fluka, 98.5%), fipronil (Fluka, 97.9%) and imidacloprid (Chem Service, 99.5%) in a 25mL volumetric flask and acetonitrile (HPLC grade, Fisher Chemical, Malaysia) was used as solvent. Later, the solutions were prior filtered by 0.20µm syringe filters (Acrodisc®, Pall Corporation) before transferred to the glass vial for UPLC analysis.


    SDIE (Solvent Direct-Immersion Extraction)


    Solvent direct-immersion extraction (SDIE) was modified from CDFA (2011) and Hernandez et al. (2012). Five grams of sample was weighed and put into a 100 mL beaker with 20 mL of solvent made up of acetone: water: specific solvent in the ratio of 1:1:2. The specific solvent was referred to as high solubility of active ingredient for the respective insecticide based on Toxicology Data Network, TOXNET (2015). Imidacloprid was more soluble in dichloromethane (at 20ºC: dichloromethane 67 g/L), bifenthrin was highly soluble in hexane (at 20ºC, >600 g/L), and filpronil more soluble in acetone (at 20ºC, 545.9 g/L). The samples with the solvent were homogenised using a table shaker at 200 rpm for 2 h and immersed for 24 h. During the immersion, the samples were covered with aluminum sheets and black coloured plastic covers to prevent photo-decay of the compound. After the immersion, the top solvent layer was moved to a clean 10 mL centrifuge tube and subjected to centrifugation using Hettich Universal 320 (Hettich Zentrifugen, UK) at 2000 rpm for 5 min. The centrifugation was repeated twice before the supernatant proceeded to the clean-up and concentrated stages.


    Clean-up and Concentrated Stages


    Method EPA 3660c was applied for the clean-up stage. Solid-phase extraction (SPE) C-18 (Supelclean™ ENVI™-18 SPE wt. 500 mg, volume 6 mL) was preconditioned by 4 mL of methanol then 5 mL of ultra-pure water and vacuumed until dry. Five milliliters of supernatant from SDIE were loaded to the SPE, at the rate of 1 drop/s and the filtrate was concentrated until dry at 55 ± 5°C in a ventilated oven. The dried remains were reconstituted in one milliliter of acetonitrile in the amber glass vials for UPLC analysis.


    UPLC (Ultra-performance Liquid Chromatography) Analysis


    There are methods that have been employed to measure residues of insecticide prior to this study, such as gas chromatography-mass spectrometry (GC-MS) and high performance liquid chromatography (HPLC) (Obana et al. 2003). However, GC is a poor method of doing this due to the weak volatility, polarity and thermal instability of the insecticides. In contrast to GC, LC is more effective and appropriate for the residual analyses of insecticides and in this study, ultra-performance liquid chromatography (UPLC) was applied for compound detection and quantification of the insecticide.


    The compounds-imidacloprid, befenthrin and fipronil were analysed using an ACQUITY UPLC™ WATER® system consisting of a PU-1580 pump coupled to an HG-1580-31 mixer and an photodiode array (PDA) detector with programmable excitation and emission wavelengths. Separation was achieved using an ACQUITY UPLC™ BEH C18 Column (1.7 µm x 2.1 mm x 100mm). The premixed mobile phase used 20% water in methanol at a flow rate of 0.1 mL/min and the injection volume was 5µL. The PDA detector was set with an excitation wavelength of 270 nm for Imidacloprid, 204nm for bifentrin and 280nm for fipronil. The initial mobile phase of water/acetonitrile was 30:70 (v/v) for imidacloprid, 60:40 (v/v) for bifentrin, and 30:70 (v/v) for fipronil (Baskaran et al. 1999, Saran et al. 2008).


    Calculation


    The quantitative measurement for the insecticide’s residue followed that of CDFA (2011):


    [image: art]


    Field Test of the Insecticides and Measurement of Residues


    Location


    The study was conducted from March to June 2014 on a broiler breeder poultry farm in an oil palm plantation in of Ayer Tawar, Perak, Malaysia, at the coordinates 4°21'20.48"N, 100°48'02.59"E. The farm occupies an estimated 10 hectares and contained 16 high-rise wooden poultry houses that measured approximately 60 m long, 10 m wide and 12 m high. Manure accumulated below the houses at depths of 0.5–1.0 m and was removed after the breeding cycle (32-40 days after the introduction of one-day-old chicks).


    Insecticide residues study


    Samples of 300–500 g of manures were taken before each insecticidal treatment for residue study. The study of the insecticide residues were based on the significant sensitive extraction methods, which is the SDIE. Therefore, the samples of manures that were taken before each treatment in the testing period were extracted and cleaned-up as described in section of SDIE and Clean-Up and Concentrated Stages, respectively and detected by UPLC and the quality was calculated as the formula in section Calculation.


    Insecticides application


    The treatment was started on the 10th to 12th day after the introduction of one-day-old broilers due to the removal of heat-retaining cloths and manures were begin to accumulate.


    The investigation of quantification and qualification of the insecticides in field was evaluated by applying the insecticides, bifenthrin, imidacloprid and fipronil (Table 1) on the naturally infested manures, which measured in 5 × 8m2 at the manures accumulation site under the high-rise broiler poultry houses. Three insecticides were treated on three separated poultry house, respectively and the manufacturer-recommended dose was used for each application. The insecticides were dispersed using a polycarbonate hand sprayer (Mesto® Maxima, Germany). The sprayer was equipped with a 1.10 nm hollow cone nozzle that delivered a cone-shaped spray with low drift and was adjustable to a maximum pressure of 3 bars. The sprayer was also equipped with an 80 cm spray wand and 250 cm spiral hose that delivered the liquid at a rate of 4.5 litres per minute. A pressure indicator permitted the observation of the pressure in the spray tank.


    Control for the house fly population usually executed as weekly based interval (WHO, 1986, Williams, 2010) although it might also depends on the insecticides manufacturer recommendation. Nevertheless, the application interval for this study was fixed at 7 days, this is also a common treatment interval for the local poultry owner in controlling the house fly larva (personnel communication).


    The control of this study consists of a poultry house that is not treated with any insecticides during the testing period. The treatment houses were aparted to the control house at least 100 m (bifenthrin, imidacloprid and fipronil are aparted 500m, 180m and 800m, respectively to the control house) and oil palm trees that were located between the houses were served as boundaries to prevent major migration of the flies.


    Testing plot was defined as a treatment area of 5 × 8 m2 of the manure surface where manure accumulation begins. The testing plot consisted of three separated area represented as three replicates. The larval population density in the test plot was defined using infection areas (m2), which were measured using a 50 × 50 cm quadrate square with a 10 × 10 cm grid and five quadrates per testing plot were assessed. For adult population density measurements, a scudder grill (Scudder, 1947) measuring 50 × 50 cm was used to sample the adult fly population. This method is the standard for measuring fly populations in many control programs because it neither repels nor attracts flies (WHO, 1983, Bong and Zairi, 2009). Five counts were obtained from the area near the testing plot where flies aggregated.


    Statistical analysis


    For the efficacy of insecticides in field trial, the larval infection area and the adult fly scudder counts of the treatment houses at the end of the breeding period (4th week) were compared to the control population using One–Way Analysis of Variance (ANOVA) in SPSS 17 the significant differences between means were determined by least significant difference (LSD) at p ≤ 0.05.


    The residues of the insecticides were direct-proportional to the reduction of adult flies by observation, therefore the correlation between the quantitative (residues) of insecticides and the adult fly population reduction (treatment population compared to the control population) in percentage was studied using Pearson Correlation at α = 0.05. The scudder grill count reduction percentage were prior transformed by arnsin-square root and subjected in SPSS 17.0 Pearson Correlation at α = 0.05.


    RESULTS


    In general, three insecticides demonstrated residual accumulation during the treatment period and the residues at the end of the treatment period showed increment compared to the beginning of treatment period. The residues in the manures for the 4 times treatment is presented in Figure 1, in which imidacloprid, bifenthrin and fipronil increased 39 folds, 0.24 folds and 1.05 folds, respectively at the end of the treatment period.


    The effectiveness of the insecticides was represented by the comparison of population between the treatments and control houses at the 4th week of the study. For larvicidal effects of the insecticides, the larval density was represented by their infestation area as suggested by WHO (1986). As can be seen in Table 1, three insecticides demonstrated weak effect on the larva at end of the treatment period (4th week), in which imidaclopril and bifenthrin showed 31.82% and 33.33% increment, respectively while fipronil reduced only 10% of the infestation area. The larval infestation area is detailed in Table 1.


    As can be seen in Table 1, Imidacloprid and bifenthrin have a fairly weak reduction percentage for the adult flies during the treatment period. Despite of these, fipronil, which is not a commonly used insecticide in controlling house fly program, showed as much as 51.51% reduction of adult flies compared to the control house. As the residue increase, the reduction percentage increased, therefore, the relationship between the residues and the reduction percentage (transformed by arcsine-square root) for each treatment were studied by Pearson correlation at significant level <0.05. In overall, the residues showed strongly positive correlation with the reduction percentage of adult flies (Table 1).
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      Figure 1: Insecticide residues according to the treatment week

    


    DISCUSSIONS


    Although previous studies had documented the methods for extracting certain insecticides from semi-solid sludge, but bio-waste such as poultry manure was poorly been studied, even insecticidal application on the manures is common for controlling the house fly larval. By using specific solvent system, SDIE provided more reliable detection limit to measure the insecticide residues in this study. The higher detection limit of SDIE was due to the specific solvent system that based on the solubility of the insecticides, as suggested in King (1980), where a solvent selection in an extraction method should consist of high capacity to the target compound. Imidacloprid and fipronil are considerable polar insecticides (514ppm/L and 1.9mg/L in water, respectively) and therefore, they are more soluble in methanol and acetone, respecively. Bifenthrin, a non-polar compound was more soluble in non-polar solvent such as hexane, isooctane and dichloromethane (PubChem).


    Three of the insecticides were found accumulated during the 4 weeks application period and the high persistency could be due to their higher half-life time, which bifenthrin, imidacloprid and filpronil are having 65 days, 38.9 days and 125 days, respectively (EPA 1999, CDPR 2014). Other important factors that would also affect the degradation of the insecticides are microbes activities in the medium and the properties of the insecitides (Singh et al., 2003, Gilani et al. 2010). Additionally, bifenthrin was also very low water solubility and high affinity as residue in soils (EPA 1999).



    The unsatisfied effect of imidacloprid and bifenthrin on house fly in the present field trial might because of the mechanism and mode of the insecticides. Although imidacloprid was studied by numerous researches but mainly oral poisoning was demonstrated (Kaufman et al. 2006, Nurita et al. 2008) as a bait (for example QuickBayt®) for used against the adult fly. The reasons of inefficiency of bifentrhin in controlling house fly larval might due to the common practice as the target stage for pyrethroid was adult stage (WHO 1986). Additionally, although bifenthrin is declaimed to have a greater photostability (Mokry & Hoagland 1989), but the research of Peck et al. (2013) had demonstrated the insecticidal effect of bifenthrin was greatly reduced after exposed to the sunlight for 3 weeks. The inference for the ineffectiveness of bifenthrin could due to the degradation of the compound after exposed to the sunlight. Whereas, fipronil showed minor reduction to the larva population, which reduced 9.09% of larva population compared to the control. Furthermore, the low reduction of imidacloprid and bifenthrin can be due to the dilution of dose because of the accumulation of manures. This is supported by situation of manures accumulation and rich microbes that will enhance the biodegradation process and causing lower residue efficacy (Singh et al. 2003, Gilani et al. 2010). On the other hand, the slow-acting, fipronil was commonly applied as bait for the control of termite, is firstly studied for used against the house fly in Malaysia, although numerous attempts have had be done for controlling the adult flies (Diclaro et al. 2011, Khan et al. 2013).


    This was suggested the insecticides tested in this study act more likely as adulticides on poultry manures. It is supported as the reduction percentage of adult flies was significantly correlated with the residue of the three insecticides. Even though the imidacloprid and bifenthrin reduced adult fly by 28.30% and 30.84%, respectively compared to the control house, nonetheless, fipronil reduced greatly (51.51%) of fly population compared to the control population.


    CONCLUSIONS


    In field trial, as the strong correlations between the residues and adult flies reduction suggested the tested insecticides act more as adulticide when applied on the poultry manures. Fipronil is a potential insecticides for controlling house fly in Malaysia, future attempts should be focused on the application mode (residue or bait).
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    Abstrak: Burkholderia pseudomallei adalah bakterium kediaman tanah yang menyebabkan penyakit muncul secara global yang dikenali sebagai melioidosis. Dianggarkan satu pertiga daripada gen siliko di dalam genom dikelaskan sebagai gen hipotesis. Kumpulan gen ini sukar untuk dicirikan secara fungsional, sebahagiannya disebabkan oleh ketiadaan fenotip yang ketara di bawah tetapan makmal konvensional. Kajian bionformatik gen hipotetikal menunjukkan gen yang ditetapkan sebagai BPSL3393 yang menguraikan protein kecil 11 kDA dengan domain mengikat CoA. BPSL3393 dipelihara dalam semua genom B. pseudomallei serta pelbagai spesies lain dalam genus Burkholderia. Dengan mengambil kira bahawa CoA memainkan peranan metabolik di mana-mana dalam semua bentuk kehidupan, pencirian BPSL3393 mungkin mendedahkan ciri metabolik B. Pseudomallei yang sebelum ini terlepas pandang. Gen ini dipadamkan dari genom menggunakan pendekatan penggabungan semula homolog berganda yang menghasilkan mutan null. Mutan BPSL3393 tidak menunjukkan perbezaan kadar pertumbuhan dengan jenis yang liar di bawah keadaan pertumbuhan yang kaya dan minima. Ujian fenotip metabolik yang meluas dilakukan dengan melibatkan 95 substrat metabolik. Pemotongan mutan BPSL3393 teruk terjejas dalam metabolisme etanolaminanya. Kadar pertumbuhan mutan itu dilemahkan apabila etanolamina digunakan sebagai sumber karbon tunggal. Analisis transkrip gen metabolisme etanolamina menunjukkan bahawa mereka telah dikawal dalam mutan BPSL3393. Ini seolah-olah menunjukkan bahawa fungsi BPSL3393 sebagai pengawal selia positif untuk metabolisme etanolamina.


    Kata kunci: Burkholderia pseudomallei, BPSL3393, etanolamina



    Abstract: Burkholderia pseudomallei is a soil-dwelling bacterium that causes a globally emerging disease called melioidosis. Approximately one third of the in silico annotated genes in its genome are classified as hypothetical genes. This group of genes is difficult to be functionally characterised partly due to the absence of noticeable phenotypes under conventional laboratory settings. A bioinformatic survey of hypothetical genes revealed a gene designated as BPSL3393 that putatively encodes a small protein of 11 kDA with a CoA binding domain. BPSL3393 is conserved in all the B. pseudomallei genomes as well as various in other species within the genus Burkholderia. Taking into consideration that CoA plays a ubiquitous metabolic role in all life forms, characterisation of BPSL3393 may uncover a previously over-looked metabolic feature of B. pseudomallei. The gene was deleted from the genome using a double homologous recombination approach yielding a null mutant. The BPSL3393 mutant showed no difference in growth rate with the wild type under rich and minimal growth conditions. An extensive metabolic phenotyping test was performed involving 95 metabolic substrates. The deletion mutant of BPSL3393 was severely impaired in its ethanolamine metabolism. The growth rate of the mutant was attenuated when ethanolamine was used as the sole carbon source. A transcriptional analysis of the ethanolamine metabolism genes showed that they were down-regulated in the BPSL3393 mutant. This seemed to suggest that BPSL3393 functions as a positive regulator for ethanolamine metabolism.
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    INTRODUCTION


    Burkholderia pseudomallei, the causal agent of melioidosis, posts a potential threat to human health. Melioidosis is endemic in Southeast Asia and Northern Australia and has expanded to other continents during the past decade (Currie et al. 2008). There are various clinical manifestations of melioidosis ranging from acute to chronic with either a localised or systemic infection (Renella et al. 2006). The most common clinical observation of melioidosis is septicaemia with bacterial dissemination to distant organs such as spleen, liver and lung causing abscess (Stanton et al. 1924). The genome of B. pseudomallei K96243 comprises two circular chromosomes of 4.07 Mb and 3.17 Mb, respectively (Holden et al. 2004). Approximately 34% of the predicted genes were annotated as functionally uncharacterized hypothetical genes. These genes might contribute to the growth and survival of B. pseudomallei or they could be involved in obscure biological processes that yet to be uncovered. Functional characterisations of this group of genes will give a better understanding on the biology of B. pseudomallei. A bioinformatics survey of these hypothetical genes revealed an interesting hypothetical gene BPSL3393. Its gene product is predicted to be 11 kDa and contains a Coenzyme A (CoA) binding domain which indicates that it might play a role in a CoA related metabolism.


    CoA is an essential cofactor which plays a crucial role in cell metabolism either as an acyl group carrier or a carbonyl-activating group. The most common CoA intermediate is in the form of acetyl-CoA which is involved in several vital pathways such as oxidative decarboxylation of pyruvate, catabolism and synthesis of amino acids, β-oxidation and synthesis of fatty acids and the tricarboxylic acid (TCA) cycle (Lipmann 1953).


    In this study, a reverse genetic approach was applied to elucidate the biological function of BPSL3393. An unmarked deletion mutant was constructed via homologous recombination. Since the BPSL3393 gene might be involved in bacterial metabolism, the mutant was subjected to metabolic phenotyping. A total of 95 carbon metabolites were tested using Biolog GN2 MicroPlateTM. The mutant showed reduced utilisation rate when ethanolamine was used as the carbon source. Hence, a gene expression study was also performed to study the expression levels of ethanolamine catabolism genes. In addition, physiological characterisations such as microscopic analysis, growth kinetic studies and the effect of ethanolamine on bacterial growth were also conducted.


    MATERIALS AND METHODS


    Bacterial Strains, Plasmids and Cell Growth Conditions


    Bacterial strains and vectors used in this study are listed in Table 1. B. pseudomallei K96243 and E. coli strains were grown either on Luria-Bertani (LB) or M9 minimal medium (Sambrook & Russell 2001) at 37°C. Bacterial strains harbouring plasmids pDM4 (Milton et al. 1996) or pUD3393 were grown in Blomfield medium (10 g bacto-tryptone, 5 g bacto-yeast extract, supplemented with 10% sucrose) (Blomfield et al. 1991). Antibiotics were supplemented with appropriate concentrations when required: 75 µg/mL ampicillin for selection of E. coli JM109 transformants harbouring pUD-RBC, 20 ug/mL chloramphenicol for selection of E. coli S17 transformants harbouring pUD3393, 150 µg/mL chloramphenicol and 25 µg/mL gentamicin were supplemented for selection of transconjucants.



    Table 1: Bacterial strains and plasmids.


    
      
        	
          Bacterial strains

        

        	
          Genotypes

        

        	
          Source/references

        
      


      
        	Escherichia coli S17-1 λpir

        	Tpr Smr recA thi pro hsdRM+ RP4-2-Tc::Mu-Km::Tn7λpir

        	Biomedal S.L.,Spain.
      


      
        	Burkholderia pseudomallei K96243

        	Wild type strain isolated from a 34 year old female at Khon Kaen Hospital

        	(Holden et al., 2004)
      


      
        	Burkholderia pseudomallei K96243 ΔBPSL3393

        	Derivative of B. pseudomallei K96243 with unmarked deletion of gene BPSL3393

        	This study
      


      
        	Plasmids
      


      
        	RBC TA cloning vector

        	TA cloning vector, LacZ, Ampr

        	RBC bioscience, USA
      


      
        	pUD-RBC

        	Derivative of RBC TA cloning vector containing the fused flanking region of gene BPSL3393

        	This study
      


      
        	pDM4

        	Suicidal plasmid, Cmr, sacB mobRP4, oriR6K

        	(Milton et al., 1996)
      


      
        	pUD3393

        	Derivative of pDM4 vector containing the flanking region of gene BPSL3393

        	This study
      

    




    Construction of BPSL3393 Deletion Mutant


    BPSL3393 deletion mutant was constructed via homologous recombination using plasmid pDM-4, a non-replicative plasmid in B. pseudomallei (Milton et al. 1996). All the primers used for the construction of the deletion alleles are listed in Table 2. Briefly, the upstream (US) and downstream (DS) flanking regions of BPSL3393 ORF of approximately 1 kb were individually PCR-amplified. The resultant PCR products were restricted with SphI. Subsequently, the digested US and DS fragments were ligated and amplified with primers USF and DSR to produce a combined 2 kb fragment of contiguous US-DS flanking DNA. This fragment was initially cloned into the RBC TA cloning vector (RBC Bioscience, Taiwan) to generate pUD-RBC using E. coli JM109 as the cloning host. The USDS insert was then excised with the restriction enzymes XhoI and SacI and was then recloned into pDM4 using E. coli S17 as the host. The resultant plasmid was named pUD3393 and the DNA insert was verified by DNA sequencing using primers NQCAT and NQREV. Isolation of the mutant was performed accordingly to the protocols described by Brown et al. (2004). Briefly, the pUD3393 was conjugally transferred into B. pseudomallei K96243 and recombined into its chromosome. The resulting transconjugants were selected based on their resistance to 25 µg/mL gentamycin and 150 µg/mL chloramphenicol. They should be merodiploid possessing two copies of flanking regions due to the single-crossover event that inserted the entire plasmid into the chromosome at the homologous site. The cells were then selected on Blomfield medium without antibiotic and supplemented with 10% sucrose to allow second recombination event that resulted in the removal of plasmid backbone from the genome. The developed colonies were either BPSL3393 deletion mutant or wild type strain. PCR screening was performed to distinguish mutants from wild-type strain using a pair of outer primers (USF-EXT & DSR-EXT) which complement to the outer region of the US-DS homologous regions. The mutant should produce a PCR fragment of 2.1 kb due to the BPSL3393 gene deletion while the wild type strain should produce a longer fragment of 2.4 kb. The shorter DNA fragments amplified from the mutant candidates were subjected to DNA sequencing for verification of BPSL3393 deletion. The deletion mutant was labelled as ΔBPSL3393. The merodiploid and mutant cells were eradicated by autoclaving after all characterisations have been performed.



    Table 2: Primers used in mutant construction. The restriction sites are underlined.


    
      
        	
          Primer

        

        	
          Sequence (5’-3’)

        

        	
          Restriction site

        
      


      
        	USF

        	CTCGAGCGAAGAAGGCTTTTGCAACAT

        	
          XhoI

        
      


      
        	USR

        	CCTAGCATGCCATTTTGTCGCAGGTAAGCA

        	
          SphI

        
      


      
        	DSF

        	CCTAGCATGCTAGCCCAGGCGCGTCGGCCGACA

        	
          SphI

        
      


      
        	DSR

        	GAGCTCTATCGAGGAAACACGATGAAAATGAA

        	
          SacI

        
      


      
        	USF-EXT

        	CGGTGATGCTCGGCTATT

        	
          -

        
      


      
        	DSR-EXT

        	CCGGCCGTCCGTTATGATCC

        	
          -

        
      


      
        	NQCAT

        	TAACGGCAAAAGCACCGCCGGACATCA

        	
          -

        
      


      
        	NQREV

        	ACATGTGGAATTGTGAGCGGATAACAA

        	
          -

        
      

    




    Electron Microscopy


    Both the wild-type and ΔBPSL3393 mutant strains were grown to exponential phase using LB broth or M9 minimal medium. A volume of 5 ml of overnight culture was harvested at 4800 g for 10 min. The processing protocols of scanning electron microscopy (SEM) and transmission electron microscopy (TEM) were previously described in (Nation 1983) and (Skepper 1999), respectively. The SEM samples were examined by using the Leo Supra50 VP Field Emission scanning electron microscope (Carl-Zeiss SMT, Oberkochen, Germany) equipped with Oxford NCA 400 energy dispersion X-ray microanalysis system (Oxford Instruments, Bucks, UK). The TEM samples were examined by using the Philips CM12 (Philips Electron Optics, Eindhoven, Netherlands).


    Analysis of Cell Growth


    Both wild-type and ΔBPSL3393 mutant strains were individually cultured in 20 mL LB medium and M9 minimal medium, respectively. The cultures were incubated at 37°C, 180 rpm for 18 h. The overnight cultures were used as the starting cultures for the growth curve analysis. The OD595 of overnight cultures were measured and seeded to a fresh 500 mL medium to the initial cell density of OD595 0.05. The cultures were cultured at 37°C, 180 rpm and the OD595 readings were determined every 2 h for up to 48 h. Each strain was analysed in triplicate.


    Phenotype MicroArray Analysis


    A high throughput phenotypic study was performed on the mutant and wild type strains to test their ability to consume a wide range of metabolites using the 96-well GN2 MicroPlateTM sytem (Biolog Inc., US). The Phenotype MicroArray (PM) analysis was performed according to Bochner et al. (2001). Colonies of wild type and mutant strains grown overnight on Luria agar (LA) were inoculated into GN/GP-IF inoculating fluid (Biolog Inc., US) to achieve a cell density corresponding to 50% transmittance in a Biolog turbidimeter. The suspension was transferred into the 96-wells GN2 MicroPlateTM with each well containing 150 µl of suspended cells. The GN2 MicroPlateTM was incubated at 30°C in the OmnilogR PM reader system (Biolog Inc., US) and changes of colour in the wells were monitored automatically every 15 min for 96 h. Each strain was analysed in triplicate by using three individual plates. The Biolog GN2 MicroPlate contained a total of 95 metabolites and the metabolism rate of each metabolite was deduced based on the colour change over incubation time.



    Analysis of Cell Growth in Ethanolamine Minimal Medium


    Based on the results of the PM analysis, the B. pseudomallei ΔBPSL3393 mutant showed that the utilisation rate of ethanolamine was reduced compared to the wild type strain. Ethanolamine can be utilised by bacteria as a carbon or nitrogen source. Hence, an analysis of growth was performed using a modified M9 minimal medium supplemented with ethanolamine in replacement to glucose. The ethanolamine minimal medium consisted of the following ingredients: KH2PO4 (15 g/l), Na2HPO4 (33.89 g/l), NaCl (2.5 g/l), 0.1 mM CaCl2, 2 mM MgSO4 and 200 nM vitamin B12 and 82 mM ethanolamine hydrochloride. To elucidate the ability of B. pseudomallei to utilise ethanolamine as the sole carbon source, 5 g/l of NH4Cl was supplemented into the medium. Similarly, 0.4% glucose was added to the medium to elucidate the ability of B. pseudomallei to utilise ethanolamine as the sole nitrogen source. Both wild-type and mutant strains were cultured for 18 hours in 20 mL of LB medium, incubated at 37°C and agitated at 180 rpm, and these cultures were used as the inocula for the growth analysis. The overnight cultures were washed with phosphate buffer prior to seed a 500 mL fresh media to achieve initial cell density of OD595 0.05. The cultures were incubated at 37°C, 180 rpm and the OD595 readings were taken every 4 h for a period of 10 days. Each strain was analysed in triplicate.


    RT-qPCR Analysis


    Since the phenotypic microarray analysis revealed that ΔBPSL3393 mutant showed reduced ethanolamine utilisation, the expressions of the ethanolamine degradation-related genes were studied by using RT-qPCR. The list of genes are as shown in Table 3. Both wild-type and ΔBPSL3393 mutant strains were cultured in ethanolamine minimal medium for three days. The cells were harvested by centrifugation at 4800 g for 10 min at 4°C. The total RNA extraction was performed by using TRIzol reagent (Ambion) accordingly to the manufacturer’s protocol. The RNA samples were subjected to DNase treatment (Ambion) and were then purified using acidic phenol-chloroform prior to RT-qPCR analysis. The sequences of the primers are as listed in Table 3 and the housekeeping dnaK gene was used for data normalisation. The RT-qPCR reaction mixtures were prepared according to the manufacturer’s protocol of iScriptTM One-Step RT-PCR (Bio-Rad, USA). The PCR parameter used for RT-qPCR study was 10 min at 50°C for cDNA synthesis, 5 min at 95°C for reverse transcriptase inactivation, followed by 30 cycles of 10 sec at 95°C and 30 sec at 55°C for PCR cycling, 10 sec at 95°C, 0.05 sec at 65°C and 10 sec at 95°C for melting curve. The relative gene expression levels of the ethanolamine related genes for wild type and mutant strains were calculated using the method as suggested by Schmittgen and Livak (2008). Each gene was analysed in triplicate for both strains. Student’s t-test was applied for the assessment of significant difference (p < 0.05) between wild type and mutant strains.



    Table 3: Primers designed for RT-qPCR study.


    
      
        	Primers

        	
          Sequence (5’-3’)

        

        	
          Genes

        
      


      
        	3368-F

        	GGCGATGCGTACTGGTT

        	AraC transcriptional regulator (eutR)
      


      
        	3368-R

        	GGCGTCAACAGCTCGAA

        	
      


      
        	3369-F

        	AGCATCTACGATCGCTTCATC

        	Acetaldehyde dehydrogenase (eutE)
      


      
        	3369-R

        	GTCGATGTACGACAGGATCTTC

        	
      


      
        	3371-F

        	AGCCTCGGCGTGTATCT

        	Ethanolamine ammnia-lyase light
      


      
        	3371-R

        	GTGCGTCAGCAGGTAGTG

        	chain (eutC)
      


      
        	3372-F

        	GATCAGGACGACATGGACAA

        	Ethanolamine ammonia-lyase heavy
      


      
        	3372-R

        	GCTCTGGTAGTTCAGCATCA

        	chain (eutB)
      


      
        	3373-F

        	CGGGATCATTCTCGGCTATTC

        	Ethanolamine permease (eutP)
      


      
        	3373-R

        	CGCGATAAGGCGTCTTGAA

        	
      


      
        	dnaK-F

        	CGCAGATCGAAGTGACCTT

        	Chaperone protein
      


      
        	dnaK-R

        	ATCTTCTCGATCTCGGCTTC

        	
      

    



    RESULTS


    Construction of B. pseudomallei BPSL3393 Deletion Mutant


    The unmarked deletion mutant was constructed by homologous recombination and the putative mutant was verified by PCR amplification using a pair of external primers. The mutant gave a PCR amplicon of approximately 300 bp lesser than the wild-type as shown in Figure 1. DNA sequencing further confirm that the BPSL3393 had been deleted and the resultant mutant strain was named as ΔBPSL3393.


    Microscopic Observations Revealed That The ΔBPSL3393 Mutant Showed Similar Cell Characteristics to the Wild Type Strain


    Electron microscopy analyses were performed to compare the cell surface and internal structures of the wild type and mutant strains. Both wild type and mutant strains did not show any significant difference in their surface morphology when grown in either LB or M9 minimal medium (image not shown). This suggested that the gene BPSL3393 was not involved in the determination of cellular morphology of B. pseudomallei K96243. Transmission electron microscopy revealed white globules resembling polyhydroxybutyrate (PHB) granules were observed within the cells of both strains. Both strains, grown in either LB or M9 minimal medium, showed a similar pattern of internal cell structure with no discernible difference observed (image not shown). These results concluded that deletion of BPSL3393 did not affect the interior and exterior configurations of the cells.
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      Figure 1: Markerless deletion of the B. pseudomallei BPSL3393 gene. Gel image of PCR products amplified from wild type strain (lane 1) and ΔBPSL3393 mutant (lane 2). The mutant gave shorter PCR amplicon compared to the wild type strain indicating the deletion of BPSL3393 gene.

    


    The ΔBPSL3393 Mutant Cells Aggregated In M9 Minimal Medium


    The growth curves of the B. pseudomallei K96243 wild-type and ΔBPSL3393 mutant in LB and M9 media were determined and the results are shown in Figure 2. In LB medium, both wild-type and ΔBPSL3393 mutant showed similar growth rate. The exponential phase for both strains began after approximately 2 h and both strains reached stationary phase at approximately the 28th hour. In M9 minimal medium, the growth rates of both strains were slower as compared to the LB medium. Both strains entered the exponential phase after approximately 4 hours. However, at approximately 18th hour, the ΔBPSL3393 mutant cells started to aggregate while the wild type strain was still propagating. The aggregation appeared as insoluble clumps that settled to the bottom of the broth culture. Thus, the OD reading of the planktonic portion of the mutant culture dramatically dropped after 18th hour incubation. Therefore, BPSL3393 might play a role in maintaining the planktonic nature of the bacterial cells in limiting nutrient condition.


    The ΔBPSL3393 Mutant Showed Decreased Ethanolamine Utilisation Rate


    The Biolog GN2 MicroPlateTM was employed in this study to elucidate the metabolic role of BPSL3393. A total of 95 substrates were screened. The utilisation pattern did not show any significant difference between the mutant and wild type strains for all substrates except ethanolamine. The utilisation curve of ethanolamine is as shown in Figure 3. The ΔBPSL3393 mutant showed a decrease in ethanolamine utilisation. At the end of the 96th hour incubation, the ΔBPSL3393 mutant showed approximately 50% reduction in ethanolamine utilisation compared to the wild type. It is therefore evident that BPSL3393 plays a role in ethanolamine metabolism.
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      Figure 2: The growth curve analysis of B. pseudomallei ΔBPSL3393 mutant and wild type strain. (a) both strains have similar growth pattern in LB medium, where both strains reached plateu at approximately 28th hour. (b) B. pseudomallei ΔBPSL3393 mutant strain showed a drastically decrease in OD at 18th hour due to cells aggregation in M9 minimal medium. The error bars represent the values of standard errors.

    



    


    
      [image: art]


      Figure 3: Graph of ethanolamine utilisation rate of B. pseudomallei ΔBPSL3393 mutant and wild type. B. pseudomallei ΔBPSL3393 mutant showed reduced utilisation ability as compared to wild type strain. The error bars represent the values of standard errors.

    


    ΔBPSL3393 Mutant and Wild Type Strains Showed Similar Growth Patterns in Ethanolamine Minimal Medium


    The reduced rate of ethanolamine utilisation shown by the ΔBPSL3393 mutant could simply be due to a different cell growth rate compared to the wild type. However, growth analysis indicated that both ΔBPSL3393 mutant and wild type strains had similar growth rate in both ethanolamine minimal media (Figure 4). Therefore, differential growth rates are not a factor in the different readings of the wild type and ΔBPSL3393 mutant in the ethanolamine utilisation assay. A much better cell growth was observed when the ethanolamine minimal medium was supplemented with carbon source compared to nitrogen source. Both wild type and mutant cells achieved optical density values of higher than 5 after 240 h incubation in glucose supplemented ethanolamine minimal medium. However, cell densities of both strains were below 0.3 after same period of incubation in NH4Cl supplemented ethanolamine minimal medium. This observation indicated that ethanolamine is more favourably consumed as nitrogen source by B. pseudomallei K96243.
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      Figure 4: The growth curve analysis of B. pseudomallei ΔBPSL3393 mutant and wild type strain in ethanolamine supplemented media. The growth of B. pseudomallei ΔBPSL3393 mutant showed similar pattern with wild type in ethanolamine minimal medium supplemented with NH4Cl and ethanolamine minimal medium supplemented with glucose. B. pseudomallei showed much better cell growth when the ethanolamine minimal medium was supplemented with carbon source compared to nitrogen source. The error bars represent the values of standard errors.

    


    Ethanolamine Catabolism Genes Were Down-regulated in ΔBPSL3393 Mutant


    The relative fold changes for ethanolamine catabolism related genes in ΔBPSL3393 mutant versus wild type strain are shown in Figure 5. Interestingly, the expression of the eut genes and their putative transcriptional regulator were significantly down-regulated (p < 0.05) in ΔBPSL3393 mutant. This explained the reduced ethanolamine catabolism rate as indicated by the Biolog phenotype analysis. The molecular basis of this observation merits further investigation since BPSL3393 possibly acts as a CoA carrier protein participating in the ethanolamine metabolism. The transcripts of the eut genes were down-regulated by approximately 50% in the ΔBPSL3393 mutant compared to the wild type strain. In other words, the enzymes for ethanolamine metabolism were still available in the mutant although with lesser level. The level of enzymes was enough to support the mutant cell growth in ethanolamine medium although the growth rate was slower in minimal medium. Therefore, this explains the observation that no difference in growth rate between the ΔBPSL3393 mutant and wild type strains in the ethanolamine minimal medium.
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      Figure 5: Result of eut genes expression study. The eut genes in the ΔBPSL3393 mutant were down-regulated compared to the wild type strain. The relative fold change values were at least 1.5 for each of the eut genes examined. The error bars represent the values of standard errors.

    


    DISCUSSION


    Hundreds of B. pseudomallei strains have been sequenced since its first complete genome sequence was made available (Holden et al. 2004). Genomes of B. pseudomallei comprise an approximately one third of uncharacterised hypothetical genes. This category of genes may possibly contribute to the unique intracellular survival of B. pseudomallei and thus unraveling their functions is virtually needed. In this study, a hypothetical gene BPSL3393 was chosen for functional validation using the reverse genetics approach. This gene putatively encodes a small protein of approximately 11 kDa in which deduced to be a CoA binding domain. It seemed to play a role in central metabolism that involves CoA moieties. CoA is a prominent compound since its derivatives are involved in many essential metabolic pathways. Thus, CoA-binding proteins are believed to have metabolic importance in all biological systems (Lipmann 1953, Engel & Wierenga 1996).


    A putative promoter region -35 (ATGAAG) and -10 (CAAAAT) was detected at positions -123 bp and -143 bp relative to the putative initiation codon of BPSL3393. A putative ribosome binding site (RBS) with the sequence 5’ -TACCT- 3’ was also found at approximately 8 bases upstream (5’ end) of the same start codon. This sequence and part of the 3’ end sequence (5’-AGGTA- 3’) of B. pseudomallei K96243 16S rRNA were found to be complementary. This complementarity is important to ensure the formation of a stable structure for translational initiation to occur (Shine & Dalgarno, 1974). The transcription of BPSL3393 was detected by using RNA microarray and a whole-genome transcriptome profiling as reported by Rodrigues et al. (2006) and Ooi et al. (2013), respectively. These data indicate that BPSL3393 is an active gene.


    A strain carrying an unmarked deletion of BPSL3393 was constructed to study the function of this hypothetical gene. An analysis using the Biolog Phenotypic MicroArray system showed that this mutant demonstrated a significant reduction in the utilisation of 2-aminoethanol compared to the wild type. The compound 2-aminoethanol, or more commonly known as ethanolamine, is an important building precursor of phosphotidylethanolamine. Phosphotidylethanolamine and phosphotidylcholine are common precursors of the phospholipid bilayer component of cell membranes and the ratio of phosphatidylethanolamine to phosphatidylcholine influences membrane integrity (Li et al. 2006; Melchior 1982). However, both ΔBPSL3393 mutant and wild type strains showed similar cell outer morphology based on the SEM observations. Based on the TEM visualisation, both ΔBPSL3393 mutant and wild type strains also showed similar intracellular manifestation. Thus, the reduced utilisation of ethanolamine that resulted from the deletion of BPSL3393 did not cause any apparent alteration to the cell morphology. This observation also suggested that the localisation of ethanolamine permease was not altered upon mutation. Consequently, it was speculated that the ethanolamine metabolism in B. pseudomallei might contribute to other cellular functions instead of membrane biosynthesis.


    The growth analysis indicated that both B. pseudomallei ΔBPSL3393 mutant and wild-type strains had similar growth pattern in the rich LB medium. Despite the reduction of ethanolamine assimilation, deletion of this gene in the mutant strain had minimal effect on its growth kinetic. A slower growth was observed for both strains in the M9 minimal medium. Their growth patterns were similar in the early stages of growth, the ΔBPSL3393 mutant cells self-aggregated after approximately 18 hours of incubation. This suggested that BPSL3393 might play a role in maintaining cell fitness in an elevated cell density in nutrient limited condition.


    Ethanolamine can be utilised as the sole carbon and nitrogen sources in a wide variety of other bacteria such as Pseudomonas, Salmonella, Klebsiella, Enterococcus, Mycobacterium, Clostridium and Escherichia, especially those species that inhabit inside the mammalian gastrointestinal tract (Roof & Roth 1988; Blackwell et al. 1976). The best studied microorganism in ethanolamine utilization is Salmonella Typhimurium. The gastrointestinal tract contains a rich source of ethanolamine due to constant turnover and exfoliation of intestinal cells. In the bacterial cell, ethanolamine catabolism is executed inside a microcompartment known as carboxysome in order to retain and concentrate acetaldehyde. Acetaldehyde is a volatile intermediate which is potentially toxic to microorganisms and able to inhibit cell growth. Carboxysomes are consisted of structural proteins that encoded by eutK, eutL, eutM, eutN and eutS genes (Kofoid et al. 1999, Penrod & Roth 2006). As shown in Figure 6, the main enzymes involved in ethanolamine catabolism are EutH (ethanolamine permease), EutBC (ethanolamine ammonia lyase), EutE (acetaldehyde dehydrogenase) and EutG (alcohol dehydrogenase). EutH is responsible for ethanolamine uptake by cells. The imported ethanolamine is then degraded into ammonia and acetaldehyde by EutBC which is a coenzyme vitamin-B12(5’-deoxyadenosyl cobalamin) dependent enzyme. Acetaldehyde is subsequently converted either to ethanol by EutG, or to acetyl-CoA by EutE (Garsin 2010). A transcriptional activator protein coded by eutR activates transcription of the eut operon in response to the simultaneous presence of B12 and ethanolamine (Roof & Roth 1992).
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      Figure 6: Ethanolamine catabolism (Stojiljkovic et al. 1995). Ethanolamine is first transported into cell with the help of EutH or diffusion. In the ethanolamine-specific microcompartment, ethanolamine is degraded to acetaldehyde and ammonia by the EutBC with cofactor Ado-B12. Acetaldehyde is either catabolised to ethanol by EutG or to the metabolically useful compound, acetyl-CoA, by EutE. Acetyl-CoA serves as initial subtract for various metabolic processes or converted into acetylphosphate by EutD. EutBC: Ethanolamine ammonia lyase; EutH: Ethanolamine utilization protein H; EutG: Alcohol dehydrogenase; EutE: Acetaldehyde dehydrogenase; EutD: Phosphotransacetylase; NAD: Nicotinamie Adenine Dinucleotide; Pi: Inorganic phosphate; TCA: Tricarboxylic acid cycle; Ado-B12: Adenosylcobalamin.

    



    An analysis of the genome of B. pseudomallei K96243 revealed the presence of five eut homologs: BPSL3369 (eutE), BPSL3371 (eutC), BPSL3372 (eutB), BPSL3373 (eutH) and a putative transcriptional regulator BPSL3368 (eutR). However, the eutG homolog was not found and this gene product is responsible for conversion of acetaldehyde to ethanol. In Salmonella Typhimurium, mutations in eutG or eutE fully diminished the ability to utilise ethanolamine as a carbon source and reduced the ability to utilise ethanolamine as a nitrogen source (Stojiljkovic et al. 1995). Based on S. Typhimurium, the absence of EutG in B. pseudomallei should allow it to use ethanolamine as a nitrogen source but not as a carbon source. As shown in the growth studies using ethanolamine minimal media, the growth of B. pseudomallei was severely attenuated when grown in the ethanolamine media that with no extra carbon source. This result was in congruent with the observation of S. Typhimurium. The deletion also resulted in reduced transcriptions of the eut genes which are situated at a great distance from BPSL3393 within the same chromosome. However, a more comprehensive study is required to elucidate the transcriptional regulations of eut genes by BPSL3393. This reduction of the transcriptions explains the reduced ethanolamine utilisation rate in the mutant compared to the wild type strain.


    The polypeptide of BPSL3393 is predicted to form a CoA binding domain which contains a Rossmann-fold structure. The Rossmann-fold is a common binding motif found in nucleotide-harboring coenzymes such as flavin adenine dinucleotide (FAD), nicotinamide adenine dinucleotides phosphate (NADP), nicotinamie adenine dinucleotide (NAD) and some CoA derivatives (Modis & Wierenga 1998; Rossman & Liljas 1974). Coincidentally, a conserved domain search analysis revealed that the Rossmann-fold was also present in EutC and EutE. The protein motifs of Rossmann-fold and CoA binding domain in BPSL3393 strongly suggested that this hypothetical protein might serve as a facilitator for EutE to combine the CoA and acetaldehyde to form acetyl-CoA. Since EutG is not present in B. pseudomallei, the conversion of acetaldehyde to ethanol is not possible and acetaldehyde could subsequently accumulate in the cell. Acetaldehyde is toxic and able to inhibit cell growth. However, the mutant cell growth did not attenuate as compared to the wild type strain when grown in ethanolamine supplemented minimal medium. This may be due to the presence of an alternative pathway that could accommodate the toxicity of acetaldehyde.


    CONCLUSION


    BPSL3393 was found to be an auxiliary factor in ethanolamine catabolism and the deprivation of BPSL3393 down-regulated the eut genes. The transcriptional down-regulation of the ethanolamine genes hampered ethanolamine utilisation. It is likely that BPSL3393 and eut genes play a role in maintaining the cell fitness in challenging growth conditions since the mutant cells aggregated when it was grown in a poor medium.
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    Abstrak: Data mengenai kandungan nutrien ketam air tawar adalah penting untuk kajian ekologi dan penilaian pemuliharaan spesies, terutamanya apabila spesies yang berkenaan terancam, antara lain oleh pemusnahan habitat dan penggunaan sumber yang tidak terkawal. Maklumat biologi yang komprehensif diperlukan untuk menyelaraskan keperluan antara pemanfaatan sumber pemuliharaan dan pemuliharaan spesies. Kajian ini menyenaraikan kandungan nutrien ketam air tawar, Isolapotamon bauense yang disenaraikan sebagai ‘Kerentanan’ dalam Senarai Merah Spesies Terancam IUCN dan juga ditangkap oleh masyarakat tempatan untuk makanan tambahan. Keputusan menunjukkan bahawa otot ketam air tawar mengandungi sejumlah besar nutrien dalam kandungan air tertentu (jantan = 79.31 ± 2.30%, betina = 77.63 ± 0.56%), protein (jantan = 77.47 ± 6.11%, betina = 63.28 ± 3.62%), Magnesium (jantan = 51.48 ± 16.10 mg / g, betina = 39.73 ± 6.99 mg / g) dan kalsium (jantan = 25.50 ± 6.98 mg / g, betina = 39.73 ± 6.99 mg / g). Kandungan nutrien antara ketam jantan dan betina tidak begitu ketara. Adalah dianggarkan bahawa seekor ketam I. bauense dengan julat berat 56–139 g yang mengandungi purata 0.35 ± 0.15 g protein. Pengiraan juga menunjukkan bahawa bilangan ketam air tawar yang diperlukan untuk memenuhi pengambilan protein harian yang disyorkan bagi masyarakat berkenaan adalah dalam lingkungan 35-96 ekor untuk kanak-kanak, 130-188 ekor untuk remaja, 171-179 ekor untuk lelaki dewasa dan 149-159 ekor untuk wanita dewasa. Hasilnya menandakan bahawa penangkapan I. bauense liar sebagai sumber suplemen protein semulajadi mungkin tidak praktikal kerana kelimpahan penduduknya yang agak rendah, dan pemuliharaan spesies untuk peranan ekologinya boleh diutamakan.


    Kata kunci: Kandungan Nutrien, Ketam Air Tawar, Isolapotamon bauense, Borneo


    Abstract: Data on nutrient contents of freshwater crabs are important for ecological studies and species conservation assessments, especially when the species concerned is threatened among others by habitat destruction and uncontrolled resources utilisation. Indeed comprehensive biological information is required to reconcile the needs between sustainable resources utilisation and conservation of the species. This study documents the nutrient contents of a freshwater crab, Isolapotamon bauense which is listed as ‘Vulnerable’ in the IUCN Red List of Threatened Species and also being harvested by local community for dietary supplement. Results show that muscles of the freshwater crab contain a substantial amount of nutrients in particular water content (male = 79.31 ± 2.30 %, female = 77.63 ± 0.56 %), protein (male = 77.47 ± 6.11 %, female = 63.28 ± 3.62 %), magnesium (male = 51.48 ± 16.10 mg/g, female = 39.73 ± 6.99 mg/g) and calcium (male = 25.50 ± 6.98 mg/g, female = 39.73 ± 6.99 mg/g). Means of nutrient contents between male and female crabs are not significantly different. It is estimated that an individual of I. bauense with weight range of 56–139 g contained on average of 0.35 ± 0.15 g of protein. Our estimation also shows that the number of individuals of the freshwater crab required to meet the recommended daily protein intakes of the community concerned is in the range 35–96 individuals for children, 130–188 individuals for adolescents, 171–179 individuals for men and 149–159 individuals for women. The results imply that harvesting of wild I. bauense as a source of protein supplement naturally may not be practical because of its relatively low population abundance, and conservation of the species for its ecological roles may thus be preferred.
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    INTRODUCTION


    Analyses of nutrient contents of freshwater crabs are fundamental for both ecological studies and species conservation assessments. They are useful in understanding predator-prey relationships, nutrient cycles, and food chains in the freshwater ecosystem. Such ecological knowledge, however, is lacking in the tropics, although studies have shown freshwater crabs are the primary food sources for many aquatic and terrestrial animals. In the Upper Kairezi River of Zimbabwe, the African freshwater crab, Potamonautes perlatus is a major item in the diet of the Cape clawless otter (Aonyx capensis), African mottled eels (Anguilla labiata) and rainbow trout (Oncorhynchus mykiss) (Turnbull-Kemp 1960; Butler & Marshal 1996). The importance of crabs as food for the Cape clawless otter was also demonstrated in Bloukrans River, Eastern Cape Province of South Africa (Parker et al. 2005). Other animals that prey on freshwater crabs include reptiles and amphibians (Ng 1988, 1995; Jensen & Das 2006). Also, freshwater crabs are among the most common shredders and significantly contribute to nutrient cycling in many tropical streams (Hill & O’Keeffe 1992; Covich & McDowell 1996; Dobson et al. 2007; Marijnissen et al. 2008; Yule et al. 2009) as well as in litter degradation within alluvial forests (Collins 1980).


    Nutritional analyses also have the potential to resolve conflicts between utilisation of freshwater crab resource by indigenous human communities and species conservation programmes. The importance of freshwater crabs as the source of food for indigenous communities in Asian countries has been mentioned by some authors (e.g., Ng 1988; Yeo & Ng 1998; Cumberlidge et al. 2009; Mendoza & Naruse 2010; Ghosh-Jerath et al. 2015). Such communities consume freshwater crabs as a source of protein, and additionally, for medicinal reasons: ashes from burnt crabs are used for the treatment of tuberculosis, jaundice, liver disorder, cough, asthma, and injuries (Jamir & Lal 2005; Mahawar & Jaroli 2007; Yeo et al. 2008; Banerjee et al. 2010). Consumption of freshwater crabs, mainly as a dietary supplement, has been reported in Sarawak (Grinang, 2016). While utilization of freshwater crabs has been broadly documented, information on nutrient contents of these resources remain scarce (but see Adeyeye 2002; Bilgin & Fidanbaş 2011; Omotayo et al. 2013: Sudha Devi & Smija 2013; Varadharajan & Soundarapandian 2014).


    Research on freshwater crabs in Sarawak started in the early of 1900s, and the current list of decapod crustacean comprises three families, 14 genera and 48 species (Ng et al. 2008; Grinang 2016). Of these, four species are listed as ‘Endangered’ and two species are ‘Vulnerable’ in the IUCN Red List of Threatened Species (IUCN 2015). An additional 42 species are categorised either as ‘Least Concern’, ‘Data Deficient’, or being unassessed. Conservation assessment of freshwater crabs in the region has progressed slowly, due to insufficient information on ecology and threats to species (see Ng & Yeo 2007; McFarlane & Lundberg 2012). For instance, preliminary conservation assessment of Isolapotamon bauense has classified it as ‘Vulnerable’ due to its population size and threats not being known (Ng & Yeo 2007; Cumberlidge et al. 2009; IUCN 2015). Presently, certain ecological characteristics of the species, including distributional range, population structure, growth pattern, condition and population size have been published (Grinang et al. 2016), and utilisation of the resource by indigenous communities has also been reported (Grinang 2016). Mohd-Azlan and Fauzi (2006) noted that wildlife harvesting by Iban, Bidayuh, Malays and Melanau in Sarawak are associated with daily livelihoods of the communities specifically the cultures, beliefs and traditional farming practices. In Gunung Serambu, anecdotal evident indicates that I. bauense (locally known as Kuyoh Gunong, literally ‘montane crab’) along with other aquatic life include fishes, molluscs and frogs are harvested by the Bidayuh community primarily as food supplements, rather than for other purposes. The primary objective of this study is to document the nutrient contents of I. bauense, which will be useful information, complementing the conservation assessment of the species in the future. A better understanding of the nutritional value of their food by indigenous communities and its availability may enhance their awareness of the need for sustainable utilisation and conservation.


    MATERIALS AND METHODS


    Study Sites


    Isolapotamon bauense was described from the limestone cave of Gua Sireh in Serian District, in western Sarawak (Ng 1987), and has only been recorded from isolated localities within Kuching Division (Grinang et al. 2016). A collection of I. bauense was conducted at Gunung Serambu at Kampung Peninjau Lama (village) in Bau District (Fig. 1). The mountain is a historical site, being associated with Rajah James Brooke’s (1803–1868) cottage, where the celebrated British naturalist, Alfred Russel Wallace (1823–1913) spent time during his explorations in Sarawak. Crabs were collected from two sites at an intermittent stream located to the northeast of the mountain. The stream channel is steep, consisting predominantly rocky outcrop, with massive boulders lining the passages, and the vegetation comprised mixed dipterocarp forest. The stream is ephemeral, flowing after periods of heavy rainfall, although there is the year-round availability of ground water. Site 1 is located on the lower reaches of the intermittent stream (01o25’55”N, 110o13’27”E; 199 m above sea level) and Site 2 is in the upper reaches (01o25’50”N, 110o13’04”E), located 340 m above sea level, and about 100 m south of the Brooke’s cottage site. Collection was carried out at night by hands and using scoop nets. A total of 16 specimens of the crab (three males, 13 females) were caught during five sampling trips (18 and 24 September 2013, 8 and 22 October 2013, 20 March 2014).
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      Figure 1: Map showing the study site at Gunung Serambu in Bau District, Sarawak, East Malaysia (Borneo), and the known distribution range of Isolapotamon bauense.

    


    Determination of Nutrient Contents


    Determination of nutrient contents of I. bauense was similar to standard protocols that had been applied for other crab species (Skonberg & Perkins 2002; Gökoðlu & Yerlikaya 2003; Küçükgülmez et al. 2006; Bilgin & Fidanbaş 2011; Moronkola et al. 2011). In this exploratory study, the nutritional analysis was performed for selected nutrients such as water content, ash, crude protein and nine minerals (i.e., calcium, magnesium, potassium, sodium, zinc, phosphorus, iron, lead, and copper). Each individual of crab was analysed separately for 12 nutrient contents to examine linear relationships between the nutrient contents and morphological characters of the crab (i.e., carapace width, carapace length, and weight).


    Fresh crab specimens were boiled for 15 min to extract the muscles from the carapace. The muscles were then dried at 80oC for 48 h to obtain a constant weight for determining the water content. A known weight of the dried ground muscle was incinerated at 500oC for 5 h for ash determination. Crude protein was determined from the dry samples according to Kjeldahl method, which involves digestion, distillation and titration processes (AOAC 1995). Analysis of the nine minerals was conducted using Perkins Elmer Atomic Absorption Spectrophotometer. All analyses were performed in triplicate.


    Statistical Analyses


    The unequal variance of one-tail t-test was used to examine if male crabs were significantly larger or heavier than the females. Student t-test was performed to test for differences in nutrient contents between sexes of the crab. Microsoft Excel 2013 was used to conduct both analyses. GraphPad Prism Version 6.05 was used to run regression analysis for determining if nutrient contents are dependent on the size or weight of the crab. The number of individuals of I. bauense required to meet the recommended daily nutrient intake for indigenous communities was estimated based on Malaysian Dietary Guidelines (NCCFN 2005). The estimation was performed only for crude protein because the value was significantly correlated with size and weight of the crab (Fig. 2). The assumption underlying the estimation is, freshwater crab may constitute a significant item that is daily taken by the indigenous communities.


    RESULTS AND DISCUSSION


    Isolapotamon bauense is the largest freshwater crab recorded on Borneo, and can attain a carapace width of 85 mm (Ng 1987). The 16 specimens caught in this study can be grouped as mid-sized, with a range of carapace width of 55–71 mm. The comparative t-test showed that male crabs were significantly larger and heavier than female crabs (Figure 3). This large crab is presumed to contain a substantial amount of meat, explaining why it is favoured by the Bidayuh community in Bau District. In Gunung Singai, Grinang (2014) found that the Singai Bidayuh community harvested I. bauense occasionally as a source of protein.



    
      [image: art]


      Figure 2: Linear regression between morphological metrics and crude protein of Isolapotamon bauense. Pairwise regressions among other metrics were not significant at p < 0.05.
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      Figure 3: Comparison of carapace width (mm) and weight (g) between male and female of Isolapotamon bauense. ♂ = 3, ♀ = 13.

    



    The muscles of I. bauense have high water content (male = 79.31 ± 2.30%, female = 77.63 ± 0.56%), crude protein (male = 77.47 ± 6.11%, female = 63.28 ± 3.62 %), magnesium (male = 51.48 ± 16.10 mg/g, female = 39.73 ± 6.99 mg/g) and calcium (male = 25.50 ± 6.98 mg/g, female = 39.73 ± 6.99 mg/g) (Fig. 4 and 5). There is no statistical evidence of differences in means of eight nutritional properties between male and female crabs (p > 0.05). No comparison was made on means of phosphorus, potassium, sodium and iron between male and female crabs, as samples were cross-contaminated. High water content, crude protein, magnesium, and calcium in I. bauense was also demonstrated in other freshwater crabs (Adeyeye 2002; Bilgin & Fidanbaş 2011; Omotayo et al. 2014. Sudha Devi & Smija 2013; Varadharajan & Soundarapandian 2014) and marine crabs (Skonberg & Perkins 2002; Gökoðlu & Yerlikaya 2003; Moronkola et al. 2011). Nonetheless, there is significant variation in concentrations of the nutrients across studies, which might relate to the preparation of crab muscles before nutrient analyses. Several studies found that proximate composition and mineral analysis are significantly affected by cooking methods (Gökoðlu et al. 2004; Ersoy et al. 2006; Türkkan et al. 2008; Aberoumad 2014). The concentration of nutrients and minerals may be influenced by seasonal and biological differences, food source and the environment itself (Küçükgülmez et al. 2006; Bilgin & Fidanbaş 2011). Our findings indicate that only crude protein was significantly dependent on size and weight of the crab (Fig. 2).
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      Figure 4: Bar chart shows no significant different of means of moisture, ash and crude protein between male and female of Isolapotamon bauense caught from Gunung Serambu, Bau District. ♂ = 3, ♀ = 13.
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      Figure 5: Mineral contents of Isolapotamon bauense (mean ± SE) caught from Gunung Serambu, Bau District. No significant different of means of minerals between male and female crabs. Means without standard errors are incomplete analysis due to cross-contamination of the samples. ♂ = 3, ♀ = 13.

    



    Consumption of wild meats (e.g., mammals, reptiles and amphibians) by indigenous communities in Sarawak for dietary supplement had been documented by other authors (Rahman et al. 2003; Mohd-Azlan & Fauzi 2006), but information on nutrient properties of the resources is lacking. Our estimation showed that an individual of I. bauense (weight range 56–139 g) contained on average of 0.35 ± 0.15 g of crude protein. Based on this average and by assuming that these crabs constituted a major part of the diet of the indigenous community in question, the number of individuals of I. bauense required to meet the recommended daily protein intakes of the community is in the range 35–96 individuals for children, 130–188 individuals for adolescents, 171–179 individuals for men and 149–159 individuals for women (Fig. 6). This estimation, based on the harvesting of wild I. bauense as a source of protein supplement naturally may not be practical, and conservation of the species for their ecological roles may thus be preferred.
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      Figure 6: Estimated number of individuals of Isolapotamon bauense required to meet the recommended daily protein intakes of indigenous communities. CB = children-boy, CG = children-girl, AB = adolescent boy, AG = adolescent-girl. The estimation is based on the Malaysian Dietary Guideline 2005 (NCCFN, 2005).

    



    Conservation of threatened species that is also important to indigenous communities requires substantial ecological and biological information to reconcile the needs. Several other species of freshwater crabs are important as a food supplement to indigenous communities in Sarawak, including Isolapotamon nimboni and Geosesarma katibas by the Iban community, and Isolapotamon bauense by the Bidayuh community (Grinang 2016). Unlike the former two species, threats to I. bauense may be more severe due to it localised distributional range and small population size (Grinang et al. 2016). Habitat loss/degradation, water pollution, and over-exploitation are the major threats to freshwater crabs globally (Cumberlidge et al. 2009). While impacts of habitat loss and water pollution are easy to identify, over-exploitation of I. bauense by indigenous communities needs to be managed wisely. Effects of resources utilisation by indigenous communities have not been well documented, partly due to their relatively infrequent consumption rates. Many studies on nutrient contents had been focused on commercial species of marine crabs (Skonberg & Perkins 2002; Küçükgülmez et al. 2006). The present findings seem to be the first in this region that examine nutrient contents of freshwater crabs to provide fundamental knowledge on the nutritional value of crab meat, which can indirectly contribute to sustainable utilisation of the resource and conservation of the species.


    CONCLUSION


    Ecological studies of freshwater crabs are crucial for providing information for species conservation and habitat protection. Also, conflicts between conservation programme and utilisation of the resources by indigenous communities need to be managed wisely, which requires substantial information on nutritional value, knowledge of ethnozoology and any related topics. This study demonstrates that freshwater crabs, such as Isolapotamon bauense, contain a significant amount of nutrients, but harvesting the species is not practical due to its low abundance of wild populations.
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    Abstrak: Penguraian longgokan daun di dalam sungai tropika diperiksa dalam dua jenis pek daun; Pek daun spesis tunggal Pometia pinnata dan pek daun dua spesis yang sama dengan kombinasi: Pometia pinnata dan daun Dolichandrone spathacea. Kedua-dua pek daun telah direndam di dalam sungai dan diperiksa setiap minggu untuk sisa-sisa daun terurai dan kehadiran EPT. Dalam pek daun kawalan, daun dalam pek dua spesies rawatan daun terurai dalam masa 35 hari, lebih cepat daripada pek daun spesies tunggal yang terurai selepas 42 hari. Pecahan daun mengambil masa 28 hari dalam dua spesis dan 35 hari untuk pek daun spesies tunggal dengan kehadiran EPT. Kelimpahan EPT yang lebih tinggi diperhatikan dalam pek daun spesis tunggal tetapi kepelbagaiannya lebih tinggi dalam dua pek daun spesis. Penguraian daun di sungai lebih cepat dengan kehadiran EPT dan daun lembut D.spathacea kandungan nitrogen yang lebih tinggi akan mengalami penguraian lebih cepat dan dapat mengekalkan jumlah EPT yang lebih tinggi.


    Kata kunci: Pek Daun, Sungai tropika, Pometia pinnata, Dolichandrone spathacea, Pecahan Daun


    Abstract: Leaf litter decomposition in a tropical stream was examined in two types of leaf packs; single species leaf packs of Pometia pinnata and two species leaf packs of equal combination of Pometia pinnata and Dolichandrone spathacea leaves. Both leaf packs were immersed in a river and weekly examined for remains of decomposed leaves and presence of EPT. In the control leaf packs, leaves in the two species leaf packs treatments decomposed within 35 days, faster than in single species leaf packs which decomposed after 42 days. In the presence of EPT, the leaf breakdown took 28 days in two species and 35 days for single species leaf packs. Higher abundance of EPT was observed in single species leaf packs but its diversity was higher in two species leaf packs. Litter breakdown in the stream was faster in the presence of EPT and softer leaves of D. spathacea with higher nitrogen content underwent faster decomposition and sustained higher numbers of EPT.


    Keywords: Leaf Packs, Tropical River, Pometia pinnata, Dolichandrone spathacea, Leaf Breakdown



    INTRODUCTION


    Aquatic insects especially those in the orders Ephemeroptera, Plecoptera and Trichoptera (EPT) play an important role in decomposition of riparian leaf litters in forest streams (Anderson & Sedell 1979; Webster & Benfield 1986; Voshell & Reese 2002; Merritt et al. 2008). Likewise, Knopf and Samson (1994), Lachavanne and Juge (1997), and Iwata et al. (2003) reported that riparian trees in the forests often support diverse and abundant communities of invertebrates especially aquatic insects in adjacent streams because leaf litters provide a significant source of energy and nutrients for headwaters invertebrates (Graca 2001; Colon-Gaud et al. 2008). Some stream shredder insects such as calamoceratid caddisflies use leaf litters as food source as well as habitats (Dudgeon & Wu 1999). Disturbance in riparian forests especially along the riverbanks can greatly influence the timing, quantity and quality of allochthonous coarse particulate organic matter (CPOM) inputs into streams (Sweeney 1993; Tuchman & King 1993). Changes in riparian vegetation considerably influence macroinvertebrate communities because of their strong dependence on allocthonous food base (Cummins & Klug 1979; Hawkins et al. 1982).


    Leaf shredders detritivores (mainly Plecoptera and Trichoptera) in low order streams feed directly on CPOM and their feeding activity is an important mechanism in conversion of organic particles from CPOM to fine particulate organic matter (FPOM). The FPOM is subsequently used as food by collector-gatherers and collector-filterers (Wallace & Merritt 1980). Although macroinvertebrates quickly colonize fallen leaves (Dudgeon 1982; Stewart 1992), some of them, including EPT have strong preferences over leaf species (Canhoto & Graca 1999; Mathuriau & Chauvet 2002). Consequently, Webster and Benfield (1986) reported that riparian vegetation determined the allocthonous organic matters in the river, which in turn affected the abundance and diversity of resident aquatic insects (Mackay & Kersey 1985).


    Although the influences of benthic macroinvertebrates and aquatic hypomycetes abundance and diversity on leaf litter decomposition process are well documented (Whiles & Wallace 1997), the effects of EPT abundance and diversity on the process are less understood. In this study, the importance of EPT in forest leaf litter breakdown was investigated by comparing the litter breakdown rate in control leaf packs (in the absence of EPT) and in experimental leaf packs with free access to EPT. It is known that most macroinvertebrates are shredders, however litter breakdown in upland rivers might be helped by the EPT as these three orders was known dominating the upland rivers in diversity and abundance. The objectives of this study were to investigate the assemblage and preferences of EPT genera on single and two species leaf packs and to test the hypothesis that leaf packs with many leaf species encourage higher EPT colonisation due to variation in nutrient contents hence resulting in faster decomposition.



    MATERIALS AND METHODS


    Sampling Site


    The study was carried out at the Tupah River at N5°45.008’ E100°26.526’, located in a protected forest catchment of Gunung Jerai Forest Reserve in Kuala Muda district, state of Kedah, northern peninsular Malaysia. Image of the map can be found elsewhere (Suhaila et al. 2012). The river is 5.6 km long, with a mean depth of 0.32±0.05 meter and mean width of 4.14±0.28 meter. It enters the Merbok River that flows into the Straits of Malacca on the west coast of peninsular Malaysia. The Tupah River is fast flowing (0.56±0.16 m/s) with water pH ranging from 5.0 to 6.7 and an annual mean water temperature ranging from 22.8°C to 25.7°C. The river flows through lowland dipterocarp forests (100–200 meters above sea level). Tree species, such as Shorea leprosula, Shorea ovata, Dipterocarpus sp., Dillenia sp., Pometia pinnata, Pongamia pinnata, Dolichandrone spathacea and Sindora sp. are dominant in the. The river substrates are predominantly cobbles and gravels (~55%), with boulders (~45%).


    Litter Breakdown


    Leaves from two tree species, Pometia pinnata (Family: Sapindaceae) and Dolichandrone spathacea (Family: Bignoniaceae) were selected for this study based on their abundance in the study area. The tree species were identified using keys of Corner (1988) and Ng and Sivasothi (1999) and verified by herbarium collection at the School of Biological Sciences, Universiti Sains Malaysia in Penang. The pinnate leaf of P. pinnata is 4–10 cm wide, thick, tough, glossy and relatively long (12-30 cm) while D. spathacea has pinnate thin, soft, glossy with a terminal leaflet and 2-4 pairs of opposite leaflets. Roughly similar sizes of mature green leaves were hand-picked from single trees to ensure homogeneity of leaves. They were air dried for three weeks. Two types of leaf packs were prepared; single species leaf pack using P. pinnata and two species leaf pack using a mixture of equal weight (1:1) of P. pinnata and D. spathacea. Approximately 8.0±0.2 g of leaves were weighed and placed into each cage. A single species leaf cage contained 8.0±0.2 g of P. pinnata or D. spathacea while a two species leaf cage was filled with 50% (4 g) P. pinnata and 50% (4 g) D. spathacea. All leaves were packed in wire cages (10 mm mesh) each measuring 15 cm × 10 cm × 5 cm as described by Mathuriau and Chauvet (2002).


    To exclude the macroinvertebrates from the leaf pack, the cages were wrapped individually with a 1.5 mm mesh wire screen. These wrapped cages were the control leaf packs. The experimental cages were unwrapped and the EPTs have free access into and out of the cages. All cages (experimental and control leaf packs) were placed randomly in the river. Each cage was fastened to a meter long metal pole erected on the river bank to prevent it from drifting away during heavy rain. The leaves were assumed to decompose completely when the entire leaf fragments were broken to smaller than 5 mm in length (Mackay & Kersey 1985).


    Fifty four experimental (allow entry to invertebrates) and 54 control (protected from invertebrates) leaf pack cages were completely submerged at random in the river. Each group of cages had equal numbers (18) of both single and two-species leaf packs. Three replicates from each treatment were retrieved weekly.


    Analysis of C and N in the Leaves


    For assessing variation in nutrient content of the leaf species that might influence EPT preferences, the carbon and nitrogen contents of each leaf species were analysed. Fresh leaves of P. pinnata and D. spataceae were oven dried at 105°C for 24 h, weighed and ground to <0.5 mm in a Ball Mill (CMT, TI-100, Tokyo, Japan). By using a CN elemental analyser (EA, Thermo Finnigan NA 1500, North Clelmsford, MA, USA), two milligrams of each of the ground litter were analysed. The mean contents of both C and N were generated from three replicates and were estimated following the procedure of Shieh et al. (2007).


    Data Collection


    Three cages of each single leaf and two leaf species in both experimental and control leaf packs were collected weekly. During retrieving, each cage was placed into a plastic bag containing a small amount of river water. Each leaf pieces in individual cage were removed, rinsed and insects in experimental cages were sorted and preserved in an 75% ethyl alcohol for subsequent documentation and recorded. Species keys of Malaysian aquatic insects were not available at the moment hence all EPTs were identified to respective genera using keys provided by Kenneth and Bill (1993), Morse et al. (1994), Wiggins (1996), Dudgeon (1999) and Yule and Yong (2004).


    Data Analysis


    Richness metrics such as EPT taxa richness was used to analyse the EPT composition in all control and experimental leaf packs. Diversity Index (Shannon-Wiener, Simpson, Evenness) from all leaf packs was calculated using Species Diversity and Richness IV (SDR) version 4.1.2® to describe and compare the EPT assemblages in different cages. The differences in abundance and diversity of EPT in weight loss among leaf packs types were compared by the non-parametric test (Kruskal-Wallis test) due to all data were not normally distributed (Kolmogorov-Smirnov test, P < 0.05) using the SPSS 20.0®.



    The percentage remaining of leaf material lost over a period (%R) of time can be calculated by:


    %R = W(tf)/W(ti) x 100


    Where W(ti) is the initial weight of leaf material and W(tf) is the amount of material remaining after time t. This was assumed to follow a linear loss model proposed by Petersen and Cummins (1974) and can be expressed as % loss/day for comparison of species. For exponential models, the rate coefficient of litter breakdown (k) was estimated by the equation


    −k = loge (%R/100)/t.


    k was possible because the leaf species had the initial and final weights measured. Leaf processing rate was categorised according to Petersen and Cummins (1974) based on the values of coefficient of litter breakdown rate (k) as ‘fast’ (>0.01 gm.day−1), ‘medium’ (0.005-0.010 gm.day−1) and ‘slow’ (<0.005 gm.day−1).


    RESULTS


    Litter Breakdown


    In control treatment (without EPT), the decomposition rate coefficient (k) in the two species leaf pack (k) was 0.047 g.day−1 and all leaves completely decomposed within 35 days (Fig. 1). In P. pinnata leaf pack the decomposition rate coefficient was slower (k=0.013 g.day−1) and decomposition took 42 days to complete while in D.spataceae leaf pack the decomposition rate coefficient was fastest (k = 0.21). These decomposition rates fell into fast decomposition category and fitted the exponential model with R2 = 0.37 for two species leaf pack, R2 = 0.17 for P. pinnata leaf pack and R2=0.86 for D. spataceae leaf pack (all at P = 0.05).


    In the presence of EPT in experimental leaf packs (Fig. 2), faster decomposition of leaves was observed. Fifty percent of the weight in the single species leaf packs disappeared within 25 days but in two-species leaf packs, it only took half of the duration (12 days). The weight loss for two species leaf pack was faster than in single species leaf (χ2 = 11.771, P = 0.001). Leaf weight loss fitted the exponential model with R2=0.42 for two species leaf and R2 = 0.03 for P.pinnata leaf packs and R2 = 0.96 for D. spataceae leaf pack (all at P = 0.05).


    In experimental leaf packs, average breakdown rate coefficient for two species leaf packs was 0.53 g.day−1, 0.025 g.day−1 for P.pinnata leaf packs and D.spataceae leaf packs was 0.46 g.day−1. After 28 days, the leaves in two species leaf packs were completely decomposed while all leaves in the single species leaf packs took 35 days to disintegrate. In both control and experimental leaf packs, decomposition of two species leaf pack was seven days faster than in both single species leaf pack and the leaves of P.pinnata decomposed slightly slower than D.spathacea leaves. In the presence of EPT in experimental leaf packs, leaves in both single species and two species leaf packs decomposed seven days faster than those in control (without EPT) leaf packs.
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      Figure 1: Leaf weight loss (mean ± SE) of control leaf packs in Tupah River, Kedah.
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      Figure 2: Leaf weight loss (mean ± SE) of experimental leaf packs in Tupah River, Kedah.

    


    Composition of C and N in the Leaf


    P. pinnata had higher C:N ratio compared to D. spathacea (Table 1). Dolichandrone spathacea had double the amount of N thus higher quality leaf than P. pinnata.



    Table 1: Carbon (C) and nitrogen (N) (% of dry weight ± SE) contents and the C:N ratio of P. pinnata and Dolichandrone spathacea leaves.


    
      
        	
          Constituent

        

        	
          Pometia pinnata

        

        	
          Dolichandrone spathacea

        
      


      
        	
          C

        

        	
          44.67 ± 0.30

        

        	
          44.79 ± 0.40

        
      


      
        	
          N

        

        	
          1.54 ± 0.05

        

        	
          3.13 ± 0.04

        
      


      
        	
          C:N

        

        	
          29.1:1

        

        	
          14.3: 1

        
      

    



    Communities of Ephemeroptera, Plecoptera and Trichoptera in Leaf Packs


    During the period of study, all experimental cages were colonised mainly by EPTs and very few other insects (only chironomids and megalopterans) were occasionally caught. Therefore their presence in all cages were considered negligible and assumed not influencing the decomposition of the leaves. Twenty-three genera of EPT were found colonising leaf packs with 409 individuals in P. pinnata leaf packs, 166 individuals in D.spathacea and 385 individuals in two species leaf packs (Table 2). The EPT taxa richness in the two species leaf packs were higher (22) compared to both single species leaf packs (19 and 10). Both diversity indices and evenness (Pielou index) were slightly higher in P.pinnata leaf packs and two species leaf packs compared to D.spathacea leaf packs while the richness index (Menhinick index) was almost similar for all types of leaf packs.



    Table 2: Ephemeroptera, Plecoptera and Trichoptera assemblages in the experimental leaf packs.


    
      
        	
          Metric

        

        	
          P. pinnata

        

        	
          P. pinnata + D. spataceae

        

        	
          D. spataceae

        
      


      
        	Abundance

        	
          409

        

        	
          385

        

        	
          166

        
      


      
        	EPT taxa richness

        	
          19

        

        	
          22

        

        	
          10

        
      


      
        	Shannon-Wiener Index (H’)

        	
          2.40

        

        	
          2.38

        

        	
          1.18

        
      


      
        	Menhinick Index (R2)

        	
          0.60

        

        	
          0.59

        

        	
          0.78

        
      


      
        	Pielou Evenness Index (J’)

        	
          0.963

        

        	
          0.958

        

        	
          0.486

        
      

    



    Ephemeropterans preferred D. spathacea leaf packs (83.7%) followed by P.pinnata leaf packs (51%) and two species leaf packs (29%). Plecopterans were equally abundant in both types of leaf packs (21% in P. pinnata and 19% in two species leaf packs) but very low in D. spathacea leaf packs (2.4%) while more trichopterans colonised two species leaf packs (52.8%) (Table 3).


    The abundance of EPT was very low at the beginning of the study. During the seven days, the P.pinnata leaf packs had only one individual per cage while in two species leaf packs, five individuals were collected however, 7 individuals were found in D.spathacea leaf packs (Fig. 3). The highest number of EPT was recorded on day 14 (24 individuals per cage) in D.spathacea leaf packs and on day 28 in two species leaf packs (7 individuals). There was no significant difference between EPT abundance and time of leaf immersion in the water (χ2 = 0.092, P = 0.762). In two species leaf pack, two genera were found during the first seven days then increased to five genera in the next 14 days (Fig. 4). From day 21 onward, only two EPT genera were found in the cage. In P. pinnata leaf pack, two genera were recorded on day 14 to 21 but only one genus was found thereafter.



    Table 3: Relative abundance of Ephemeroptera, Plecoptera, Trichoptera colonising experimental leaf packs in Tupah River.
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    Table 4: The leaf pack rate coefficients (k) and % loss/day for selected leaf species in control and experimental cages.


    
      
        	
          Leaf species

        

        	
          k

        

        	
          % loss/day

        
      


      
        	P.pinnata (control)

        	
          0.013

        

        	
          0.06

        
      


      
        	P.pinnata + D.spataceae (control)

        	
          0.047

        

        	
          0.24

        
      


      
        	D.spataceae (control)

        	
          0.210

        

        	
          3.4

        
      


      
        	P.pinnata (experimental)

        	
          0.025

        

        	
          0.05

        
      


      
        	P.pinnata + D.spataceae (experimental)

        	
          0.053

        

        	
          0.75

        
      


      
        	D.spataceae (experimental)

        	
          0.146

        

        	
          9.5

        
      

    



    DISCUSSION


    Litter Breakdown


    In this study, litter breakdown in control leaf packs represented natural decomposition in the absence of insects. Decomposition rate in D. spataceae leaf pack was found to be faster than in the single species (P. pinnata) leaf pack. Thicker tissue layer of P. pinnata leaves could contribute to slower decomposition of the leaves compared to that of D. spataceae. According to Quinn et al. (2000), tough leaves reduced litter breakdown rate because their surface layers had little abrasive loss (Irons et al. 1988; Stout, 1989). He found that tougher Pinus radiata leaves decomposed slower (k = 0.0036 g.day−1) than the softer black walnut leaves (k = 0.0390). In Tupah River, softer D. spataceae in the two species leaf pack could have rapidly broken down and less amount of P. pinnata (4 g compared to 8 g in single species leaf pack) shortened the overall litter breakdown process in this leaf pack.


    In addition to leaf toughness, Ostrofsky (1997) reported that the levels of residual defensive compounds such as carbon amongst leaf species have contributed to variance in leaf processing rates. We observed in this study that D.spataceae with a C:N ratio of 14.3:1 decomposed faster than Pinus pinnata leaves with C:N ratio of 29.1:1. Mellilo et al. (1982) also reported that decomposition was fast in leaves with high N content because the saprotropic organisms (microbes) rapidly switched nitrogen into energy-rich rhizodeposits (Lekkerkerk et al. 1990). Suberkropp et al. (1976), Pearson et al. (1989), Stout (1989) and Mathuriau and Chauvet (2002) also reported comparable relationships between decomposition and nitrogen content. Softer leaves with high N content were more preferred by decomposer macroinvertebrates thus hastened the breakdown rates such as observed in the two species leaf packs of P. pinnata and D. spataceae. Greenwood et al. (2007) had reported a similar pattern when Rhododendron maximum leaves (C:N = 5.2) supported fewer macroinvertebrate (mean abundance = 9.9±5.5) compared to Acer rubrum leaves that contained high N (C:N = 3.2). More than 75 macroinvertebrates were found within the leaves. High C:N (lower quality) leaves were less preferred by the EPT because of low nutrient content or poor leaf quality.
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      Figure 3: Abundance of Ephemeroptera, Plecoptera and Trichoptera (individual/cage) in experimental leaf packs during their breakdown in Tupah River, Kedah.
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      Figure 4: Total taxa of Ephemeroptera, Plecoptera and Trichoptera in experimental leaf packs during their breakdown in Tupah River, Kedah.

    


    According to Wantzen et al. (2008), the age of leaves influences their decomposition rates. Young leaves quickly decomposed because their cellulose structure is less stable. Using freshly picked mature leaves in this study ensures uniform maturity and homogeneity of all leaves because leaves do not undergo natural abscission at predetermined age in the tropics. Moreover, the timing of leaf loss in tropical riparian forests is highly variable (Dudgeon 2008).


    Previous studies have shown that breakdown of leaf litter is more rapid in low-order tropical rivers compared to similar order rivers in temperate areas (Dudgeon 1982; Benstead 1996) although tropical leaves generally are more recalcitrant and have higher levels of secondary compounds than leaves from temperate deciduous trees (Li & Dudgeon 2009). Leaves in tropical rivers naturally decompose faster than in temperate areas because of higher water temperatures (Suberkropp et al.1976; Dudgeon & Wu 1999; Mathuriau & Chauvet 2002; Abelho et al. 2005) that favour microbial activities (Irons et al. 1994; Mathuriau & Chauvet 2002; Gonçalves et al. 2006). It was reported that increasing water temperature in rivers from 25 to 35°C would increase bacterial respiration from 26 to 63% (Sand-Jensen et al. 2007).


    Colonization of EPT in Two Types of Leaf Packs


    EPT abundance was higher in the tougher and coarser surface P. pinnata but the slower decomposition of single species leaf packs compared to two species leaf packs was presumably related to the poor quality of P. pinnata leaves. Lin et al. (2002) reported that low nutrient quality leaves decompose slowly and the nutrients are not available to invertebrates for a longer period before it has been conditioned (Shieh et al. 2007).


    Decomposition rates were faster in in the presence of EPT, emphasising their role in leaf breakdown in headwater streams. The decomposition rate of P.pinnata (k = 0.025 g.day−1) was faster in the presence of EPT than in protected leaf packs (k = 0.013 g.day−1). The same occurred in the two species treatment (k = 0.53 g.day−1 vs. k = 0.047 gm.day−1). Naturally, the leaves are rapidly colonised by EPTs for food sources as well as for their habitats (Abelho & Graça 1998; González & Graça 2003; Stewart et al. 2003; Wan Mohd Hafezul et al. 2016).


    In this study, Ephemeroptera was the dominant and diverse order among the EPTs recorded during the entire decomposition process. Most of them were collector-gatherers that mainly fed on FPOM from allocthonous resources. They benefited from the FPOM produced by the decomposition process thus their numbers were always high in the leaf packs. Ephemeroptera was more diverse in P. pinnata leaf pack compared to two species leaf pack. During the first seven days after immersion, 80% of total Ephemeroptera colonised the P. pinnata and D. spataceae leaf and 65% colonised the two species leaf packs. Higher abundance of Ephemeroptera have been similarly recorded previously in other tropical rivers (Mathuriau & Chauvet 2002; Moulton & Magalhães 2003; Gonçalves et al. 2006; Suhaila et al. 2012; Al-Shami et al. 2013). Number of shredders was very low in this study and none of them are from Ephemeroptera order. Those found shredders were from Plecoptera (2 genera) and Trichoptera (3 genera).



    Meanwhile, Plecoptera diversity and abundance was low compared to Trichoptera and Ephemeroptera in both leaf packs. The plecopterans were mainly predators and very few were shredders (Indonemoura and Cryptoperla). Their numbers increased after seven days of leaf immersion in the two species leaf packs, which probably correlated with their shredding activity immediately after the microbes softened the leaves. Predator stoneflies probably appeared in the leaf packs when more preys were available there. Generally, Plecoptera are less abundant and less diverse in most of the tropical streams as documented earlier by Rosemond et al. (1998), Yule and Yong (2004), and Yule et al. (2009).


    Trichoptera was diverse in two species leaf pack and their abundance increased after seven days of leaf immersion in the water. Among them, the calamoceratids and leptocerids (shredders) preferred softer leaves that have been partially digested by microbial enzymes and fungal activities (Quinn et al. 2000) coinciding with its higher abundance and diversity on those days. Many trichopterans were collector-gatherers, feeding on FPOM generated by the decomposition process and they were found in the cages until the leaves were completely decomposed.


    Several recent studies on leaf litter processing in tropical streams (Mathuriau & Chauvet 2002; Parnrong et al. 2002; Cheshire et al. 2005; Gonçalves et al. 2006; Wantzen & Wagner 2006; Shieh et al. 2007) have provided valuable insight regarding this process in the tropical rivers. However more field studies concerning leaf species preferences by aquatic insects especially among the EPT taxa are desirable. The interaction of river retentiveness and leaf decay rates can guide the riparian management to recommend more tree plantings to increase river supply of terrestrial organic carbon because in-stream nutrient dynamics are influenced by the litter inputs from riparian vegetation (Quinn et al. 2000; Che Salmah et al. 2013).


    CONCLUSION


    The leaves completely decomposed within 35 days in two species leaf pack and 42 days in single species leaf pack in the control packs. Insects of the order EPT helped in decomposing the leaf but not from the outset. Early stage of EPT colonisation on leaves mostly intricate the ephemeropterans. With the interference of EPT, the leaf breakdown rate was faster in both leaf packs, with the two species leaf pack completely decomposed within 28 days and both the single species in 35 days, showing that EPT had played a significant role in litter breakdown. Soften leaves attracted more EPT because soft leaves did not require more time to be softened by microbe and the leaves are available to the shredders. Mixture of many leaf species does encourage EPT assemblages as different type of species will have different coefficient rate. Many stages of litter breakdown in one leaf or in one microhabitat can be used as habitat and also as food source.
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    Abstrak: Dalam kajian ini, strain bakteria asid Laktik (LAB) telah dipencilkan pada medium MRS daripada tisu gastro-intestinal ikan keli Broadhead (Clarias macrocephalus). Daripada 50 isolat, 25 isolat didapati positif pada ujian penggunaan laktosa dan dikenal pasti sebagai cocci gram positif. Dengan menggunakan kaedah penyebaran cakera, satu daripada 22 isolat, iaitu, strain A5 menunjukkan hambatan terhadap tiga organisma penunjuk; Bacillus cereus, Staphylococcus aureus dan Salmonella thyphimurium. Susunan seksyen 16S rDNA dikenal pasti mengasingkan A5 sebagai ahli Lactococcus lactis, dengan 100% homologi DNA. Cecair supernatan bebas dari Lactococcus lactis A5 menunjukkan aktiviti perencatan terhadap kedua-dua patogen positif gram (Bacillus cereus dan Staphylococcus aureus) dan gram negatif patogen (Salmonella thyphimurium). Chloroform precipitated bacteriocin mengekalkan aktiviti antagonistik di hadapan katalase dan lysozyme; Dan benar-benar tidak aktif oleh rawatan Proteinase K. Bacteriocin mempunyai berat molekul 3.4 kDa, berdasarkan analisis SDS-PAGE dan ekstrak adalah haba stabil pada 37 °C dan 65 °C, selama 15 minit. Aktiviti antibakteria direncat dengan penambahan EDTA tetapi meningkat dengan ketara dengan penambahan SDS, Triton X-100, Tween 20 dan Tween 80. Bacteriosin ini tergolong dalam kelas 1 bacteriocin, yang ditunjukkan mempunyai sifat seperti nisin. Strain ini boleh digunakan sebagai probiotik yang berpotensi dalam pemakanan haiwan atau akuakultur; dan bacteriosin yang dihasilkan akan berguna dalam pengawet makanan.


    Kata kunci: LAB, Probiotik, Nisin, Bacteriocin, Lactococcus lactis


    Abstract: In this study, a Lactic acid bacteria (LAB) strain was isolated on MRS medium from gastro-intestinal tissues of Broadhead catfish (Clarias macrocephalus). Out of 50 isolates, 25 isolates were found to be positive on lactose utilisation test and were identified to be gram positive cocci. Using disc diffusion methods, one out of 22 isolates, i.e., a strain A5 demonstrated inhibitions against three indicator organisms; Bacillus cereus, Staphylococcus aureus and Salmonella thyphimurium. Partial 16S rDNA sequencing identified isolate A5 as a member of Lactococcus lactis, with 100% DNA homology. Cell free supernatant fluid from Lactococcus lactis A5 showed inhibitory activities against both gram positive pathogens (Bacillus cereus and Staphylococcus aureus) and gram negative pathogens (Salmonella thyphimurium). Chloroform precipitated bacteriocin retained antagonistic activities in the presence of catalase and lysozyme; and was completely inactivated by Proteinase K treatment. The bacteriocin has a molecular weight of 3.4 kDa, based on SDS-PAGE analysis and the extract was heat stable at 37°C and 65°C, for 15 minutes. The antibacterial activity was suppressed with the addition of EDTA but was significantly increased with the addition of SDS, Triton X-100, Tween 20 and Tween 80. This bacteriocin belongs to class 1 bacteriocin, which was shown to have a nisin-like properties. This strain can be used as potential probiotics in animal or aquaculture feeding; and the bacteriocin it produces will be useful in food preservative.


    Keywords: LAB, Probiotic, Nisin, Bacteriocin, Lactococcus lactis


    INTRODUCTION


    Driven by the increasing demand for animal protein and food security, aquaculture is a fast growing industry that becomes a vital economy in developing countries such as Malaysia. Intensive fish farming normally results in overcrowding and low water quality that promote diseases in fish. Ultimately, high mortality and costly treatment result in poor productivity and reduced marketability due to a less appealing fish appearances. Antibiotics have always been the treatment of choice in order to improve the growth and feed conversion in poultry and other animals (Shin et al. 2008). Overuse or misuse of antibiotics can potentially result in the emergence of resistant pathogens (Cabello 2006). There is also concern on the spread of antibiotic resistant gene from fish pathogen to that of humans (Korada & Yarla 2014). These have spurred the phenomenal search for alternative antimicrobial compounds through intensified natural product screening researches. Probiotic supplementation can reduce disease outbreaks by enhancing the immune system and increasing the feed efficiency of fish. The application of probiotics in aquaculture has been used as a mean to control disease, enhancing immune response, providing nutritional and enzymatic contributions to the digestion of the host and improving water quality (Korada & Yarla 2014; Qi et al. 2009; Rengpipat et al. 2000). Probiotics are live microbial feed supplements which improve the intestinal balance of the host microbiota (Fuller 1989), and the growth performance of larval or immature fish (Lara-Flores & Olvera-Novoa 2013). Probiotics could inhibit pathogenic organisms by producing antimicrobial substances such as hydrogen peroxide, organic acids, diacetyl, acetoin, reuterin, and bacteriocins (Rajaram et al. 2010). Antimicrobial compounds such as bacteriocin may become an alternative treatment in the prevention of bacterial diseases in fishes. Bacteriocins are ribosomally synthesised proteinaceous substances produced by bacteria that show antimicrobial activity against bacteria that is closely related to the producer strain (Trivedi et al. 2013). The fish gut was shown to be a natural habitat for probiotic microorganisms, as it is normally found in the digestive tracts of many fish species from different environments (Buntin et al. 2008).



    Lactic acid bacteria (LAB) are a heterologous group of bacteria widespread in nature and they are commonly found in milk, dairy products, plant material, intestinal tracts of humans and animals (Utkarsha & Milind 2013). Major groups of probiotic bacteria are LAB; which generally consists of gram-positive, catalase positive, non-motile and non-sporulating; and it produces lactic acid as a major product from carbohydrate fermentation. Ideally, LAB used in feed additives should be derived from the microbiota of the targeted animals (Kosin & Rakshit 2006)). Catfish aquaculture is popular in Malaysia and a species Clarias macrocephalus or locally known as Keli bunga are common species (Abu et al. 2010). In this study, an LAB strain was isolated from the gut of C. macrocephalus; and the bacteriocin it produces was purified and then characterised. The antagonistic potential of this bacteriocin against pathogenic microorganisms was investigated, in an attempt to explore its future use in aquaculture and other applications.


    MATERIALS AND METHOD


    Isolation and Identification of LAB Strains


    Digestive tracts from two catfishes (labeled as sample A1 and B1) were sterilely dissected and washed. The fish intestines were cut, weighed and homogenized in phosphate buffered saline (PBS) and vortexed. Samples were serially diluted with 0.85% NaCl, and were pour plated on MRS agar (Difco, USA). Following incubation at 30°C for 48 h, single colonies were picked out from the agar plates (10-6 dilution), sub-cultured onto MRS agar and further incubated at 30°C for 24 h to 48 h, until colonies became visible. Isolated colonies were inoculated into the MRS broth, incubated at 30°C for 24 to 48 h to reach 1 × 107 CFU/ml, and kept at -76°C under 15%(w/v) glycerol. The isolates were identified according to their morphological and biochemical characteristics by using gram staining, lactose utilisation, catalase test and sugar fermentation test using API 50 CHL strips (Biomerieux, France). The genomic extractions were also carried out for rDNA gene sequencing.


    For lactose utilisation test, the selected colonies were streaked onto lactose containing nutrient agar (NA) with of 0.005 g/L bromocresol purple as pH indicator dye. The plates were incubated at 30°C for 24 h. Isolates that were able to utilise lactose and produce acid were differentiated by the change in the media colour from violet to yellow. Catalase activity was tested by adding a drop of 30% hydrogen peroxide solution onto the cell smears. Only isolates that showed negative reaction were subjected to further tests for identification.


    To test for antimicrobial activity, the disc diffusion method was employed. Bacillus cereus ATCC 11778, Staphylococcus aureus ATCC 33592, Salmonella thyphimurium S1000, Escherichia coli ATCC 25922 and Pseudomonas aeruginosa ATCC 27853 were used as indicator microorganisms (retrieved from Institute Medical Research, IMR, Kuala Lumpur). Potential probiotic LAB strains were propagated in the MRS broth medium and incubated at 30°C for 24 h until cell density of 1 × 107 CFU/mL were reached. Sterile blank paper discs (Oxoid), were dipped into approximately 500 µl broth, air dried and placed unto plates pre-streaked with indicator organisms. The indicator cells were cultured overnight in Muller-Hinton (MH) broth. About 100 µl of these cultures (adjusted to approximately 1 × 106 CFU/ml ≈ 0.1 OD600nm) were spread over MH agar plates, in triplicates. The plates were incubated at 37°C for 24 h and the inhibition zones formed surrounding the discs were observed. The inhibition activities were measured based on minimal inhibition of two fold dilution series of samples.


    Fermentation test on the selected strain was carried out using API 50 CHL kit (Biomerieux, France) and for rDNA sequence analysis, the genomic DNA was extracted using QIAamp DNA mini kit (Qiagen, USA). The 16S rDNA gene fragments of ~1.5 kb were amplified using a pair of universal primers 27F and 1492 R (forward: 5’- AGA GTT TGA TCC TGG CTC AG -3’ and reverse: 5’- GGT TAC CTT GTT ACG ACT T-3’). Amplification was carried out in a total reaction volume of 50 µl, using DNA amplification kit (Vivantis, Malaysia). Reaction mixtures contained about 250ng DNA template, 1 µl of each forward and reverse primers (15 pmoles each) and 25 µl of 2X Taq Master mix (Vivantis, Malaysia). The 2X Taq Master mix contained Taq DNA polymerase at 0.05 Uml-1, 2X Vi buffer A, 0.4 mM dNTPs and 3.0 mM MgCl2. The amplifications were performed with initial denaturation at 94°C for 4 min, 29 cycles of denaturation (94°C for 2 min); annealing (55°C for 1 min); and final extension (at 72°C for 10 min) followed by a final holding at 4°C for 1 minute. Finally, 5.0 µl PCR products were subjected to (1.0 %) agarose gel electrophoresis. The gel was stained with ethidium bromide and analysed using a gel imager (Alpha Imager). The 16S rDNA sequencing was carried out at a sequencing agency (First BASE Laboratories Sdn. Bhd., Malaysia). The sequences were analysed using Multialign tool software. The Basic Local Alignment Search Tool Nucleotide (BLASTN) search tool was available online at National Centre for Biotechnology Information (NCBI) and accessible at http://www.ncbi.nlm.nih.gov. A phylogenetic tree was also generated using Software MEGA 2.1, using neighbour joining method in which the Staphyloccocus aureus gene was used as an out group.


    Extraction of Bacteriocin


    Solvent extraction method using chloroform was used in order to purify bacteriocin (Burianek & Yousef 2000). About 15 mL of chloroform was mixed with 30 mL of cell-free culture supernatant (at aqueous-solvent ratio 2:1) and this was vigorously shaken at 400 rpm for 20 min for mixing. Following centrifugation at 9000 rpm for 30 min at 18°C, the top aqueous layer was discarded and the interfacial precipitate was retained. The pellet was dried to eliminate residual chloroform in a speed vacuum and suspended in 0.85% NaCl. The recovered protein was then checked for antibacterial activity using the agar disk diffusion method, and quantified by using Bradford protein assay (Bradford 1976). The purified bacteriocin was subjected to other characterisations, and visualised using SDS-PAGE (Laemmli 1970).



    Antagonistic Assay


    The antibacterial spectrum of bacteriocin producing LAB was determined using the spot-on-lawn method (Barefoot & Klaenhammer 1983). Sterile paper discs (Oxoid) were impregnated with 50μl of the extracted bacteriocin. The paper discs containing bacteriocin were briefly air dried and layered on the MH agar of which the surface was pre-streaked with 10ml overnight culture of indicator organism, either Bacillus cereus or Staphylococcus aureus; or Salmonella thyphimurium. Each plate was done in triplicate and for negative control, 50 μl of MRS broth and chloroform (1:1) was used instead of the sample. The plates were incubated for 18 h at 37°C, and the diameter of inhibition zones were measured.


    Effects of Enzyme, EDTA, Detergents and Temperature on Antimicrobial Activity


    Enzymes used in this study were proteinase K (Oxoid), lysozyme (Oxoid) and catalase (Sigma), at 0.5 mgml−1 concentration. All preparations were incubated at 37°C for 2 h. The effects of EDTA and some detergents (SDS, Triton X-100, Tween 20 and Tween 80) on antimicrobial activities were also determined. The purified bacteriocin was incubated at 37°C for 2 h with SDS, EDTA, Triton X-100, Tween 20 and Tween 80 at concentrations of 1% and 8%. Using agar diffusion test, negative controls were also carried out containing these reagents without the bacteriocin extract. Sensitivity of bacteriocin to heat was verified by heating the bacteriocin produced by L. lactis A5 for 15 min at 37°C, 65°C, 100°C and 121°C. The disc diffusion assay was performed to detect activities against test organisms. After each treatment, both sample and control were tested for antimicrobial activities against S. thyphimurium by the disc diffusion assay as described above. Untreated extract containing bacteriocin was used as control.


    RESULTS AND DISCUSSION


    Screening for Lactic Acid Bacteria


    About 50 isolates were initially selected from two catfish samples; A1 and B1. Out of the 50 isolates, 22 isolates (11 from sample A1 and 11 from sample B1) were found to be positive towards the lactose utilisation test and showed to be catalase negative. Most of these colonies appeared as convex with entire margin, milky white circular in shape, found to be non-motile gram positive cocci and non-spore formers. Out of these, only one isolate, e.g. A5, demonstrated a broad spectrum inhibition against gram positive (Bacillus cereus, Staphylococcus aureus) and gram negative (Salmonella thyphimurium) pathogens (see Fig. 1, panel A, B and C). Other gram negative organism showed no inhibition. This isolate was selected further for characterisation analysis. Based on sugar fermentation tests, this isolate was able to ferment L-arabinose, D-xylose, galactose, glucose, fructose, mannose, N-acetyl-glucosamine, amygladin, arbutin, salicin, cellobiose, maltose, lactose, trehalose, starch and gentiobiose. This fermentation profile was consistent with that of genus Lactococcus. From various aquaculture species, other than Lactococcus, the isolations of Bacillus, Enterococcus, Lactobacilus, Pediococcus, Leuconostoc and Carnobacteria were also reported (Ringø & Gatesoupe 1998; Buntin et al., 2008 and Mohapatra et al., 2012).


    PCR amplification of the 16S rDNA gene from isolate A5 resulted in the amplification of 1.5kb product of an expected size rDNA gene. The 16S rDNA sequence was assigned with an accession number of KP064393 at NCBI Genebank database. Result from BLASTN search revealed a high similarity (~100%) of this strain to other Lactococcus lactis strains. This result was in agreement with the morphological and fermentation profile studies carried out above. As shown in Figure 2, a phylogenetic tree was then constructed with other LAB strains of Lactococcus sp. and Lactobacillus sp.


    On antagonistic test, isolate A5 showed zones of inhibition against Bacillus cereus, Staphylococcus aureus and Salmonella thyphimurium; at 12.0 mm, 14.0 mm and 14.0 mm inhibitory diameter, respectively (Fig. 1). Antagonism against closely related gram positive bacteria is a common feature of LAB. Meanwhile, the ability to antagonise gram negative strains were reported, however these were not as common. The antimicrobial action of LAB is mainly due to various factors including the production of metabolites such as organic acids (lactic and acetic acid), hydrogen peroxide, ethanol, diacetyl, acetaldehyde, acetoine, carbon dioxide, reuterin, reutericyclin and bacteriocins (Šušković et al. 2011).


    Characterisation of Bacteriocin Extract


    The purified fraction of bacteriocin produced a zone of inhibition of sizes between 12.0 to 14.0 mm diameter against indicator bacteria (Bacillus cereus, Staphylococcus aureus and Salmonella thyphimurium), as shown in Figure 1 (Panel D, E and F). Maximum inhibition was observed against Salmonella thyphimurium (14.0mm) followed by Staphylococcus aureus and Bacillus cereus. The inhibitory activities of the purified extracts were also consistent with results determined on the isolates, as shown in Figure 1 (Panel A, B and C). Lactococcus lactis was commonly reported to show antagonism against closely related species or gram positive species (Choi et al. 2000; Moreno et al. 2000). The complex structure of gram negative bacteria hindered their action (Gong 2010). Up to now, only a few bacteriocins have been reported to inhibit gram negative bacteria and these include bozacin (Todorov et al. 2007), lacticin (NK24) (Lee & Paik 2001) and bacteriocin HV219 (Todorov et al. 2006). Antagonistic activity against gram negative bacteria is of particular interest because there are limited reports concerning LAB bacteriocin which is active against gram negative bacteria. Moreover, antagonistic activity against gram negative pathogens would enhance its use in food preservation and safety. Especially, in the control of foodborne pathogens, the effective use of nisin was only possible when it was used in combination with other methods such as high hydrostatic pressure (HHP) or in the presence of chemical such as EDTA (Sokołowska et al. 2013; Strevens et al. 1991).
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      Figure 1: Antagonistic activities of isolate A5 crude supernatant against indicator microorganisms Panel A:Bacillus cereus (Panel A); Staphylococcus aureus (Panel B); Salmonella thyphimurium (Panel C); and each with a negative control (0.85% NaCl). The R1, R2 and R3 represent the replicates. Antibacterial activities of purified bacteriocin extract (using chloroform) towards Bacillus cereus (Panel D), Staphylococcus aureus (Panel E) and Salmonella thyphimurium (Panel F). Control was a mixture of MRS broth and chloroform. Labels R1, R2 and R3 represents the replicates.
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      Figure 2: The phylogenetic tree of 16S rRNA gene sequences for Lactococcus lactis A5 (KP064393) and other closely related lactic acid bacteria. The tree generated using on Neighbor-joining with scale bar equals 0.05 substitutions per nucleotide. Bootstrap values (%) are indicated at the branches from 1000 replications. Staphylococcus aureus. was used as an outgroup.

    



    Single step bacteriocin purification using chloroform resulted in a purified fraction at 74% recovery, as shown in the purification table (see Table 1). In SDS gel electrophoresis, purified fraction produced a single band of a size of about 3.4 kDa (Fig. 3). The low molecular weight range is in agreement with many bacteriocins reported for Lactococci especially nisin, the most extensively studied bacteriocin (de Vos et al. 1993). The small size bacteriocin is classified under Class I bacteriocin, a group called lantibiotic. Other than nisin, Lactococci were also reported to produce bacteriocin of slightly different molecular weight sizes. For example, Lactococcin BZ of 5.5 kDa molecular weight size was produced by Lactococcus lactis subsp. lactis BZ, isolated from Turkish boza (Şahİngİl et al. 2011). Other works had also reported on the low molecular weight bacteriocins isolated from Lactococcus lactis, ranging from 3 to 6 kDa (Aslam et al. 2012). Hence, being small in size, the bacteriocin from isolate A5 could also belong to nisin group, a lantibiotic.


    The effect of different treatments on purified bacteriocin such temperature, EDTA, enzymes and detergents were shown on Table 2. The bacteriocin was found to be stable at 37°C and 65°C (for 15 min) but it showed partial stability at 100 ºC by retaining at least 20% of its activity. Heat treatment at 121ºC for 15 min resulted in a complete lost of activity. Usually, nisin or other bacteriocin produced from Lactoccus sp. showed to be heat stable. There was a complete inactivation in antimicrobial activity of bacteriocin with proteinase K treatment, as observed by Rashid et al. 2013. Sensitivities to proteolytic enzyme confirmed the proteinaceous characteristic of bacteriocin as this was also exhibited with nisin (Aslam et al. 2012). The bacteriocin activity was unaffected by alkaline pH, lysozyme or catalase treatments, a result of which similarly shown by Lactobacillus plantarum G2, (Šušković et al. 2011). Therefore, the antagonistic activity of bacteriocins from strain A5 was neither due to hydrogen peroxide nor organic acids, an observation supporting that the bacteriocin is protein in nature (Todorov et al. 2011).



    Table 1: Purification table for purification of bacteriocin from the culture supernatant of strain A5.
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      Figure 3: Purified bacteriocin fraction analysed using SDS-PAGE (14% gel). Lane M: Protein marker (PageRuler Low Range Unstained Protein Marker 3.4-100kDa, Fermentas), Lane 1, 2 and 3 contained samples of purified bacteriocin showing 3.4 kDa molecular weight bands.

    



    Table 2: Sensitivities of bacteriocin extract from Lactococcus lactis strain A5 to temperature, enzymes and detergents.


    
      
        	Treatments

        	
          Zone of inhibitions (mm) ± SD

        
      


      
        	Temperature

        	
      


      
        	
          37°C

        

        	
          13.7 mm ± 0.58

        
      


      
        	
          65°C

        

        	
          13 mm ± 1

        
      


      
        	
          100°C

        

        	
          8.7 mm ± 0.58

        
      


      
        	
          121°C

        

        	
          No inhibition

        
      


      
        	Enzymes

        	
      


      
        	
          Proteinase K

        

        	
          No inhibition

        
      


      
        	
          Catalase

        

        	
          12.3 mm ± 0.58

        
      


      
        	
          Lysozyme

        

        	
          10.7 mm ± 0.58

        
      


      
        	Detergents (1%v/v)

        	
      


      
        	
          SDS

        

        	
          18 mm ± 0

        
      


      
        	
          Triton X-100

        

        	
          16 mm ± 0

        
      


      
        	
          Tween 20

        

        	
          16.3 mm ± 0.58

        
      


      
        	
          Tween 80

        

        	
          16 mm ± 0

        
      


      
        	
          EDTA

        

        	
          No inhibition

        
      


      
        	Detergents (8%v/v)

        	
      


      
        	
          SDS

        

        	
          16 mm ± 0

        
      


      
        	
          Triton X-100

        

        	
          17.7 mm ± 0.58

        
      


      
        	
          Tween 20

        

        	
          16.7 mm ± 0.58

        
      


      
        	
          Tween 80

        

        	
          16.3 mm ± 0.58

        
      


      
        	
          EDTA

        

        	
          No inhibition

        
      

    



    Note: SD = Standard Deviation



    The activity of extracted bacteriocin was significantly increased at 1% and 8% non-ionic detergents (Tween 20, Tween 80, Triton X-100) and an ionic detergent (SDS), but these activities were however suppressed upon treatment with EDTA. These trends were also observed by Aslam and co-workers (Aslam et al. 2012). However, in the case of lactococcin BZ, EDTA showed no effect (Şahİngİl et al. 2011). The addition of SDS to bacteriocin extract had enhanced its activity by 31%. The addition of anionic detergent had caused disaggregation of large molecules which resulted in a significant increase in antimicrobial effects (Malini & Savitha 2012).


    CONCLUSION


    A bacteriocin producing LAB strain was isolated from the gut of Malaysian broad head catfish. The morphological, biochemical and rDNA sequence analysis showed that an isolate A5 resembled to that of Lactococcus lactis. This strain produced an antibacterial protein of 3.4 kDa molecular weight size. This bacteriocin was active against common Gram positive pathogens tested, such as B. cereus and S. aureus; and it also shared many common properties with other nisin-like bacteriocin such as being small in size, heat stable and protease sensitive. However, unlike many other Lactococci bacteriocins of Group 1, it also showed an antagonistic activity against gram negative pathogens, such as S. thyphimurium. This result showed that a nisin-like bacteriocin can have a broad spectrum of antagonism showing inhibition against gram negative pathogen. This strain and the bacteriocin it produced have great potential for use in applications such as catfish feeding, or any other feeding formulation in aquaculture. In addition to having properties related to that of established nisin, being active against gram negative bacteria could broaden its antimicrobial properties useful in food preservation and safety.
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    Abstract: The nutritional composition of the dried seaweed Ulva lactuca from Pameungpeuk waters, including proximate, vitamins, minerals, dietary fibre and heavy metal has been carried out. The objective of this present study is to know the nutritional composition of the dried seaweed U. lactuca for utilisation in human nutrition in the future. Results show that carbohydrate was the major component in the proximate analysis of U. lactuca in the present study. The carbohydrate content was 58.1%. Moisture, ash, protein and fat content were 16.9%, 11.2%, 13.6% and 0.19% respectively, while dietary fibre was 28.4%. The vitamin A content was examined in this study less than 0.5 IU/100 mg while vitamin B1 (thiamine) and vitamin B2 (riboflavin) were 4.87 mg/kg and 0.86 mg/kg respectively. The calcium content was 1828 mg/100 g higher than other minerals. The heavy metal content examined in this study were lower than the limit of the quality criteria applied to edible seaweeds sold in Indonesia. Based on the results of this study show that U. lactuca has potential to be developed as an alternative source of a healthy food for human in the future.
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    INTRODUCTION


    Many current and potential uses of seaweeds have been identified and these have been separated into 10 categories: (1) agriculture, horticulture and agronomy, (2) uses in animal aquaculture, (3) aesthetics, (4) cosmetics, (5) environmental health, monitoring and remediation, (6) food, (7) health, thalassic and wellness, (8) industry, (9) pharmaceutical and pharmacology and (10) science, technology and biomedicine (Apaydin et al. 2010).


    Seaweeds have been used as food, animal feeds, fertiliser and as sources of traditional medicine in many Asian civilisations since ancient times. Seaweeds are excellent dietary sources of vitamins, proteins, carbohydrates and trace elements. In order to fully exploit the nutritional composition of various seaweeds collected from different part of the world have conducted (Rohani-Ghadikolael et al. 2012). The biochemical composition of marine seaweeds is generally known to be highly influenced by geographical location and local environmental condition (Rohani-Ghadikolalel et al. 2012).


    Seaweed not only possess nutrient potentials, but also nutraceutical potentials like antioxidant, antimutagenic, anticoagulant, anticancerous and antibacterial activity (Abirami & Kowsalya 2011). Hence, seaweeds can be considered as promising plants forming one of the important marine living resources of high nutritional value. Being plants of unique morphology and biochemical composition, U. lactuca could be exploited for their multifunctional properties in the form food, energy, medicine and as biotechnological tools (Abirami & Kowsalya 2011).


    Since prehistoric time, seaweeds had been remained a staple and vital part in Chinese, Japanese and Korean diet. Interestingly, China and Japan are the main contributors in world production-consumption scenario. Twenty percent of Asian diet is comprised of seaweeds that are relished not for their nutritional viewpoint but of unique and enchanting flavour. But in Western diet, the seaweeds are just used as food additives or extracts (Carvalho et al., 2009). Seaweeds are getting importance in various fields ranging from food to medical (Yu-Qing et al. 2016).


    The present study is the first published data on the proximate composition, vitamins, minerals and heavy metals content of U. lactuca collected from Pameungpeuk waters, Indonesia. As an edible seaweed, U. lactuca by coastal communities of Pameungpek generally utilised as delicious fresh vegetables. The purpose of this present study is to know the nutritional composition of the edible dried seaweed U. lactuca with a view to utilisation in human nutrition.


    MATERIALS AND METHOD


    Sample Collection and Preparation


    Seaweed sample was collected from Pameungpeuk waters, Indonesia. Immediately after collection, the seaweed sample was cleaned and washed with seawater to remove sand, debris, epiphytes and other extraneous matter attached to the thalli and transported to the laboratory. In the laboratory, the sample was sorted and then thoroughly cleaned by rinsing with distilled water to remove the surface salty materials. It was air dried with sun directly for five days and later ground in a blender. The powdered samples were subsequently kept in dark container and stored in the room temperature for further analysis.



    Proximate Analysis


    The moisture content (%) was determined by drying 2 g U. lactuca. The sample was put into an oven at 105°C and heated for 3 h. The dried sample was put into desiccator, allowed to cool and reweighed (AOAC, 1990). Ash content (%) was determined heating U. lactuca for 4 in a muffle furnace at 550°C until it turned white and free of carbon. The sample was then removed from the furnace, cooled in a desiccator to a room temperature and reweighed immediately (AOAC, 1990).


    Total fat content (%) was determined by loosely wrapping 2 g U. lactuca with a filter paper and put into the thimble which was fitted to a clean round bottom flask, which has been cleaned, dried and weighed. The flask contained 120 mL of petroleum ether. The sample was heated with a heating mantle and allowed to reflux for 5 h. The heating then stopped and the thimbles with the spent samples kept and later weighed (AOAC, 2000). Total protein (%) was calculated from the elemental N determination using the nitrogen-protein conversion factor of 6.25 according to the standard AOAC method (2000). The carbohydrate content (%) was estimated by difference: 100 – (moisture + ash + protein + fat) %. The dietary fibre content (%) was determined by weighting 2 g U. lactuca and 1 g asbestos and put into 200 mL of 1.25% of H2S04 and boiled for 30 min. Solution and content then filter by Buchner funnel and residue was put into 200 mL boiled NaOH. Boiling continued for 30 min, then transferred to the Buchner funnel and filtered. It was then washed twice with alcohol, the material obtained washed twice with petroleum ether. The residue obtained was put in a clean dry crucible and dried in the oven to a constant weight (AOAC, 1999).


    Vitamin, Mineral and Heavy Metal Analysis


    Vitamin A content was determined by using HPLC Alliance Waters, Photo Diode Array (PDA) with LiChrospher 100 RP-18 (5um) 4 mm × 250 mm column while vitamin B1 and B2 content were determined by using UPLC H Class Waters, Photo Diode Array (PDA) with ACQUITY UPLC BEH Amide 1.7 um 2.1 × 100 mm column. For the determination of minerals content (calcium, potassium, iron, and sodium) content was determined by the standard AOAC method (2000). Phosphorous content was determined by spectrophotometric method. While the heavy metals (mercury, cadmium, arsenic and lead) content were determined by the standard AOAC method (1980).


    RESULTS


    The dried seaweed Ulva lactuca from Pameungpeuk waters was studied for proximate, vitamins and minerals analysis. Proximate analysis was done for moisture, ash, protein, fat, carbohydrate and dietary fibre, values of which were found to be 16.9%, 11.2%, 13.6%, 0.19%, 58.1%, 28.4% (dry weight basis) respectively (Table 1). The high protein value but low fat was observed in U. lactuca. Carbohydrate and dietary fibre contributed higher value in U. lactuca.



    Table 1: Result analysis of nutrient content of U. lactuca.


    
      
        	
          Nutrients content

        

        	
          Results

        
      


      
        	Moisture (%)

        	
          16.9

        
      


      
        	Ash (%)

        	
          11.2

        
      


      
        	Protein (%)

        	
          13.6

        
      


      
        	Fat (%)

        	
          0.19

        
      


      
        	Carbohydrate (%)

        	
          58.1

        
      


      
        	Dietary fibre (%)

        	
          28.4

        
      


      
        	Vitamin A (IU/100 g)

        	
          < 0.5

        
      


      
        	Vitamin B1 (mg/kg)

        	
          4.87

        
      


      
        	Vitamin B2 mg/kg

        	
          0.86

        
      


      
        	Sodium (mg/100 g)

        	
          364

        
      


      
        	Calcium (mg/100 g)

        	
          1828

        
      


      
        	Iron (mg/100 g)

        	
          14.0

        
      


      
        	Potassium (mg/100 g)

        	
          467

        
      


      
        	Phosphorus (%)

        	
          0.05

        
      

    



    Vitamin analysis was done for vitamin A, vitamin B1 and vitamin B2, the values of which were found to be less than 0.5 (IU/100 g), 4.87 mg/Kg, 0.86 mg/Kg respectively (Table 1). Mineral contents are concerned, sodium (Na), calcium (Ca), iron (Fe), potassium (K) and phosphorus (P) were determined in which the values were found to be 364 mg/100 g, 1,824 mg/100 g, 14 mg/100 g, 467 mg/100 g and 0.06 mg/100 g, respectively (Table 1). Heavy metals’ analysis was done for mercury (<0.005 mg/Kg), arsenic (0.09 mg/Kg), cadmium (0.48 mg/Kg) and lead (0.18 mg/Kg) (Table 2).



    Table 2: Result analysis of heavy metal content of U. lactuca.


    
      
        	Heavy metal

        	
          Results (mg/Kg)

        
      


      
        	Mercury

        	
          < 0.005

        
      


      
        	Arsenic

        	
          0.09

        
      


      
        	Cadmium

        	
          0.48

        
      


      
        	Lead

        	
          0.18

        
      

    




    DISCUSSION


    The moisture, ash, protein, fat, carbohydrate and dietary fibre of U. lactuca collected from the Pameungpeuk waters, Indonesia is shown in Table 1. Moisture content is an important criterion in determining the shelf-life and quality of processed seaweed meals as, high moisture may hasten the growth of microorganisms (Rohani-Ghadikolalel et al. 2012). In this study, the moisture content was 16.9%. This result was higher than previous study range 0.95%–14.57% (Khairy & El-Shafay 2013) and 10.5% (Abirami & Kowsalya 2011).


    Apart from the species specific difference, geographical location and local environmental condition can influence the proximate composition of seaweeds (Rohani-Ghadikolalel et al. 2012). In addition, by drying and storage of samples are likely to affect the moisture content of the samples examined. Until now, the National Standardization Agency of Indonesia has not yet set a quality standard of seaweed U. lactuca. If compared with other commercial species sold in Indonesia, such as Eucheuma sp. (32%,), Gracilaria sp. (25%), Turbinaria sp. (20%) and Sargassum sp. (20%), the moisture obtained in this study is relatively low.


    The ash content in U. lactuca was examined in this study, 11.2%. This result was higher than reported by Abirami and Kowsalya (2011) was 10.5% and Ortiz et al. (2006) was 11%, but lower than reported by Rohani-Ghadikolalel et al. (2012) was 12.4%, Khairy and El-Shafay (2013) range between 17.56–24.49% and Abdel-Khaliq et al. (2014) was 17.6%.


    The protein content in U. lactuca was examined in this study, 13.6%. This result was higher than the protein content was reported by Tabarsa et al. (2012) in the U. lactuca was 10.89% and Abirami and Kowsalya (2011) was 12.9%, but lower than reported by Xiao-Lim et al. (2003) was 15.50%, Ortiz et al. (2006) was 37.2%, Abirami and Kowsalya (2011) was 12.9%, Khairy and El-Shafay (2013) range between 16.78–17.88%, and Abdel-Khaliq et al. (2014) was 17.6%. Burtin (2003) reported that the protein content in green and red seaweeds are generally higher (ranging from 10% to 30%) compared to brown seaweeds (ranging from 5 h to 15%).


    The fat content was examined in this study, 0.19%. This result lower than reported by Xiao-Ling et al. (2003) was 1.18%, Abirami and Kowsalya (2011) was 1.2% and Abdel-Khaliq et al. (2014) was 0.7%. Apparently, the fat content of U. lactuca are relatively in low. Based on the result found in this study and the previous reported show that U. lactuca can be regarded as an alternative source of a healthy food for human which has high protein but low in fat.


    Carbohydrate is the most important component for metabolism as it supplies the energy needed for respiration and other metabolic processes. (Khairy and El-Shafay, 2013). Carbohydrate was the major component in the proximate composition of U. lactuca examined in the present study. The carbohydrate content was 58.1%. This result is higher than reported by Chakraborty and Santra (2006) for U. lactuca was 35.5%, Khairy and El-Shafay (2013) range between 42.09–46.42% and Abdel-Khaliq et al. (2014) was 55.6%, but lower than reported by Ortiz et al. (2006) for U. lactuca was 61.5%) and 64.2% by Abirami and Kowsalya (2011).



    The dietary fibre content was examined in this study, 28.4%. This result lower than reported by Ortiz et al. (2006) 60.5%. High levels of dietary fibre content in U. lactuca may be considered a potential alternative source of dietary fibre. Vitamin A was examined in this study less than 0.5 IU/100 mg while vitamin B1 (thiamine) and vitamin B2 (riboflavin) are 4.87 mg/kg and 0.86 mg/kg respectively.


    The mineral composition examined in this study is shown in Table 1. Calcium content was 1828 mg/100 g higher than other minerals. Potassium, sodium, iron and phosphorus content are 467 mg/100 g, 364 mg/100 g, 14 mg/100 g and 0.05 respectively. Calcium and iron content examined in this study higher than reported by Abirami and Kowsalya (2011) was 1094 mg/100 g and 2.3 mg/100 g. But phosphorus content lower than reported by Abirami and Kowsalya (2011 was 86 mg/100 g. The minerals composition and concentration are species and location specific because seaweeds are able to selectively absorb minerals’ from the surrounding seawater and accumulate them in their thalli (Rohani-Ghadikolalel et al., 2012)


    The heavy metal content examined in this study is shown in Table 2. Mercury content is less than 0.005 mg/Kg, whereas arsenic, cadmium and lead were in level of 0.09 mg/Kg, 0.48 mg/Kg and 0.18 mg/Kg respectively.


    According to Burtin (2003) seaweeds must meet safety regulation in term of toxicological and bacteriological criteria. This regulation, in addition to the potential nutritional properties of seaweeds, allows the food industry to include seaweeds as raw or semi-processed materials in the formulation of seafood products. The quality criteria applied to edible seaweeds sold in Indonesia revealed the standards according to the National Standardization Agency of Indonesia, where the upper limit for arsenic, cadmium and mercury were less than 1 mg/Kg, while the upper limit for lead was less than 1.5 mg/Kg. The heavy metal content reported in this study was within the tolerable based on the qualification criteria for edible seaweeds sold in Indonesia.


    CONCLUSION


    The seaweed U. lactuca examined in this study has high protein, carbohydrate and dietary fibre content but low in fat. The result of this study shows that U.lactuca may be considered to be developed as an alternative source of a healthy food for human in the future.
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    Abstrak: Dalam makalah ini, kami mengkaji beberapa aspek biologi daripada big eye scad (Selar crumenophthalmus) dari Maldives. Sampel ikan dikumpulkan dari pasar ikan tempatan di Bangaa Faru, Male, Maldives. Panjang sampel adalah antara 7.7 cm hingga 24.5 cm (nilai min = 16.85±2.82 cm) mengikut panjang cabang sirip (FL). Berat badan antara 8 g hingga 255.6 g (nilai min = 87.76±40.41 g). Nilai eksponen (cerun b) hubungan berat badan S. crumenophthalmus adalah 2.9838 untuk betina dan 2.7687 untuk jantan; menunjukkan corak pertumbuhan alometrik negatif bagi kedua-dua jantina. Tingkah laku pembiakan selari diperhatikan dalam kedua-dua jenis jantina dan puncak indeks Gonado-somatic yang diperhatikan pada ikan betina pada bulan Januari 2013. Dianggarkan bahawa panjang pada kematangan pertama (L50) bagi ikan betina adalah pada 19.39 cm FL dan bagi ikan jantan pada 21.76 cm FL. Hasil kajian juga mencadangkan bahawa big eye scad mempunyai keupayaan renang berkurangan, menyebabkan spesies mudah ditangkap. Perancangan dan pengurusan yang teliti perlu dilaksanakan untuk mengelakkan masalah mata yang terlalu besar.


    Kata kunci: Selar crumenophthalmus, Indeks Gonado-somatic, Biologi Pembiakan, Male’ Maldives, Saiz Matang


    Abstract: In this paper, we studied some biological aspects of big eye scad (Selar crumenophthalmus) from Maldives. The fish sample was collected from the local fish market at Bangaa Faru, Male, Maldives. The length of the samples were ranged from 7.7 cm to 24.5 cm (mean value = 16.85 ± 2.82 cm) in fork length. Body weight ranged between 8 g to 255.6 g (mean value = 87.76 ± 40.41 g). The exponent values (b slope) of lengthweight relationship of S. crumenophthalmus are 2.9838 for females and 2.7687 for males; indicating negative allometric growth pattern for both sexes. Synchronous reproductive behaviour was observed in both sexes and a pronounced peak of Gonadosomatic index was observed in females in January 2013. It is estimated that length at first maturity (L50) for females is at 19.39 cm FL and for males at 21.76 cm FL. Our result also suggest that big eye scad have a reduced swimming capability, resulting the species to be easily caught. Careful planning and management should be implemented to prevent the big eye scad from being overfished.


    Keywords: Selar crumenophthalmus, Gonado-somatic Index, Reproductive Biology, Male’ Maldives, Size at Maturity


    INTRODUCTION


    Bigeye scad (Selar crumenophthalmus) of the family Carangidae is a small coastal pelagic fish that is abundantly found in the coastal waters of the Maldives. It is quite a popular fish. Other than being consumed as a traditional delicacy, the fish are also used as bait to catch tuna. Therefore, bigeye scad is considered both socially and economically important for the Maldives.


    Maldives is a small island nation comprising of 1200 coral islands grouped into 19 widely dispersed atolls covering an area of nearly 90 000 km2 in the Indian Ocean (Adam 2006) (Fig. 1). Although the country’s Exclusive Economic Zone (EEZ) covers an area of 1 million km2, the main capital, Male is only 2 km in length and 1 km in width with a population of 109,494 (HIES 2012). As a nation surrounded by water, fishing is the most dominant activity and the second largest contributor to the country’s GDP after tourism industry (Latheefa 2004; Solah 2007; Charles 2005; Latheefa et al. 2011).
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      Figure 1: Location of Bangaa Faru sampling site.

    



    To maintain an efficient and sustainable fishing industry, one of the main aspects that needs to be monitored is the understanding of the fish reproductive biology. Information about the reproductive biology could be conveyed to the related authorities to monitor the fish productivity and prevent over-exploitation of the fish population (Morgan 2008). Such information also suggests the suitability of fish as biological indicators of environmental stability (John et al. 2009).


    Sex ration provides the basic information needed for the assessment of the potential of reproduction and stock size estimation (Vicentini & Araujo 2003). Another important is the correct estimations of size of first maturity or length at which 50% of the fish are mature are essential in fish stock management (Nelson et al. 2009). The study of length weight relationship in fishes is used in various applications (Beverton & Holt 1957; Ricker 1958) such as the estimation of stock size and exploitation (Dulčič & Kraljević 1996). The general expectation for length weight relationship is that, the variation of weight does not follow the cube law of length-weight relationship (Rounsefell & Everhart 1953), since fishes normally do not retain the same physiology throughout their lifespan (Le Cren 1951).


    With the exception of Hafiz (1990), there is no detailed analysis of the biological analysis of S. crumenopthalmus from the Maldivian waters. There are other studies from all over the world, Kawamoto (1973) studied a detailed biology of the fish, followed by Clarke and Privitera (1995) in Hawaii. A growth length frequency analysis was conducted in Indonesia by Sadhamoto and Atmadja (1985). A more modern approach using ELEFAN in FISAT software was conducted by Mansor et al. (1996) for bigeye scad in Malaysia. According to Adeeb et al. (2014), based on the exploitation rate, the fish is dangerously overexploited in Bangaa Faru, in Male’ atoll Maldives. Alarmingly Panda et al. (2015) also shows a similar trend of overexploitation in Mumbai, north-west coast of India.


    The objectives of this study are to discover sex ratio, classify the gonad stages, calculate the gonadosomatic index and to estimate the length at first maturity and length weight relationship for bigeye scad S. crumenophthalmus in Bangaa Faru, Maldives.


    MATERIALS AND METHODS


    Study Site and Sampling Procedure


    A total of 1648 bigeye scads (356 males, 143 females and 1149 immature individuals) was randomly sampled from the commercial catch in the local fish market in Male, from September 2012 to February 2013. The samples were caught from Bangaa Faru area, a popular bigeye scad fishing spot located near Male. The samples were fresh captured fish. Measurements and dissections were quickly performed to prevent measurement bias and sample decay. The fishes were sampled from various vendors to reduce selective preference bias.



    Length and Weight Measurement


    Each individual fish was measured for the fork length (FL) to the nearest centimetre using a tape measure and body weight (BW) was recorded for nearest 0.1 g using a portable digital scale (HD005 electronic scale).


    Gonad Extraction and Measurements


    Each fish was dissected in the abdomen region using scissors and knife. The gonads were usually located below the intestine and near the backbone base. Gonad weight was taken to the nearest 0.1 g using an electronic balance (model HD005) and length of the gonads were measured on a measuring board using a ruler to the nearest centimetre.


    Sex Ratio


    The sex of each specimen was identified by physical examination of the gonads. The proportion of the two sexes relative to one another was used to calculate the sex ratio.


    Gonad Stages Identification


    Macroscopic identification of gonads was done based on Five – point Maturity scales for partial spawners (Holden & Raitt, 1974). The gonad developmental stages are categorised as immature (Ovaries and testis about 1/3 length of the body cavity), maturing (Ovary and testis about ½ length of the body cavity and ovary are pinkish without visible ova to the naked eye and whitish testis), ripening (Ovary and testis takes about 2/3 length of the body cavity and ovary with granular appearance and whitish to creamy testis), ripe (Ovary and testis from 2/3 to the full length of the body cavity. Ovary with conspicuous superficial blood vessels and testis is whitish to creamy and soft) and last stage as spent (Ovary and testis shrunken to about half-length of the body cavity and loose walls).


    Gonadosomatic Index (GSI)


    The gonadosomatic index was calculated as a percentage of body mass. It is represented by the formula: GSI = [Gonad Weight / Total Tissue Weight (weight of fish)] x 100. This was calculated for each individual and a monthly average for each sex was established. The GSI calculation were pooled based on the sex of fish regardless of the gonad maturity stage.



    Length at First Maturity (L50)


    Length at first maturity or size in which 50% of the individuals are mature was calculated using the following equation:


    The L50 was estimated using the following equation (Silberberg et al. 2001):


    [image: art]


    where P = proportion of mature fish at a specific length class (measured as total length); a and b are model parameters to be estimated; FL = fork length.


    Length Weight Relationship


    The relationship between the fork length and weight of the fish were estimated by:


    W = a Lb


    W is weight (g), L is fork length (cm), a is constant of proportionality and b is the length of exponent or slope. The values of the exponent b provide information on the growth of the fish. When b is equal to three (b = 3), increase in weight is isometric. When the value of b is other than 3, weight increase is allometric, (positive allometric if b > 3, negative allometric if b < 3). Model parameters for L50 and length-weight relationship were obtained using calculation on SPSS 21 and Microsoft Excel.


    RESULTS


    Sex Ratio


    Out of 1648 bigeye scads collected, 69.7% of the specimens were immature, while 21.6% were males and 8.7% were females (Table 1). Hence the male female sex ratio is 1:0.39. The male to female ratio was low in September (1:0.30) and highest in December (1:0.46). Except during September 2012, the number of indeterminate or immature individuals was high during the study period. The number gradually increased until December 2013 then the numbers decreased in February 2013 (January 2013 = 365 immature individuals to February 2013 = 64 immature individuals). Figure 2 shows the percentage of males, females and immature individuals.



    Table 1: The estimated sex ratio values for Selar crumenophthalmus in Bangaa Faru.


    
      
        	Sex ratio
      


      
        	

        	
          Male

        

        	
          Female

        

        	
          Immature

        

        	
          M

        

        	
          F

        
      


      
        	September 2012

        	
          67

        

        	
          20

        

        	
          22

        

        	
          1

        

        	
          0.30

        
      


      
        	October 2012

        	
          32

        

        	
          13

        

        	
          92

        

        	
          1

        

        	
          0.41

        
      


      
        	November 2012

        	
          71

        

        	
          28

        

        	
          222

        

        	
          1

        

        	
          0.39

        
      


      
        	December 2012

        	
          125

        

        	
          58

        

        	
          383

        

        	
          1

        

        	
          0.46

        
      


      
        	January 2013

        	
          51

        

        	
          20

        

        	
          365

        

        	
          1

        

        	
          0.39

        
      


      
        	February 2013

        	
          11

        

        	
          4

        

        	
          64

        

        	
          1

        

        	
          0.36

        
      

    



    Gonad maturity stages identification: The ovaries were orange in colour, thin and ova were not visible to the naked eye during gonad stage one. Colour, size and ova visibility gradually increased as the ovaries matured. Ovaries of gonad stage four appeared bright orange in colour with conspicuous superficial blood vessels and ripe ova were visible to the naked eye and occupied almost the entire body cavity (Fig. 3a). The immature testes were flatter and pale white. As the testes matured, it became more whitish in colour and broader and occupied about three quarters of the body cavity (Fig. 3b). The weight of the gonads in males and females increased as they matured. Sexual dichromatism was observed in the mature fish. The soft portion of the anal fin appeared to be black in males and white in females.
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      Figure 2: Monthly sex distribution of Selar crumenophthalmus.

    



    Gonad stages identification was done for four months, starting from November 2012 to February 2013. Majority of observed male gonads were at stage one and this number declined as the study progressed. Except for December 2013, gonad stage five was not observed at any time (Fig. 4a). In this study fully matured gonads were seldom observed. However, a steady increase in the occurrence of gonad stages II and III was observed.
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      Figure 3a: Ovary size variation in Selar crumenophthalmus. From right to left, as the ovaries matured their size and development increased.
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      Figure 3b:Testis size variation in Selar crumenophthalmus. From right to left, as the testis matured their size and development increased.

    


    In females, observation of gonad maturity stage I gradually decreased from 17 individuals having gonad stage I in November to one individual in February (Fig. 4b). Similar to males, females also had an increase in the occurrence of gonad stages from stage I to stage IV and then the number declined from January 2013 onwards. Unlike male individuals, in females all the gonadal stages were observed more often. However, gonad stage five was not observed in females. The maximum-recorded weight of the gonads was 10.7 g (mean value = 1.83±1.53) for a stage four female gonad and the maximum-recorded length was 6.1 cm (mean value = 2.14±1.89).
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      Figure 4a: Male gonad maturity stages of Selar crumenophthalmus.

    


    


    
      [image: art]


      Figure 4b: Female gonad maturity stages of Selar crumenophthalmus.

    


    Gonadosomatic index: The mean GSI value increased to 2.06 in October 2012 from 1.97 in September 2012 and then the value plunged to 1.07 in November 2012. Afterwards, mean GSI value rose to its peak value of 2.47 in January 2013 and later decreased to 1.43 in February 2013. In males, the mean GSI value gradually decreased from 1.36 in September to 0.93 in November. Subsequently, it steadily increased from 1.00 in December to 1.23 in February 2013. Unlike female bigeye scads, male GSI value does not show a distinctive peak. However, there were considerable differences between the GSI values of males and females. The index value of females was higher than of males and the variation of gonad index corroborates the observations of maturity stages (Fig. 5).
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      Figure 5: Monthly GSI of Selar crumenophthalmus.

    


    Length at first maturity: The smallest female observed was 17.4 cm FL whereas smallest male observed was 15.5 cm FL. The smallest mature male and female observed have a fork length of 17.5 cm and 18.5 cm respectively. It was found that fish lengths smaller than 15.0 cm FL have been always immature and fish lengths above 19.5 cm FL were mature throughout the study sample. It is estimated that S. crumenophthalmus from Bangaa Faru attains length at first maturity for females at 19.39 cm FL whereas for males at 21.76 cm FL (Fig. 6a and 6b respectively). The fork length of the combined study sample ranged from 7.7 cm FL to 24.5 cm FL (mean value = 16.85±2.82 cm).
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      Figure 6a: Length at first maturity for female Selar crumenophthalmus.
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      Figure 6b: Length at first maturity for male Selar crumenophthalmus.

    


    Length weight relationship: Overall 1648 specimens were chosen for the study of length weight relationship. There was a significant relationship between the fork length (t = 248.375, df = 355, P < 0.0001) and weight (t = 78.134, df = 355, P < 0.0001) of males and females of Selar crumenophthalmus in the Bangaa faru. The b values of S. crumenophthalmus are 2.9838 for females (Fig. 7a), 2.7687 for males (Fig. 7b) and 2.8303 for pooled data (Fig. 7c). The results indicate that the fish follow the cube law. The growth is proportionally three-dimensional. Based on the slope values of b, all the categories fall into the lighter group (b < 3). Hence, S. crumenophthalmus in Bangaa faru shows negative allometric growth. The body weight of the sample ranged from 7.7 g to 255.6 g (mean value = 87.76±40.41 g). The mean weight for males is 121.50±29.34g, female is 145.22±33.07 g and indeterminate or immatures have a mean weight of 70±29.50 g). The minimum and maximum fork length for females are 17.4 cm and 24.5 cm (mean value = 20.19±1.55) respectively. For males the minimum and maximum fork length are 14.7 cm and 23.6 cm (mean value = 19.04±1.51) respectively.


    DISCUSSION


    Selar crumenophthalmus is widely distributed in the warm coastal waters of the Atlantic, Indian and Pacific oceans (Kazama 1977; Mablouke et al. 2013). The fish is heterosexual and iteroparous and aggregate to spawn (Clarke & Privitera 1995; Weng & Sibert 2000). The species exhibits sexual dimorphism and sexual dichromatism (Shameen & Dutt 1984; Clarke & Privitera 1995;).


    Previous study from Kawamoto (1973) suggests that the bigeye scad reproduction extends over a period of six to seven months between March and September. However, based on our results, the appearances of immatures were higher in October to February suggests a slight shorter recruitment period in Bangaa faaru. Our result also suggests the peak spawning period for the females is in January based on the highest GSI value. We acknowledge that our data collection did not encompass a full one-year observation due to time and budget limitation. However, we are confident that based on the quantity of samples, our data could provide the necessary information. Clarke and Privitera (1995) reported that bigeye scad in Hawaiian waters spawns every three days during their spawning season from April to October. Mansor et al. (1996) reported the spawning of bigeye scads in the East coast of Peninsular Malaysia using the mean GSI and suggests that spawning is from April–May and November–December in 1993 and February–March and August–October in 1994. Roux and Conand (2000) stated that S. crumenophthalmus have an annual reproductive cycle and spawning occurs mostly from October to December. Iwai et al. (1996) observed that natural spawning of a captive sample from Hawaiian waters occurred during their first year of captivity and the brood stock spawned repetitively throughout the second and third year in culture. Spawning in captive fish occurred during nighttime with a majority of spawning activity during the predawn hours (Iwai et al. 1996) whereas Podosinnikov (1990) reported that mass spawning occurred during nighttime in Gulf Aden.
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      Figure 7a: Length-weight relationship of female Selar crumenophthalmus.
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      Figure 7b: Length-weight relationship of male Selar crumenophthalmus.
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      Figure 7c: Length-weight relationship of pooled data Selar crumenophthalmus.

    



    Roos et al. (2007) noted that, monthly distribution of males and undetermined or immatures occurred in November, gradually attaining adulthood from December to February. A similar trend also was observed in this study as the number of immatures were higher in the study period of six months and the maximum percentage of mature individuals were observed in September and February. Clarke and Privitera (1995), based on their sample from Hawaii; had noted that the smallest mature male was 19.9 cm in standard length for males whereas for females the standard length was more than 21.0 cm. Kawamoto (1973) reported that length at first maturity for Hawaiian bigeye scad as 23.0 cm and in Indian waters bigeye scad size ranges between 10 cm in 6 months old fish and 26.5 cm in 3 years old fish (Joseph & Jayaprakash 2003). However, in this study, the smallest individual observed was 84.0 cm (in FL) and the largest was 245 cm (in FL). In the Philippines the maximum length observed was 23.0 cm FL (Dalzella & Peñaflor 1989) and 22 cm FL was observed on Reunion Island (Roos et al. 2007).


    The findings of the growth this study was similarly demonstrated by Gonzales et al. (2000) which also it showed a negative allometry (b < 3) of 2.78. However, the findings of Roos et al. (2007) and Rumpet et al. (1997) differ from this study, as they showed that S. crumenophthalmus has a positive allometry (3.25). Our result suggests that the fish grows faster in weight than length (Froese 2006; Lleonart et al. 2000). Differences in length weight relationships can occur due to environmental, seasonal changes and population (Froese 2006). Roos et al. (2007) and Rumpet et al. (1997) reported that the specimens were caught by hand line and beach seine for the former study and a high opening otter trawl net for the latter study. For this study, the fishing gear used was pole and line and this could have created a bias in the results (Kipling 1962). In this study, the samples were obtained from the commercial market, which infers that most of the stock are the most easily and commonly caught among the fishermen. The reduced in length whilst an increase in body weight do suggest that the bigeye scad population in Bangaa Faaru have a reduced swimming capability, hence why it is quite easily fished. While this is beneficial to the local fishermen, such allometric trend could lead to over-exploitation of the bigeye scad population. Such predicament had been reported by Adeeb et al. (2014) and Panda et al. (2015)


    This study provides the first description of S. crumenophthalmus reproduction in Maldivian waters. Our overall results provide a preliminary outlook on the reproductive biology of bigeye scad in Maldives, however, further sampling sessions and a longer study period might yield a better result in the future.
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    Abstrak: Struktur komuniti Ephemeroptera, Plecoptera dan Trichoptera (EPT) dan sensitiviti khusus genera EPT tertentu didapati dipengaruhi oleh parameter air di dalam sungai Hutan Simpan Gunung Jerai (HSGJ) di utara Semenanjung Malaysia. Skala kekayaan taksonomi EPT > 10 di semua sungai menunjukkan bahawa semua habitat sungai tidak terjejas, yang mempunyai kualiti air yang baik bersamaan dengan klasifikasi Kelas I dan Kelas II indeks kualiti air Malaysia (WQI) bagi air minuman. Kelimpahan EPT adalah sangat tinggi di Sungai Teroi (9,661 individu) tetapi kepelbagaian lebih rendah (22 genera) daripada Sungai Tupah yang sangat pelbagai (28 genera) tetapi lebih rendah (4,263 individu). Keanekaragaman yang paling rendah dan sederhana telah dicatatkan dari Sungai Batu Hampar (25 genera). Baetis spp. Dan Thalerosphyrus spp., Neoperla spp. dan Cheumatopsyche spp. adalah genera yang paling biasa dijumpai. Klasifikasi untuk semua sungai yang menggunakan Indeks Kekayaan taxa EPT dan WQI memberikan kategori kualiti air yang berlainan. WQI mengklasifikasikan sungai Tupah dan Batu Hampar ke Kelas II dan Teroi River (Kelas I) adalah dua kelas di atas klasifikasi Indeks Kesejahteraan EPT.


    Kata kunci: Ephemeroptera, Plecoptera, Trichoptera, Indeks Kualiti Air, Indeks EPT


    Abstract: The Ephemeroptera, Plecoptera and Trichoptera (EPT) community structure and the specific sensitivity of certain EPT genera were found to be influenced by water parameters in the rivers of Gunung Jerai Forest Reserve (GJFR) in the north of peninsular Malaysia. The scores of EPT taxa richness of >10 in all rivers indicated all rivers’ habitats were non-impacted, having good water quality coinciding with Class I and Class II of Malaysian water quality index (WQI) classification of potable water. The abundance of EPT was very high in Teroi River (9,661 individuals) but diversity was lower (22 genera) than Tupah River which was highly diverse (28 genera) but lower in abundance (4,263 individuals). The lowest abundance and moderate diversity was recorded from Batu Hampar River (25 genera). Baetis spp. and Thalerosphyrus spp., Neoperla spp. and Cheumatopsyche spp. were the most common genera found. Classification for all rivers using EPT taxa Richness Index and WQI gave different category of water quality, respectively. The WQI classified Tupah and Batu Hampar rivers into Class II and Teroi River (Class I) was two classes above the classification of the EPT taxa Richness Index.


    Keywords: Ephemeroptera, Plecoptera, Trichoptera, Water Quality Index, EPT Taxa Richness Index.


    INTRODUCTION


    In Asian inland aquatic ecosystem, various factors has threatened biodiversity which are related to human activities (Yule & Yong 2004; Gopal 2005; Dudgeon 2000; 2008). Being a nation with the highest consumption of water, freshwater resources in Malaysia especially streams and rivers became the ultimate importance to the country development by contributing up to 98% of the overall water consumption (DOE 2002). Unfortunately, few studies conducted in northern region of Peninsular Malaysia showed that many rivers were contaminated with pesticides, industrial wastes and heavy metals (DOE 2003; Al Shami et al. 2010; Salman et al. 2010). More research towards understanding the ecological and biological responses of rivers to pollution and development of assessment methods are urgently needed to protect these ecosystems (Yap 2005; Azrina et al. 2006; Che Salmah et al. 2007).


    Most of the studies on benthic macroinvertebrates in relation to water quality evaluation have included analyses on community of Ephemeroptera, Plecoptera and Trichoptera (EPT) (Rosenberg & Resh 1993; Suhaila et al. 2011; Suhaila et al. 2014; Suhaila & Che Salmah 2014; Suhaila et al. 2016). EPT are very much intolerable to any presence of pollutants in the water bodies and thus EPT are crucial biological indicators in determining water quality of the river. In many instances, active anthropogenic activities nearby the river can have an effect on abundance and diversity of EPT (Wan Mohd Hafezul et al. 2016). Among the EPT, Plecoptera (stonefly) is the most sensitive to changes in water quality. Their low motility (Lazaridou-Dimitriadou 2002) and high heterogeneity suggests inevitable reactions towards changes in water quality from some members (Hellawell 1986). The presence of EPT species denotes that parameters in the habitat is within the tolerance limit of the species.Apart from Plecoptera, Trichoptera larvae and Ephemeroptera (mayflies) nymphs are also good bioindicators of the freshwater quality and ecological changes because most of the genera are only able to survive in rivers or streams with a good quality of water (Chapman 1996; Azrina et al. 2006; Suhaila et al 2014; Suhaila & Che Salmah 2014) and their distributions are strongly dictated by their tolerance to a set of environmental factors (Dudgeon 1984).


    Communities of EPT are usually dominant in headwater rivers and the evaluation of water quality using these three insects orders are decent enough and satisfactorily accurate (Bonada et al. 2006; Suhaila et al. 2011, 2014). Therefore, this study was conducted to assess the quality of water through EPT assemblages in respective rivers and compared them with the conventional chemical classification of water quality exercised by the Malaysian Department of Environment.



    MATERIALS AND METHODS


    Study Area


    This study was carried out in rivers of Gunung Jerai Forest Reserve (GJFR) in the state of Kedah, in the northern peninsular Malaysia (Fig. 1). At the height of 1217 m above sea level, Gunung Jerai (Kedah peak) (N5°47.44’E100°26.4’) has been deformed by granite plutonic intrusion and quartz porphyry (Chow 1980) bordering Kuala Muda and Yan districts. Eight rivers (streams) run down the peak of Gunung Jerai Forest Reserve within its catchment and three easily accessed rivers were selected for this study; Tupah River, Batu Hampar River and Teroi River. The physicochemical characteristics of the rivers: water depth, water temperature, velocity, pH and river width were measured using flow probe (Global Water, USA) for velocity and depths while pH and water temperature were measured using YSI Professional Plus Multi-Probe Meter Series 1550A (YSI Incorporated, USA).
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      Figure 1: Location of sampling areas, Tupah, Batu Hampar and Teroi Rivers in Gunung Jerai Forest Reserve, Kedah. Source: Department of Irrigation and Drainage, Kedah.

    



    Tupah river


    This second order river is located in Kuala Muda district. The 5.6 km long, 0.32±0.045 m of mean depth with mean width of 4.14±0.277 meter river entres Merbok River, which flows into the Straits of Malacca. The fast flowing Tupah River (0.56±0.157 m/s) has a yearly mean water temperature ranged from 22.8 to 25.7ºC while the water pH ranging from 5.03 to 6.66. Tupah River composes of low land dipterocarp forest at 100–200 m above sea level. The substrates are predominantly cobble and gravel (55%), and the other 45% of river sediment is made up of boulder. This open canopy, clear water river is highly frequented by the locals during weekends and school holidays for various recreational activities. The sampling activities were done in this river at N5°45.008’ E100°26.526’.


    Batu Hampar river


    The Batu Hampar River is located in Yan district. This 7.4 km long second order river flows through a populated village and fruit orchards in a low land dipterocarp forest at 300 m a.s.l. A moderately wide (4.73±0.375 m mean width) with 0.34±0.06 m mean depth river also entres the Straits of Malacca. The water flow is relatively fast (0.65±0.125 m/s) while pH of water ranges from 5.64 to 6.63. The annual mean water temperature ranges from 23.2 to 25.2ºC. In the Batu Hampar River, the substrates such as cobbles and gravels were highly embedded (approximately 60%) into the bottom of the river. The locals visit this place during dry season, when the water flow is slower. The Batu Hampar River was developed by the Kedah state-government as a recreational park. Sampling activities for this study took place at N5°46.668’ E100°23.835’.


    Teroi river


    This first order river is located high up on the Gunung Jerai at 1214 m in Gurun district. A shallow river (0.17±0.068 m mean depth) originated on Gunung Jerai peak has a mean width of 4.03±0.726 m. The water velocity of 1.22±0.123 m/s is the fastest among the three rivers because it flows over a steep slope. The water is acidic with pH values range from 4.06 to 6.21. The annual water temperature was between 19.1°C and 22.0°C. The Teroi River was partly shaded by tree canopies and flows through a hilly dipterocarp forest. Due to the resin of the Agathis alba trees that grow along the river bank, the colour of the water turns brownish. The sampling point was determined at N5°48.328’ E100°25.913’.


    Sampling Of EPT Immatures


    Immatures of EPT were sampled from Tupah, Batu Hampar and Teroi Rivers, using a modified kick sampling technique of Merritt et al. (2008) beginning September 2007 until August 2008. A thorough descriptions of the sampling procedure can be accessed elsewhere (Suhaila & Che Salmah 2011). Twenty samples of aquatic insects was collected randomly at each river every consecutive months. The content of each sample or net was transferred into a transparent plastic bag, sealed, and sorted in the laboratory. Based on a preliminary sampling, 20 D-pond net samples collected more than 75% of the total insect taxa from each habitat. This was sufficient to represent EPT population (Radwell & Brown, 2007) that matched Elliot’s (1973) estimate of the population density for benthic study with a standard error of approximately 20%.


    EPT nymphs and larvae were sorted visually and immersed in universal bottles containing 75% ethyl alcohol (ETOH). They were identified to respective genera under a dissecting microscope, Olympus CX41 (Olympus, Tokyo, Japan) using keys provided by Kenneth and Bill (1993), Morse et al. (1994), Wiggins (1996), Dudgeon (1999) and Yule and Yong (2004). The identifications of plecopterans were confirmed by Dr Ignec Sivec (Slovenian Museum of Natural History) and Professor Yeon Jae Bae from Korea University, Seoul, Korea verified the identifications of Ephemeroptera and Trichoptera.


    Water Samples Analysis


    Five water samples (each) were collected from each river into a 500 mL polyethylene bottle monthly alongside the collections of the EPT. The bottles were kept in an ice chest and transported to the laboratory and preserved at 4°C until analysed. Ammonia-nitrogen (NH3-N) including other five water parameters; biochemical oxygen demand (BOD3), chemical oxygen demand (COD), total suspended solids (TSS), pH and dissolved oxygen (DO) were analysed. Dissolved oxygen (DO) content in the water and temperature were measured in situ using a YSI Model 550A (YSI Inc., Ohio, USA) oxygen meter while the water pH was measured with an electronic pH meter (HACH CO., Loveland, USA). The COD, TSS and NH3-N in the water were estimated in the laboratory using a standard kit of DR/890 HACH Calorimeter.


    For measuring BOD3, water samples were confined at room temperature in the dark for 3 days. Before that, reading of DO was taken using the YSI Pro_BOD Probe (YSI Incorporated, USA) on the first day and another reading measured 3 days later after incubation. The difference between the first reading on the first day (DO1) and the second reading on the third day of incubation (DO3), was the amount of BOD3 in the water expressed in milligrams per liter.


    Water Quality Index Calculation


    According to Malaysian Department of Environment (DOE 2002), to calculate the Water Quality Index (WQI) the means values of DO, BOD3, COD, pH, NH3-N and TSS were converted to sub-indices (SIs) (Appendix 1) using the best-fit equation and aggregated to compute the WQI according to the following equation:



    
      
        	WQI

        	=

        	0.22 × SIDO + 0.19 × SIBOD + 0.16 × SICOD + 0.15 × SIAN + 0.16 × SISS + 0.12 × SIpH
      

    



    where SI is the sub-index of each parameter.


    Statistical Analyses


    Differences in mean monthly abundance of EPT in the three rivers were analysed using the Kruskal Wallis test at p=0.05 for non-normally distributed data (Kolgomorov-Smirnov test, p<0.05) using the SPSS software ver. 18. The total numbers of EPT taxa (genera) represented the EPT taxa Richness Index (Lenat 1993; Lenat & Penrose 1996) in each river. The relationship of the EPT taxa Richness Index with the WQI was assessed by Spearman’s Rho correlation and Regression analysis. The Canonical Correspondence Analysis (CCA) of CANOCO program version 4.0, investigated the influence of water quality parameters on the distribution and abundance of EPT taxa in the rivers. The Monte-Carlo test was applied to test the significance of the produced canonical axes with 499 permutations at p<0.05. The biplot ordination diagram was produced using the CanoDraw for Windows 4.1.


    RESULTS


    The result showed that Tupah River recorded the highest EPT taxa Richness index with 28 taxa, followed by Batu Hampar River (25) and Teroi River with 22 taxa (Table 1). The 28 genera found in all rivers were represented by varied composition patterns. Among the 12 ephemeropterans genera encountered, Baetis spp. was the most common genus with its greatest abundance occurred in Teroi River and the least in Batu Hampar River. It was followed by Platybaetis spp., which was more abundant in Teroi River but only few of them were found in Batu Hampar River. Thalerospyrus spp. was the third most common genus of Ephemeroptera. This genus had low mean abundances in both Tupah River and Batu Hampar River, much lesser than the number recorded in Teroi River.


    Two Ephemeroptera genera; Caenis spp. and Habrophlebiodes spp. collected from Tupah and Batu Hampar Rivers were absent from Teroi River. Isonychia spp. was only found in Batu Hampar River. Plecopterans Etrocorema spp. and Cryptoperla spp. were not encountered in Teroi River. Two Trichoptera genera (Ganonema spp. and Lepidostoma spp.) were not collected from Teroi River and two others (Rhyacophila spp. and Marilia spp.) were not found in both Tupah and Batu Hampar River.


    Six genera of Plecoptera were recorded and Neoperla spp. was the most abundant genus in the three rivers. The highest mean abundance of Neoperla spp. was found in Batu Hampar River and the least in Teroi River. It was followed by Phanoperla spp., which was also more abundant in Batu Hampar River and the fewest in Teroi River. Kamimuria spp. had higher mean abundances in both Tupah River and Batu Hampar River but was lower than that obtained from Teroi River. Among the trichopterans, Cheumatopsyche spp. was the most common genus. Its mean abundance was the highest in Tupah River and the least in Teroi River.



    Table 1: Mean abundance (ind/m2 ± standard error) of Ephemeroptera, Plecoptera and Trichoptera in rivers of Gunung Jerai Forest Reserve, Kedah.


    
      
        	
          Order

        

        	
          Family

        

        	
          Genus

        

        	
          Tupah River

        

        	
          Batu Hampar River

        

        	
          Teroi River

        
      


      
        	Ephemeroptera

        	Caenidae

        	Caenis

        	
          6.08 ± 0.45

        

        	
          4.17 ± 0.7

        

        	
          0

        
      


      
        	

        	Leptophlebiidae

        	Habrophlebiodes

        	
          4.33 ± 2.13

        

        	
          5.75 ± 2.53

        

        	
          0

        
      


      
        	

        	Baetidae

        	Baetis

        	
          12.8 ± 4.5

        

        	
          57.7 ± 3.8

        

        	
          610.1 ± 9.9

        
      


      
        	

        	

        	Platybaetis

        	
          19.2 ± 5.2

        

        	
          5.7 ± 1.4

        

        	
          49.6 ± 24.4

        
      


      
        	

        	

        	Centroptilum

        	
          1.83 ± 0.34

        

        	
          0.25 ± 0.13

        

        	
          3.42 ± 0.73

        
      


      
        	

        	Teloganodidae

        	Teloganodes

        	
          0.25 ± 0.13

        

        	
          0

        

        	
          0.92 ± 0.07

        
      


      
        	

        	Tricorythidae

        	Tricorythus

        	
          4.08 ± 2.13

        

        	
          5.25 ± 2.65

        

        	
          0

        
      


      
        	

        	Heptageniidae

        	Thalerosphyrus

        	
          14.9 ± 7.2

        

        	
          13.3 ± 2.1

        

        	
          51.1 ± 14.8

        
      


      
        	

        	

        	Campsoneuria

        	
          1.25 ± 0.39

        

        	
          1.92 ± 0.9

        

        	
          8.33 ± 0.41

        
      


      
        	

        	

        	Epeorus

        	
          2.75 ± 0.77

        

        	
          1.0 ± 0.3

        

        	
          2.42 ± 0.84

        
      


      
        	

        	Oligoneuridae

        	Isonychia

        	
          0

        

        	
          0.33 ± 0.86

        

        	
          0

        
      


      
        	

        	Ephemerellidae

        	Crinitella

        	
          1.25 ± 0.6

        

        	
          0

        

        	
          0.17 ± 0.01

        
      


      
        	Plecoptera

        	Perlidae

        	Phanoperla

        	
          2.75 ± 0.57

        

        	
          4.58 ± 0.84

        

        	
          0.67 ± 0.02

        
      


      
        	

        	

        	Neoperla

        	
          43.8 ± 5.1

        

        	
          67.9 ± 6.1

        

        	
          2.8 ±0.8

        
      


      
        	

        	

        	Kamimuria

        	
          3.42 ± 0.51

        

        	
          1.25 ± 0.3

        

        	
          0.92 ± 0.31

        
      


      
        	

        	

        	Etrocorema

        	
          0.92 ± 0.22

        

        	
          0.17 ± 0.01

        

        	
          0

        
      


      
        	

        	Peltoperlidae

        	Cryptoperla

        	
          1.75 ± 0.43

        

        	
          1.17 ± 0.37

        

        	
          0

        
      


      
        	

        	Nemouridae

        	Indonemoura

        	
          0.83 ± 0.3

        

        	
          0.92 ± 0.31

        

        	
          0.25 ± 0.13

        
      


      
        	Trichoptera

        	Hydropsychidae

        	Hydropsyche

        	
          15.1 ± 6.9

        

        	
          30.1 ± 1.0

        

        	
          1.4 ± 0.4

        
      


      
        	

        	

        	Macrostemum

        	
          9.5 ± 3.46

        

        	
          3.17 ± 0.73

        

        	
          1 ± 0.35

        
      


      
        	

        	

        	Cheumatopsyche

        	
          68.4 ± 2.9

        

        	
          32.2 ± 1.2

        

        	
          2 ± 0.6

        
      


      
        	

        	

        	Diplectrona

        	
          4.67 ± 0.92

        

        	
          5.58 ± 1.63

        

        	
          1.08 ± 0.43

        
      


      
        	

        	Ecnomidae

        	Ecnomus

        	
          0.5 ± 0.26

        

        	
          3.08 ± 0.63

        

        	
          0.92 ± 0.36

        
      


      
        	

        	Calamoceratidae

        	Ganonema

        	
          0.33 ± 0.14

        

        	
          0.8 ± 0.08

        

        	
          0

        
      


      
        	

        	Rhyacophilidae

        	Rhyacophila

        	
          0.83 ± 0.27

        

        	
          0

        

        	
          1 ± 0.3

        
      


      
        	

        	Lepidostomatidae

        	Lepidostoma

        	
          0.67 ± 0.31

        

        	
          2.08 ± 0.57

        

        	
          0

        
      


      
        	

        	Philopotamidae

        	Chimarra

        	
          12.9 ± 1.2

        

        	
          19.2 ± 5.2

        

        	
          3.5 ± 0.6

        
      


      
        	

        	Leptoceridae

        	Setodes

        	
          0.17 ± 0.11

        

        	
          0.5 ± 0.19

        

        	
          0.5 ± 0.1

        
      


      
        	

        	Odontoceridae

        	Marilia

        	
          0.33 ± 0.19

        

        	
          0

        

        	
          0.17 ± 0.11

        
      

    



    From the biological perspective (Table 2), the EPT taxa Richness index indicated that the habitats (as well as water quality) in all selected rivers were classified into a non-impacted category as all rivers collected more than 10 taxa of EPT (USEPA 1990). However, the EPT collected from the three rivers were highly variable in compositions and total number of individuals collected. Lenat’s (1993) classification of water quality classified Tupah and Batu Hampar rivers into good quality while Teroi River fell into good-fair category. Many EPT taxa collected from Tupah River inhabited Batu Hampar River but fewer common taxa were found in Teroi River.



    Table 2: Biological indices based on composition and abundance of EPT immature and water quality evaluation in selected rivers of Gunung Jerai Forest Reserve, Kedah.


    
      
        	
          River

        

        	
          EPT taxa richness index

        

        	
          Water quality assessment

        
      


      
        	Tupah

        	
          28

        

        	
          Non-impacted

        
      


      
        	Batu Hampar

        	
          25

        

        	
          Non-impacted

        
      


      
        	Teroi

        	
          22

        

        	
          Non-impacted

        
      

    



    Composition of EPT communities were much higher in Batu Hampar River (H’=2.29) followed by Tupah River (H’=2.15) then Teroi River (H’=0.77) (Table 3). A similar pattern was shown by scores of Simpson Diversity Index (1-D). Batu Hampar River (1-D=0.85) and the Tupah River (1-D=0.81) scored high but low in Teroi River (1-D=0.32). Species richness for the Menhinick Index (R) was low at all rivers, ranging from 0.43 to 0.19. Based on these values, Tupah River provided the most suitable habitats for the EPT community compared to the other two rivers.



    Table 3: Evaluation of EPT abundance and diversity using Shannon-Wiener Index (H’), Simpson’s Index (1-D) and Menhinick Index (R), Pielou Evenness Index (E) for Tupah, Batu Hampar and Teroi rivers, Kedah.


    
      
        	
          River

        

        	
          Shannon-Wiener Index

          (H’)

        

        	
          Simpson’s Index

          (1-D)

        

        	
          Menhinick Index

          (R)

        

        	
          Pielou Index

          (E)

        
      


      
        	Tupah

        	
          2.153

        

        	
          0.811

        

        	
          0.427

        

        	
          0.646

        
      


      
        	Batu Hampar

        	
          2.294

        

        	
          0.853

        

        	
          0.432

        

        	
          0.713

        
      


      
        	Teroi

        	
          0.765

        

        	
          0.323

        

        	
          0.193

        

        	
          0.260

        
      

    



    The EPT distribution based on Pielou Evenness Index was more uniform in Batu Hampar (E = 0.71) and Tupah rivers (E = 0.65), least evenly distributed in Teroi River (E = 0.26). The Kruskal-Wallis test revealed there was a significant difference between indices with the rivers (Shannon-Wiener index, χ2 = 48.765, P = 0.00; Simpson’s index, χ2 = 31.919, P = 0.00; Pielou index, χ2 = 72.504, P = 0.00; Menhinick index, χ2 = 11.075, P = 0.00).


    All rivers were categorised into five classes of water quality categories by the Water Quality Index (WQI) of the Malaysian Department of Environment (DOE 2002) which focuses on water uses (Table 4). The WQI scores ranged from 80.41 to 93.14 with the highest value recorded in Teroi River. The score in Teroi River represents a Class I river which indicates very clean water, readily consumable by human. Tupah River (84.28) and Batu Hampar River (80.41) were categorised into Class II implying good water quality, suitable for human consumption but requires minimal treatment. There was no correlation between the EPT taxa Richness Index and WQI (r = 0.021, p = 0.452) and low dependence of the scores of both indices was exhibited in Figure 2 based on Canonical analysis.



    Table 4: Mean values of water parameters and classification of sampling sites in rivers of Gunung Jerai Forest Reserve based on the WQI (DOE 2002).


    
      
        	
          Parameter

        

        	
          Tupah

        

        	
          Batu Hampar

        

        	
          Teroi

        
      


      
        	DO (mg/L)

        	
          7.53 ± 0.22

        

        	
          7.14 ± 0.37

        

        	
          7.67 ± 0.33

        
      


      
        	SIDO

        	
          97.07

        

        	
          89.71

        

        	
          94.29

        
      


      
        	BOD (mg/L)

        	
          1.93 ± 0.07

        

        	
          0.95 ± 0.18

        

        	
          0.84 ± 0.18

        
      


      
        	SIBOD

        	
          92.24

        

        	
          96.38

        

        	
          96.85

        
      


      
        	COD (mg/L)

        	
          10.25 ± 0.23

        

        	
          10.32 ± 1.91

        

        	
          19.15 ± 3.15

        
      


      
        	SICOD

        	
          85.47

        

        	
          85.37

        

        	
          73.63

        
      


      
        	NH3-N (mg/L)

        	
          0.02 ± 0.01

        

        	
          0.03 ± 0.01

        

        	
          0.04 ± 0.04

        
      


      
        	SIAN

        	
          98.4

        

        	
          97.35

        

        	
          95.3

        
      


      
        	TSS (mg/L)

        	
          2.85 ± 0.23

        

        	
          1.46 ± 0.31

        

        	
          5.23 ± 0.21

        
      


      
        	SISS

        	
          37.63

        

        	
          19.31

        

        	
          69.23

        
      


      
        	pH

        	
          6.02 ± 0.12

        

        	
          6.06 ± 0.11

        

        	
          4.97 ± 0.21

        
      


      
        	SIPH

        	
          91.2

        

        	
          91.78

        

        	
          56.72

        
      


      
        	WQI

        	
          84.28

        

        	
          80.41

        

        	
          93.14

        
      


      
        	Class

        	
          II

        

        	
          II

        

        	
          I
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      Figure 2: First two axes from canonical correspondence analysis (CCA) of Ephemeroptera, Plecoptera and Trichoptera genera and environmental parameters in the Tupah, Batu Hampar and Teroi Rivers, Kedah.

    



    According to CCA analysis, certain parameters have influenced the distribution and abundance of the EPT taxa (Table 5). The total extent of variation or total inertia (TI=1.344) encountered for 45.8% of the variance contributed by the constrained eigenvalues (TVE = Total Variance Explained) of seven measured variables. Seventy point one percent (70.1%) of the variance in species– environmental relationships was contributed by its variables in the first axis and 12.6% of the variance was accounted for the second axis. The Monte Carlo test was significant for all axes at P < 0.05. The t-value biplot distribution of Etrocorema spp., Lepidostoma spp., Hydropsyche spp., Diplectrona spp. and Chimarra spp. are characterized by higher water temperature. High pH value was likely to influenced Cheumatopsyche spp. while Marilia spp. and Thalerosphyrus spp. were affected by high BOD3 content. Low COD content characterised the distribution of Centroptilum spp., Rhyacophylia spp.and Platybaetis spp.



    Table 5: Correlations, eigenvalues and variance explained for the first two axes of canonical correspondence analysis (CCA) for Ephemeroptera, Plecoptera and Trichoptera larvae abundance (organisms/samples) and environmental parameters for all dates sampled for Tupah, Batu Hampar and Teroi Rivers from Gunung Jerai Forest Reserve, Kedah.


    
      
        	
          Variable

        

        	
          Axis 1

        

        	
          Axis 2

        

        	
          Total inertia

        
      


      
        	pH

        	
          0.5755

        

        	
          0.4664

        

        	
      


      
        	Temp (°C)

        	
          0.7514

        

        	
          –0.1802

        

        	
      


      
        	DO (mg/L)

        	
          –0.3573

        

        	
          –0.0621

        

        	
      


      
        	BOD3(mg/L)

        	
          0.2163

        

        	
          0.2731

        

        	
      


      
        	COD (mg/L)

        	
          –0.2491

        

        	
          –0.3605

        

        	
      


      
        	TSS (mg/L)

        	
          –0.6440

        

        	
          0.0960

        

        	
      


      
        	NH3-N (mg/L)

        	
          –0.4680

        

        	
          –0.1195

        

        	
      


      
        	Eigenvalues:

        	
          0.431

        

        	
          0.078

        

        	
          1.344

        
      


      
        	Species-environment correlations:

        	
          0.843

        

        	
          0.813

        

        	
      


      
        	Cumulative percentage variance of:

        	

        	

        	
      


      
        	
          species data

        

        	
          32.1

        

        	
          37.9

        

        	
      


      
        	
          species-environment relation

        

        	
          70.1

        

        	
          12.6

        

        	
      


      
        	Sum of all eigenvalues

        	

        	

        	
          1.344

        
      


      
        	Sum of all canonical eigenvalues

        	

        	

        	
          0.616

        
      


      
        	Total variance explained (TVE):

        	

        	

        	
          45.8%

        
      

    



    Summary of Monte Carlo test

    Test of significance of first canonical axis: eigenvalue=0.431, F-ratio=14.659, P-value=0.002

    Test of significance of all canonical axes: Trace=0.616, F-ratio=3.746, P-value=0.002


    The CCA diagram showed obvious variation in spatial pattern of the EPT assemblages when the samples collected from all rivers were plotted (Fig. 3). Tupah River (points 1–12) was distinguished with high diversity of Trichoptera and characterised by high contents of biochemical oxygen demand (BOD3) compared to other rivers. The Tupah and Batu Hampar rivers (points; 1–12, 13–24, respectively) showed slight overlapping as they shared some similar conditions such as the BOD3and pH contents in the water. The samples from Teroi River clearly separated (points 25–36) from other rivers which characterised by having higher DO, COD and NH3-N and low pH contents in the water.
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      Figure 3: The first two axes of principal correspondence analysis (PCA) of the rivers; Tupah River (1–13), Batu Hampar River (14–26), Teroi River (27–39) in the Gunung Jerai Forest Reserve, Kedah.

    


    DISCUSSION


    Although all selected rivers supported almost equally rich fauna, the diversity and abundance of the EPT were significantly different among rivers. The assemblages and occurrence of EPT in each river depends on river physical and its microhabitats. However, the scores of EPT taxa Richness fell far above the limit for non-impacted water quality (EPT taxa Richness Index = 10) (USEPA 1990); 28 taxa in Tupah River, 25 taxa in Batu Hampar River and 22 taxa in Teroi River suggesting all rivers were minimally or undisturbed and remained in good condition. Based on Lenat’s (1993) classification using the EPT taxa Richness Index in hill country streams, the water quality in Tupah and Batu Hampar rivers were in good condition (EPT = 24–31) while in Teroi River the water was in Good-Fair category (EPT = 16–23). Classification of water quality using the EPT taxa Richness Index in this study is considered satisfactory because according to Lenat (1993), the EPT reach their maximum development in the headwaters and consists of families that are restricted or belong to clean running water. Moreover the values of this index are sensitive and changes following the change in river water quality (Dudgeon 1996). EPT is important to be use in upstream rivers as their abundance and diversity was useful as reference for interpreting biological index. Furthermore, EPT species have limited levels of tolerance to any changes in the river water and this action can be used in detecting environmental perturbations. In contrary, the scores of measured chemical water parameters (WQI of the Malaysian Department of Environment 2002) showed that Teroi River had excellent water quality of Class I (93.14) and Tupah as well as Batu Hampar rivers were categorised into Class II (84.28 and 80.41, respectively) of good water quality. The WQI classified Tupah and Batu Hampar rivers into similar category but Teroi River was two classes above the classification of the EPT taxa Richness Index assuming the river categories represented identical quality of water.


    Having shown that the WQI classified Teroi River as having excellent water quality (Class I). The composite value of six water quality parameters used in calculation of the WQI indicated the least disturbed environment in Teroi River although the water was acidic. Typically, the benthic communities in Class I (pristine) river respond only to inert pollutants (Ogbeibu & Victor 1989). Presently, river degradation causes marked reduction in faunal composition. Atrophic influence is one of the factors affecting composition of aquatic insects (Rosenberg & Resh, 1993). In disturbed rivers, a decrease of sensitive taxa and an increase of tolerant taxa are expected. The biological integrity of Teroi River was relatively unimpacted and the EPT populations were generally in its best condition as represented by its relatively high EPT taxa Richness Index. However, the EPT taxa Richness Index score in Teroi River was lower than in Tupah and Batu Hampar rivers possibly related to low pH of the water in Teroi River which was less suitable to some of the EPT genera. Nevertheless, categorisation of river class (water quality) based on single parameter by the National Interim Water Quality Standards (DOE 2002) assigns the river with such water pH (4.06 to 6.21) into Class III, similar to the EPT taxa Richness Index categorisation of the river (Good-Fair). In this case the EPT taxa Richness Index is very sensitive in detecting the quality of the water compared to the WQI although only one of WQI’s parameter falls in the range of poorer quality.


    For biological organisms, the increasing acidity of water obviously affected in decreasing of organic matter decomposition (Burton et al. 1985) and a decrease in macroinvertebrate’s diversity (Okland & Okland 1986, Winterbourn & Collier 1987, Suhaila & Che Salmah 2014). Changes in macroinvertebrate assemblages that changed the predator-prey relationships are coincided with the acidification of the water (Bendell & Macnicol, 1987; Eriksson et al. 1980) especially the Ephemeroptera that survive well in an acidic environment (Dangles & Guerold 2000). Similarly, ephemeropterans Baetidae and Heptageniidae proliferated in Teroi River but the diversity of EPT in this river was lower compared to two other rivers.


    In this study, Baetis spp. and Platybaetis spp. (Ephemeroptera) showed high tolerance to wide pH range, from acidic to neutral (4.90 to 7.0). Based on the CCA biplot, the most abundant taxa in Teroi River were Baetis spp. and Platybaetis spp. and indicated preference to low pH water. Gerhadt et al. (2005) stated that mayflies are able to survive in acidic water with pH as low as 4.5. According to Rosemond et al. (1992), in Great Smoky Mountains National Park, Tennesse, USA, the ephemeropteran Ameletus lineatus Traver (family Siphonoluridae) was found more abundant in a more acidic water (pH 4.5 to 6.4) compared to other species. Nevertheless, Baetis spp. is present in high abundances in many rivers due to its active oviposition, which in turn depends largely on the availability of egg deposition sites (Elliott 1972; Bengtsson 1988). Peckarsky et al. (2000) noticed an increase in egg deposition by B.bicaudatus while working in a high-altitude river and advocated that this is the result of increased number of rock substrates protruding from the water surface. Although bedrock formed the substrate of Teroi River, high abundance of Baetis spp. implied that this river had rock surfaces suitability as oviposition sites for this species.


    Increasing pH values (neutral) which were recorded from Tupah and Batu Hampar rivers negatively correlated with plecopterans such as Neoperla spp. and Cryptoperla spp. and Cheumatopsyche spp. (Trichoptera). Thus, the absence of caenids, leptophlebiids and oligoneurids in Teroi River implicated that these genera were not able to withstand acidic water. Other ephemeropterans in Teroi River such as Thalerosphyrus spp., Campsoneuria spp., Epeorus spp., Baetis spp., Platybaetis spp., Centroptilum spp., Tricorythus spp., Teloganodes spp. and Crinitella spp. which were also found in other rivers, tolerated wide range of water pH.


    The contents of COD and NH3-N were relatively low in all rivers. Although slightly higher values of these parameters were recorded in Teroi River, this level did not exceed the Class II limit of the Malaysian WQI thus their influence on EPT diversity seemed negligible. Among the three rivers, Teroi River had a higher NH3-N content in the water which probably caused by animals’ excreta especially from the large population of monkeys (long-tailed and pig-tailed macaques) found in the river’ surroundings. Only trichopterans Hydropsyche spp. and Macrostemum spp. negatively correlated with NH3-N content and they were well represented in Batu Hampar River. Tupah and Batu Hampar Rivers had low NH3-N contents showing that both rivers are having good water quality.


    Kamimuria spp. and Neoperla spp. from family Perlidae breath through external gills on their thoraxes and abdomens. The gills are located along the body, effectuating this family dependence on high dissolved oxygen in the water to respire thus influences distribution of Kamimuria spp. in rivers as observed in this study. On the other hand, the amount of BOD in the water charcterized the distribution of Phanoperla spp. (Plecoptera) and Cheumatopsyche spp. (Trichoptera). The water body with high levels of organic matters relatively has higher content of BOD (Thani & Phalaraksh 2008). The highest BOD3 content (1.93 mg/L) was recorded in Tupah River because besides forest debris, other organic matters could be introduced by high number of visitors in the area. However, the values recorded in Tupah River did not exceed the upper limit of Class II of WQI of Malaysia (DOE 2002).


    Furthermore, Tupah and Batu Hampar rivers had lower TSS content compared to Teroi River which implicates the water column in these rivers had less suspended particles. Clean clear water may have positive effects on food availability as sunlight penetration can increase photosynthesis process in algae and macrophytes. This appropriate condition favours the EPT community resulting more diverse taxa.


    The status of water quality in all rivers from the WQI and EPT taxa Richness Index classifications were further supported by the results of the canonical corresponding analysis (CCA) which compared the physico-chemical data with the diversity of EPT. The three rivers were classified into two groups. The first group which includes Tupah and Batu Hampar Rivers, has a good quality of water. Teroi River made the second group with excellent water quality (WQI) but it has lesser EPT taxa. The separation of rivers following the distribution of EPT taxa in this study correlated strongly with the quality of water of the WQI. They both separated the rivers based on shared water quality. This is obvious when the WQI classified the water quality in Teroi River into Class I while the EPT taxa Richness Index assigned it into good-fair category which is equivalent or more or less similar to Class III of the WQI. It is best to note that the WQI classification focuses on quality of water using values of physico-chemical water parameters strictly for human uses and completely ignores the tolerances of aquatic organisms towards its selected parameters.


    CONCLUSION


    The EPT taxa Richness Index is sensitive to environmental impairment as EPT taxa are potentially sensitive to changes (especially increasing disturbances) in various headwater water parameters. Therefore using the EPT taxa Richness Index is a relatively accurate biological parameter to detect aquatic disturbances although more investigation is required to further improve the application of the index. The survival of EPTs depends strongly on the good ranges of the river physico-chemical environment that indirectly indicates healthy river status, hence increases reliability of water quality assessment especially in pristine environments. This study indicated that the EPT taxa Richness Index is more effective than the WQI in classifying the river water quality in GJFR.
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    APPENDIX


    Appendix 1: Best Fit for the estimation of the various sub-index values (Department of Environment, 2002)
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    (x = concentration in mg/L for all parameters except pH and DO)



    Aggregate the calculation according to the following equation:
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        	0.22 x SIDO + 0.19 x SIBOD + 0.16 x SICOD + 0.15 x SIAN + 0.16 x SISS + 0.12 x SIPH
      

    



    Where SI is the subindex of each parameter. Based on the WQI values, the water quality is categorized.
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    Abstrak: Kepentingan asid lemak poli tak tepu (PUFA) dalam mikroalga telah dilaporkan secara meluas. Dalam kajian ini, enam mikroalga yang diasingkan dari Teluk Aling, Taman Negara Pulau Pinang telah disaring untuk kandungan PUFA. Isochrysis maritima menunjukkan bacaan asid lemak poli tak tepu yang terbaik yang penting untuk spesies akuakultur berbanding spesis microalga lain yang diuji. Spesis ini adalah pilihan yang baik sebagai pemakanan akuakultur kerana saiz yang kecil (3–7 µm), iaitu saiz yang sesuai untuk pemakanan. Kadar maksimum pertumbuhan spesifik spesis ini juga tinggi (0.52–0.82 hari–1) dan setanding dengan kebanyakan mikroalga akuakultur yang telah diiktiraf. Selain itu, spesies ini juga boleh dikultur dengan jayanya dalam skala yang besar (1000 L media kultur) di tempat penetasan yang terbuka, yang akan mengoptimumkan kos pengeluaran. Nisbah omega-6 kepada omega-3 asid lemak (EFA) yang rendah dicatatkan pada I. maritima pada mana-mana fasa pertumbuhan (0.32–0.45) juga menunjukkan nilai yang optima sebagai makanan akuakultur.


    Kata kunci: Isochrysis maritima, Asid Lemak Poli Tak Tepu, Kadar Pertumbuhan Spesifik, Makanan Akuakultur


    Abstract: The importance of polyunsaturated fatty acid (PUFA) in microalgae was widely reported. In this study, six isolated microalgae from Teluk Aling, Penang National Park were screened for PUFA contents. Isochrysis maritima showed the best polyunsaturated fatty acids essential for aquaculture species compared to other microalgal species tested. This species is a good choice as aquaculture feed due to its small size (3–7 µm), which is appropriate size for ingestion. The maximum specific growth rate of this species was also high (0.52–0.82 days−1) and comparable with many recognised aquaculture microalgae. On the other hand, this species was also able to be cultivated successfully in big volume (1000 L culture medium) with open hatchery condition, which will optimise the production cost. Low ratio of omega-6 to omega-3 essential fatty acids (EFA) recorded in I. maritima at any growth phases (0.32–0.45) also indicate optimal values for feeding.


    Keywords: Isochrysis maritima, Polyunsaturated Fatty Acid, Specific Growth Rate, Aquaculture Feed


    INTRODUCTION


    Microalgae are widely utilised in aquaculture industry as live food and feed additive in the commercial rearing of many aquaculture species (Mata et al. 2010). It is either for direct consumption such as for mollusks and peneid shrimp or indirect consumption as food for the live prey like rotifers and artemia to feed small-larvae fish (Patil et al. 2005). The most common utilised microalgae species as feed are Chlorella, Tetraselmis, Isochrysis, Pavlova, Phaeodactylum, Chaetoceros., Nannochloropsis, Skeletonema and Thalassiosira (Spolaore et al. 2006; Hemaiswarya et al. 2010).


    Polyunsaturated fatty acid (PUFA), for example docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA) and arachidonic acid (AA) content is a major importance (Spolaore et al. 2006; Hemaiswarya et al. 2010). EPA and DHA are essential structural components of cell membranes, with DHA in particular playing an essential functional role in the development of neural and visual cells (Glencross 2009). Eicosanoic acids such as EPA and AA are essential for the production of eicosanoids, which are a wide group of hormones that play important roles in immune and neurological responses, osmoregulation, and controlling the stress response, steroid biosynthesis and smooth muscle contraction in animals (Bransden et al. 2005; Glencross 2009). The importance of microalgae as a source of PUFA has been widely reported. The microalgae also may have superior lipid stability compared with traditional PUFA, because they are naturally rich in antioxidant carotenoids and vitamins, and their lipids are bioencapsulated by the cell wall (Patil et al. 2005). Therefore, microalgae are important feed sources in aquaculture due to their nutritional value and their ability to synthesize and accumulate great amounts of PUFA.


    The microalgae utilised as feed in hatcheries vary in size, environmental requirements, growth rate, and nutritional value (Helm et al. 2004). Brown (2002) outlined several key attributes for microalgae to be good aquaculture species. Firstly, they must be in accordant size for ingestion, for example, size range from 1 to 15 µm for filter feeder species and 10 to 100 µm for grazer species. Subsequently, they must possess rapid growth rates, able to grow in mass size cultivation, and also unsusceptible to any fluctuations in temperature, light and nutrients which may occur in hatchery systems. Eventually, they must possess a good nutrient composition such as protein, carbohydrate, lipid and fatty acids, plus lack of toxins which might be transferred up through food chain.


    Marine microalgae are frequently used as food sources in cultivation of marine herbivores, and efforts have been made to study the lipid content and fatty acid composition of different algae used as food for bivalves, zooplankton such as rotifers and artemia (Reitan et al. 1994), and the larval stages of crustaceans and fishes (Brown et al. 1997; Muller-Feuga 2004; Guedes & Malcata 2012). Many marine fish larvae have high dietary requirements for essential omega-3 highly unsaturated fatty acids for normal growth and development (Reitan et al. 1994). Therefore, our aim was to isolate new strain that is capable of producing essential fatty acids and possess other attributes suitable for aquaculture from Penang coastal waters. The objectives of the present study were twofold: (1) to screen the microalgae isolated from the Penang coastal waters for PUFA (LA, ALA, DHA, EPA & AA) and (2) to investigate the growth performance and biochemical compositions of selected species in series of batch culture.


    MATERIALS AND METHODS


    Isolation of Microalgal Strain


    Microalgal strains were isolated from the samples collected at the area surrounding the Penang National Park coastal waters. The samples collected were inoculated in sterilised Walne’s media (Andersen et al. 2005) for 2 weeks before the isolation process begin with no vitamins added to ensure that the microalgae strains obtained can grow photoautotrophically and produce high amount of biochemical compounds especially polyunsaturated fatty acid (PUFA) without vitamin requirement. After two weeks, the samples were centrifuged (Table top Centrifuge M4000, Kubota, Japan) at 3000 xg for 10 min. The supernatant was discarded and replenished with new media. The samples were centrifuged again for a few times with the same speed and time to reduce the amount of contaminants in the culture. To isolate the microalgae, 50 µL of the culture samples were inoculated on the same media solidified with 1.5% of agar. Samples were incubated on algae shelve inside algae culture room at 25 ± 1.0°C under 50 μmol m−2s−1 of white fluorescent light with 24 h light duration. The colonies formed were sub-cultured at least three times on fresh agar plates to ensure that all microalgae were totally isolated into single species. All microalgae species isolated were sent to Biotech International R & D (BIRD) Centre, Egypt for identification.


    Preliminary Screening on Polyunsaturated Fatty Acid (PUFA)


    50 mL of all species isolated namely Isochrysis maritima, Isochrysis galbana, Chaetoceros calcitrans, Tetraselmis tetrathele, Chlorella sorokiniana and Nannochloropsis oculata were inoculated into 200 mL sterilised Walne’s media. The media was sterilised by autoclaving at 121°C at 15 psi above atmospheric pressure for 15 min. The initial cell density was adjusted to 2.5 × 105 cell.mL−1 after introduction into the culture media. All cultures were incubated on algae shelve inside algae culture room at 25 ± 1.0°C under 50 μmol m-2s-1 of white fluorescent light with light duration 12 : 12 h light: dark cycle. Agitation of the culture medium was conducted by shaking the flasks twice daily. All the cultures were harvested by centrifugation (High Capacity Tabletop Centrifuge M8420, Kubota, Japan) at 6000 xg for 10 min after it reach early stationary phase. The cell pellets were freeze-dried for PUFA contents measurement. All cultures were extracted by direct transesterification method as reported by Abel et al. (1963) with some modification and analysed by gas chromatography (GCMS-2010, Shimadzu, Japan). Microalgae which possess the best PUFA contents were further examined to check the suitability of that species for aquaculture.


    Growth Rate Measurement of Microalgal Isolates


    Isochrysis maritima was cultivated triplicate under batch conditions in 0.1 L, 2 L, 10 L and 1000 L Walne’s media. The experiments were started by inoculating stock solution of I. maritima at exponential phase into 250 mL conical flasks containing 0.1 L of sterilised Walne’s media. The media was sterilised by autoclaving at 121°C at 15 psi above atmospheric pressure for 15 min. The initial cell density was adjusted to 2.5 × 105 cell.mL−1 after introduction into the culture media. The culture was maintained in algae culture room at 25 ± 1.0°C under 50 μmol m−2s−1 white fluorescent light with light duration 12 : 12 h light: dark cycle for 14 days. Agitation was conducted by shaking the flasks twice daily. The cell density was counted everyday by using haemacytometer (Neubauer-Improved Haemacytometer, Labor Optik, United Kingdom). Then, a time versus cell density growth curve was plotted.


    This study was continued with the same procedures of inoculation for 2 L, 10 L and 1000 L Walne’s media. The Walne’s media used was sterilised by sodium hypochlorite 5.25 %(w/v) overnight with the ratio of 1 mL sodium hypochlorite to 1 L seawater and neutralised by sodium thiosulphate (250 g.L−1) with the ratio of 1 mL sodium thiosulphate to 4 L sodium hypochlorite (Kawachi & Noël 2005). I. maritima in 2 L Walne’s media was incubated in the same condition as in 0.1 L Walne’s media with aeration at the rate of 1 L min−1, whereas for 10 L and 1000 L Walne’s media, they were incubated in open hatchery for 14 days with uncontrolled environmental conditions (temperature range: 25°C-31°C; light range: 25-1000 μmol m−2s−1; light duration: 12: 12 h light: dark cycle). Agitation for 10 L and 1000 L Walne’s media were provided by continuously bubbled with 0.2 µm filtered air at a rate of 1 L min−1.


    The specific growth rate was determined by plotting the natural logarithm of culture cell density against time. Readings within the exponential phase were then used to obtain the maximum specific growth rate by linear regression (Pahl et al. 2010). The specific growth rate was calculated according to this equation (Alkhamis & Qin 2013):


    [image: art]


    where X2 and X1 are the cell density (cell.mL−1) at time t2 and t1 (day), respectively.



    Biochemical Compositions of Microalgal Isolates


    This experiment was carried out triplicate in 10 L Walne’s media separately from growth rate study. The seawater was sterilised using sodium hypochlorite 5.25%(w/v) overnight and neutralised by sodium thiosulphate (250 g.L−1) (Kawachi & Noël 2005). The initial density was adjusted to 2.5 × 105 cell.mL−1 after introducing into Walne’s media (Fidalgo et al. 1998). The culture were grown at hatchery (temperature range: 25°C–31°C) under white fluorescent light (50 μmol m−2s−1) for 12: 12 h light: dark cycle and aeration with 0.2 µm filtered air at a rate of 1 L min−1. The number of cells was counted daily for 14 days. Then, the microalgae were harvested at three different growth stages including exponential (day 5), early stationary (day 7) and late stationary (day 10) stages by flocculation method (Şirin et al. 2011). The microalgae were then analysed for total protein, total carbohydrate and fatty acids composition.


    Analytical Methods


    The cell density was counted everyday by using haemacytometer (Neubauer-Improved Haemacytometer, Labor Optik, United Kingdom). Cell biomass was determined by dry weight and ash content at the end of experiment (Van Wychen & Laurens, 2013). Samples were harvested by flocculation at the same time for all growth phases by adjusting the pH to 10–11 using 1M NaOH. The flocculated cells were centrifuged (Tabletop Centrifuge M4000, Kubota, Japan) at 3000 xg for 5 min. The pellets were washed with distilled water and were centrifuged again at the same speed and time. The cell pellets were freeze-dried for total protein, total carbohydrate and fatty acid content measurement. Protein content was extracted using a method proposed by Rausch (1981) and measured by Lowry assay (Lowry et al. 1951). Carbohydrate was extracted using a method proposed by Chu et al. (1996) and measured using phenol-sulphuric assay by the method of DuBois et al. (1956).


    Fatty Acid Analysis


    Microalgal cells were extracted by direct transesterification method as reported by Abel et al. (1963) with some modification. Dried cells of 100 mg were weighed and transferred into screw cap bottles, and 2 mL of methanolic sulphuric acid (15% v/v) was added into the screw cap bottles together with 2 mL of chloroform. Then, the mixture was bubbled with nitrogen gas for 15 seconds and subsequently vortexed (Reax 2000, Heidolph, Germany) for 2 min. After visibly homogenous, the mixture was heated using heater block (HB-48, Wisetherm, Germany) at 80°C for 30 min. Then, 1 mL of distilled water was added and was vortexed again for 30 seconds. Two layers of solution were formed. Afterwards, the lower layer of the mixture was transferred into 2 mL vial and centrifuged at 10000 xg for 5 min. Ten milligram of sodium sulphate anhydrous was added to make sure all water was completely removed from the mixture. Finally, 0.75 μL of the lower layer was transferred into the gas chromatography (GC) vial. It was sealed and kept at −20°C until GC analysis was carried out.


    Fatty acid methyl esters (FAME) were separated and quantified by gas chromatography (GCMS-2010, Shimadzu) equipped with a flame ionization detector and a 30 mm × 0.22 mm 70% cyanocropylpolysilphenylene–siloxane (BPX70, SGE). Nitrogen was used as carrier gas and temperature programming was set from 100°C to 210°C at 2°C/min, and then maintained at 210°C for 30 minutes. The injector and detector temperature were set at 250°C and 260°C, respectively. Menhaden oil and Supelco 37 Component FAME Mix were used as a standard for fatty acid identification by comparison of peak retention times between samples and standards with the ratio of 3:1. The concentration of the fatty acids were estimated from the peak area on the chromatogram using methyl enanthate 99% (C7:0) (Sigma Aldrich, USA) as an internal standard.


    Statistical Analysis


    Data were treated statistically by one-way analysis of variance (ANOVA) using SPSS (Statistical Package for the Social Sciences) V20.0 software to test for possible significant differences in means of dependent variables among the strains tested, and the different existed was determined by Duncan Test. All experiments were done in triplicate and all data was presented in mean ± standard error.


    RESULTS AND DISCUSSIONS


    Isolation and Preliminary Screening on Polyunsaturated Fatty Acid (PUFA)


    Six species were isolated from Teluk Aling, Penang, that might be considered as good aquaculture candidates, which include Isochrysis maritima (length: 3−7 µm), Isochrysis galbana (length: 1.5−10 µm), Chaetoceros calcitrans (length: 3−9 µm), Tetraselmis tetrathele (length: 10–16 µm), Chlorella sorokiniana (length: 1.5− 10 µm) and Nannochloropsis oculata (length: 1−2 µm) after incubation in Walne’s media without the addition of vitamins. Table 1 shows the concentration of PUFAs of the six microalgae species isolated. All five important PUFAs namely linoleic acid (LA), linolenic acid (ALA), docosahexanoic acid (DHA), arachidonic acid (AA) and eicosapentanoic acid (EPA) were present in I. maritima. Four PUFAs (LA, ALA, EPA, AA and LA, ALA, DHA, AA) were detected in T. tetrathele and I. galbana, respectively. Meanwhile, three types of PUFAs recorded in two green microalgae N. oculata and C. sorokiniana were LA, ALA and DHA. C. calcitrans contained only two types of PUFAs (LA and EPA).


    LA was the most abundant PUFAs detected in all six studied species except for C. sorokiniana which has ALA as the abundant PUFAs. DHA was detected in most of the studied species except for T. tetrathele and C. calcitrans, with I. maritima has the highest concentration of DHA. However, EPA and AA were only present in I. maritima, C. calcitrans, T. tetrathele and I. galbana. C. calcitrans has the highest concentration of EPA while T. tetrathele showed the highest AA concentration.


    I. maritima is Prymnesiophytes which is widely known to have high composition of PUFAs especially EPA and DHA (Tatsuzawa & Takizawa 1995; Brown 2002; Mansour et al. 2005; Hemaiswarya et al. 2010). It was extensively used in the aquaculture feed industries (Carvalho et al. 2006; Nalder et al. 2015) especially Pavlova sp. and I. galbana (Borowitzka 1997; Fidalgo et al. 1998; Brown 2002; Yoshioka et al. 2012). According to Brown et al. (1997), Prymnesiophytes were rich with one or both of DHA and EPA. In this present study, I. maritima recorded the best PUFAs composition by containing all the PUFAs of interest, thus this strain might be a promising candidate for aquaculture feed. I. galbana and


    T. tetrathele also showed good PUFAs composition, but without EPA and DHA, respectively. Compared to I. maritima and I. galbana, T. tetrathele was reported to have low to moderate levels of DHA or EPA (Brown et al. 1997). Despite the fact that I. galbana is very useful in aquaculture feed industries (Sanchez et al. 2000), however, since EPA and DHA is one of the major requirements in aquaculture feed industries (Bandarra et al. 2003; Martínez-Fernández et al. 2006; Liu et al. 2016), I. maritima has been chosen for further nutritional studies instead of I. galbana.


    Amongst the studied species, C. calcitrans showed the most insignificant composition of PUFAs of interest. Although the EPA was present, however, with the absence of DHA, AA and also ALA, the strain can be considered not suitable for aquaculture feed. These findings were in agreement with Samsudin (1992) who reported a low content of PUFA in C. calcitrans. T. tetrathele, N. oculata, meanwhile, C. sorokiniana did not show significant composition of PUFAs of interest that are suitable to be applied in aquaculture (Table 1). Since ALA and LA can be converted to AA and EPA, their concentration should not be ignored. Based on our results, I. maritima showed the best PUFAs composition. Although the concentration was not high, but they contained all of the important PUFAs. With this distinguish features, I. maritima has been chosen to be carried out for further experiment.



    Table 1: Concentration (% area) of polyunsaturated fatty acids (PUFAs) in six species of microalgae


    
      
        	
          Microalgae

        

        	
          LA

        

        	
          ALA

        

        	
          DHA

        

        	
          EPA

        

        	
          AA

        
      


      
        	Isochrysis maritima

        	
          31.64

        

        	
          18.63

        

        	
          6.74

        

        	
          0.45

        

        	
          0.16

        
      


      
        	Tetraselmies tetrathele

        	
          33.82

        

        	
          14.80

        

        	
          –

        

        	
          0.34

        

        	
          2.24

        
      


      
        	Chaetoceros calcitrans

        	
          0.39

        

        	
          –

        

        	
          –

        

        	
          1.76

        

        	
          –

        
      


      
        	Isochrysis galbana

        	
          21.18

        

        	
          7.36

        

        	
          6.54

        

        	
          –

        

        	
          0.39

        
      


      
        	Nannochloropsis oculata

        	
          60.38

        

        	
          7.66

        

        	
          0.11

        

        	
          –

        

        	
          –

        
      


      
        	Chlorella sorokiniana

        	
          19.62

        

        	
          19.94

        

        	
          0.16

        

        	
          –

        

        	
          –

        
      

    



    LA: linoleic acid; ALA: linolenic acid; DHA: docosahexanoic acid; AA: arachidonic acid; EPA: eicosapentanoic acid; -: no detected



    Growth Rate and Biochemical Compositions of Isochrysis maritima in Batch Cultivation Systems


    Isochrysis maritima was cultivated through batch culture in 0.1 L, 2 L, 10 L and 1000 L Walne’s media. As shown in Figure 1, maximum cell densities of I. maritima grown in different volumes of Walne’s media were not significantly different (One-way ANOVA, p > 0.05), except for 1000 L which was significantly the lowest. I. maritima cultured in 0.1 L culture volume showed the fastest maximum specific growth rate (0.82 days−1), followed by 0.69 day−1 in 1000 L Walne’s medium. The slowest growth rate was 0.52 day−1, recorded in 2 L Walne’s medium, meanwhile in 10 L medium, the specific growth rate was 0.66 day−1 (Fig. 2). However, there were no significant difference between them statistically (One-way ANOVA, p > 0.05).


    
      [image: art]


      Figure 1: Growth curve of I. maritima in different volumes of Walne’s medium (mean density ± s.e.)

    


    Based on the results obtained, I. maritima fit the attributes listed by Brown (2002) for microalgae to be considered as useful aquaculture species, which include rapid growth rates, applicable for mass cultivation and stable to any fluctuation in culture conditions. The maximum specific growth rate of this species was fast (between 0.52–0.82 day−1 depending on the size of the culture media and culture conditions), which was comparable to other aquaculture species such as Nannochloropsis sp. (0.23 day−1) (Richmond & Cheng-wu 2001), Isochrysis galbana (0.62 day−1) (Zhu et al. 1997), Nannochloris oculata (0.42 day−1) (Cho et al. 2007) and Rhodomonas sp. (0.35 day−1) (Renaud et al. 2002). On the other hand, this species was also able to be cultivated successfully in big volume (1000 L tank) under open hatchery condition exposed to uncontrolled environmental condition, which will optimise the production cost without relying to any high technology equipment.
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      Figure 2: Maximum specific growth rate (SGR) of I. maritima in different volumes of Walne’s medium (mean ± s.e.)

    


    In order to fulfil other attributes listed by Brown (2002), where microalgae should possess good nutrient composition, the total protein, total carbohydrate and fatty acid composition of I. maritima were measured at different growth phases which were determined by growth curve plotted as showed in Figure 3. Table 2 shows that protein content was affected by the growth phases. The protein content significantly decreased as the culture aged from exponential phase (21.4±4.8% AFDW) to late stationary phase (10.4±1.56% AFDW). Meanwhile, the carbohydrate content also decreased from exponential phase (32.1 ± 6.22 % AFDW) to late stationary phase (19.7±2.44% AFDW) but statistical analysis proved that there were no significant differences among them (p > 0.05). The protein and carbohydrate accumulation in photosynthetic microalgae was closely related with their cell metabolism. It was widely reported that the biochemical composition of rapidly growing cells at exponential phase is generally be marked by a high protein content to support cell growth and cell division (Dortch et al. 1984; Utting 1985) and low carbohydrate content. However, under growth limiting conditions, more photo assimilated carbon is fused into carbohydrate and lipids or both, due to low availability of nitrogen (Fidalgo et al. 1995), which led to high carbohydrate content at stationary growth phase (Zhu et al. 1997; Phatarpekar et al. 2000).


    The fatty acids composition of I. maritima at different growth phases is listed in Table 3. The main fatty acids in I. maritima (as percent of total fatty acids) were C14: 0 (13.74% – 20.35%) and C16 : 0 (15.14% – 21.72%) from saturated fatty acids (SFA), C18 : 1 (n–9) (3.81% – 5.59%) from monosaturated fatty acids (MUFA) together with C18 : 2 (n-6) (2.32 – 4.04%) and C22 : 6 (n–3) (7.38% – 9.28%) from polyunsaturated fatty acids (PUFA). The I. maritima harvested at late stationary phase showed the highest SFA content which recorded 40.93 ± 3.21% of total fatty acids, followed by at early stationary phase and exponential phase which recorded 36.76±3.02% and 38.67±3.10%, respectively, but there were no significant differences exist between them (One-way ANOVA, p > 0.05). The similar results were also obtained for MUFA & PUFA with no significant differences among the growth phases (p < 0.05).
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      Figure 3: Growth curve of I. maritima in 10 L Walne’s media. Labels indicate harvesting points: Exponential (Exp), Early stationary (ES), Late stationary (LS)

    



    Table 2: Cell density, dry weight (DW), ash content, ash-free dry weight (AFDW), protein and carbohydrate content of I. maritima harvested at different growth phases


    
      
        	
          Parameters

        

        	
          Exp

        

        	
          ES

        

        	
          LS

        
      


      
        	Density (x 106 cell.mL−1)

        	
          8.65±0.30a

        

        	
          9.64±0.25b

        

        	
          8.63±0.15a

        
      


      
        	DW (g.L−1)

        	
          3.14±0.11a

        

        	
          3.50±0.12b

        

        	
          3.13±0.07a

        
      


      
        	Ash (% DW)

        	
          22.9±1.27a,b

        

        	
          24.5±0.57b

        

        	
          21.4±0.31a

        
      


      
        	AFDW (g.L−1)

        	
          2.42±0.04a

        

        	
          2.64±0.1a

        

        	
          2.46±0.06a

        
      


      
        	Protein (% AFDW)

        	
          21.4±4.8b

        

        	
          20.6±0.34b

        

        	
          10.4±1.56a

        
      


      
        	Carbohydrate (% AFDW)

        	
          32.1±6.22a

        

        	
          31.5±5.09a

        

        	
          19.7±2.44a

        
      

    



    The values presented are means of three replicates and standard errors. Means were compared using the multiple range test of Duncan (α = 0.05); differences were not significant for groups with the same letter. Exp: Exponential phase; ES: early stationary phase; LS: late stationary phase.



    Table 3: Fatty acids composition (% of total fatty acids) of I. maritima at different growth phases


    
      
        	
          Fatty acids

        

        	
          Exp

        

        	
          ES

        

        	
          LS

        
      


      
        	
          Saturated (SFA)

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          C14 : 0

        

        	
          15.89±2.15

        

        	
          16.02±3.38

        

        	
          17.24±3.11

        
      


      
        	
          C15 : 0

        

        	
          1.15±0.24

        

        	
          1.34±0.31

        

        	
          2.12±0.21

        
      


      
        	
          C16 : 0

        

        	
          17.90±2.76

        

        	
          18.88±2.84

        

        	
          19.20±2.52

        
      


      
        	
          C17 : 0

        

        	
          0.56±0.08

        

        	
          0.35 ±0.06

        

        	
          0.78±0.13

        
      


      
        	
          C18 : 0

        

        	
          0.74±0.03

        

        	
          1.52±0.28

        

        	
          0.96±0.08

        
      


      
        	
          C20 : 0

        

        	
          0.28±0.06

        

        	
          0.21±0.06

        

        	
          0.35±0.12

        
      


      
        	
          C22 : 0

        

        	
          0.24±0.06

        

        	
          0.35±0.10

        

        	
          0.28±0.03

        
      


      
        	
          Monounsaturated (MUFA)

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          C15 : 1

        

        	
          0.26±0.04

        

        	
          -

        

        	
          0.18±0.08

        
      


      
        	
          C16 : 1

        

        	
          1.27±0.31

        

        	
          1.10±0.05

        

        	
          1.22±0.14

        
      


      
        	
          C17: 1

        

        	
          0.16±0.05

        

        	
          -

        

        	
          0.06±0.06

        
      


      
        	
          C18 : 1 (n-9)

        

        	
          4.62±0.24

        

        	
          4.39±0.58

        

        	
          5.38±0.21

        
      


      
        	
          C18 : 1(n-7)

        

        	
          1.30±0.14

        

        	
          -

        

        	
          1.10±0.14

        
      


      
        	
          Polyunsaturated (PUFA)

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          C18 : 2(n-6)

        

        	
          2.59±0.27

        

        	
          2.41±0.03

        

        	
          3.89±0.15

        
      


      
        	
          C18: 3(n-6)

        

        	
          -

        

        	
          0.08±0.02

        

        	
          -

        
      


      
        	
          C18 : 3 (n-3)

        

        	
          1.21±0.06

        

        	
          1.11±0.14

        

        	
          1.21±0.06

        
      


      
        	
          C20 : 3 (n-6)

        

        	
          0.07±0.02

        

        	
          -

        

        	
          0.02±0.01

        
      


      
        	
          C20 : 4 (n-6)

        

        	
          0.42±0.06

        

        	
          0.66±0.13

        

        	
          0.61±0.04

        
      


      
        	
          C20 : 5 (n-3)

        

        	
          -

        

        	
          0.3±0.18

        

        	
          -

        
      


      
        	
          C22 : 6 (n-3)

        

        	
          7.90±0.52

        

        	
          8.30±0.92

        

        	
          8.90±0.38

        
      


      
        	
          ∑SFA

        

        	
          36.76±3.02a

        

        	
          38.67±3.10a

        

        	
          40.93±3.21a

        
      


      
        	
          ∑MUFA

        

        	
          7.61±0.81a

        

        	
          5.49±1.65a

        

        	
          7.94±0.98a

        
      


      
        	
          ∑PUFA

        

        	
          12.19±1.43a

        

        	
          12.86±1.28a

        

        	
          14.63±1.63a

        
      


      
        	
          ∑ (n-3)

        

        	
          9.11±3.35a

        

        	
          9.71±2.54a

        

        	
          10.11±3.85a

        
      


      
        	
          ∑ (n-6)

        

        	
          3.08±0.79a

        

        	
          3.15±0.70a

        

        	
          4.52±1.20a

        
      


      
        	
          ∑(n-6)(n-3)

        

        	
          0.34

        

        	
          0.32

        

        	
          0.45

        
      

    



    The values presented are means of three replicates. Means were compared using the multiple range test of Duncan (tukar symbol alpha = 0.05), differences were not significant for groups with the same letter.


    Exp: Exponential phase; ES: early stationary phase; LS: late stationary phase; -: not detected


    The results obtained showed that I. maritima possess a good nutrient composition especially omega-3 PUFA which is essential diet for many commercial aquaculture species, and harvesting the biomass at early stationary growth phase may allow better yield in term of total protein, total carbohydrate and omega 3 PUFA. Besides, low ratio of omega-6 to omega-3 recorded regardless of growth phases proved that this species is suitable for feeding. These ratios are used in bivalve nutrition which lower values of omega-6 to omega-3 (lower than 0.5) indicate optimal value for larvae and juvenile oysters feeding (Fidalgo et al. 1998).


    CONCLUSION


    Being one of the Prymnesiophyceae, I. maritima was less reported compared to I. galbana and Pavlova sp. which are popular choice for aquaculture feed. Our study showed that this species is also a suitable candidate for aquaculture, which meets all the general attributes, including appropriate size for ingestion, rapid growth rates, amenable for mass culture, stable to any fluctuation in culture conditions and also have good nutrient composition.
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    Abstract: The genera of stingless bees play an important role as pollinators of plants. These bees are actively involved in the pollination of agricultural crops and known to have preferences in selecting flowers to pollinate. The aims of this study were to analyse the pollen load and flower constancy in Tetragonula laeviceps, Lepidotrigona terminata, and Heterotrigona itama. Each individual of species stingless bees collected and was put in a 1.5 mL micro-tube contain 0.5 mL 70% ethanol:glycerol (4:1). Pollen loads on each individual of stingless bees was counted by hemocytometer. Flower constancy of stingless bees was measured based on percentage of pollen type loaded on the body. Results showed that the pollen loads of H. itama was the highest (31392 pollen grains) followed by L. terminata (23017 pollen grains) and T. laeviceps (8015 pollen grains). These species also demonstrated different flower constancy, T. laeviceps on Poaceae flowers (76.49%), L. terminata on Euphorbiaceae flowers (80.46%), and H. itama on Solanaceae flowers (83.33%).


    Keywords: Bees, Stingless Bees, Flower Constancy, Pollen, Pollen Load


    INTRODUCTION


    Although many flowering plants are capable to self-pollinate, cross-pollination is needed to increase genetic diversity of plants. In cross-pollination, pollens are transferred by wind, water, birds, bats, or bees. These latter are identified as the most common agents involved in cross-pollination (Davies 1988).


    Pollen and nectar are attractive main sources for bees. Pollen grains have thin walls composed of exine and intine (Lersten 2004). Pollen contains protein and amino acid as nutrient sources (Szczesna 2006). Pollen size is an important parameter for pollen identification. The pollen size can be classified into very small (<10 μm), small (10–25 μm), medium (25–50 μm), large (50–100 μm), very large (100–200 μm), and gigantic (> 200 μm) (Erdtman 1972). Generally, pollen diameter is 15–60 μm (Kearns & Inouye 1993). Pollen is identified based on five principal properties: polarity, symmetry, aperture, shape and size (Erdtman 1972).


    Stingless bees (Hymenoptera; Apidae; Meliponinae) are social insects (Wille 1983) that play an important role as pollinator of plants (Inoue et al. 1985). Bees are known to actively visit in agricultural crops, such as peppers (Cruz et al. 2005) and tomatoes (Santos et al. 2009). There are about 100 species of plants visited by 37 species of stingless bees belonging to the families of Acantaceae, Begoniaceae, Caesalpiniaceae, Cucurbitaceae, Ciperaceae, Poaceae, Malvaceae, Myrtaceae, Rutaceae, Euphorbiaceae, Leguminosae, Rubiaceae, Sapindaceae, and Solanaceae as food sources for these bees (Engel & Bakels 1980; Ramalho et al. (1994); Slaa et al. (2006)).


    Stingless bee has caste system in the colony: reproductive caste (queens and males) and non-reproductive caste (workers) (Michener 2000). The bees are distributed in the tropics and subtropics areas (Free 1993) and about 50 species were found in Southeast Asia (Inoue et al. 1985). In Indonesia, stingless bees are also widely distributed in Kalimantan (about 31 species), Sumatra (41 species), and Java (9 species) (Schwarz 1937). Sakagami et al. (1990) reported six species of stingless bees in Java, i.e. T. laeviceps, H. itama, Tetragonula drescheri, Tetrigona apicalis, Geniotrigona thoracica, and L. terminata. In India, these five spesies of stingless bee were found, those are T. bengalensis, Tetragonula iridipennis, Tetragonula ruficornis, Tetragonula laeviceps, Tetragonula praeterita and L. terminata (Rahman et al. 2013). In Peninsular Malaysia, Salim et al. (2013) were found 17 species of nine genera of stingless bees, those are Geniotrigona, Heterotrigona, Homotrigona, Lepidotrigona, Lophotrigona, Sundatrigona, Tetrigonilla, Tetragonula, and Tetrigona.


    These bees have spesific structure to collect pollens, including a pollen basket or corbicula located at the tibia of hind legs. The number of pollens attached on the bee body is called pollen loads. These bees also have a length variation of proboscis that is used to collect pollens and nectar when foraging on the flowers (Davies 1988). During foraging, bees also showed a flower constancy. This latter shows the preference of bees to visit flowers of a particular plant species in one trip (Waser 1986). Ramalho et al. (1994) reported that in one foraging, commonly stingless bees visits only one flower type on average 97% and 3% taken from other plants.


    In this research, we measured pollen loads and flower constancy of three species of stingless bees, i.e. H. itama, L. terminata and T. laeviceps. H. itama has larger body size (3.0–7.5 mm), dominantly blackish body, with one weak tooth on the mandible. L. terminata has medium to large body size (4.0–5.5 mm), yellow-brownish body on mesoscutellum, While, T. laeviceps is a small species (about 3.5 mm body lenght), brown-blackish body with transparent wings (Sakagami et al. 1990; Michener 2007).



    MATERIALS AND METHODS


    Sample Collection


    Collection of stingless bee individuals was carried out from October to November 2015 in the colonies located at Ecology Park (Cibinong Science Center-Botanical Garden) area of Indonesian Institute of Sciences (LIPI), Cibinong, Bogor, West Java, Indonesia. The species used in this study were H. itama, L. terminata, and T. laeviceps. Six individuals of workers that carried pollens of each species were collected to measure pollen loads and body weight.


    Pollen Removal from Stingless Bee Individuals


    Each individual of worker stingless bees collected was anesthetised using ethyl acetate and then was put in a 1.5 mL micro-tube contain 0.5 mL 70% ethanol:glycerol (4:1). Then, the samples were rotated during 24 h, after which the bee was removed from the micro-tube. Afterwards, the solution was centrifuged at 2000 rpm for 10 min. The supernatant was discarded and the 0.1 mL sediment contain pollens is remained (Dafni 1992).


    Measurements of Pollens Loads on Stingless Bees


    The 0.1 mL solution contain pollens is used to measure pollen load. The number of pollens in the solution were counted using a compound microscope. The same method was replicated 4–5 times. Total pollen loads in 0.1 mL was counted.


    Pollen identification and Determination of Flower Constancy


    Pollen loads on body were identified based on the methods developed by Huang (1972) and Erdtman (1972). Several morphological structures were used to identify the pollens, i.e. aperture, surface pattern, polar and equatorial forms (Erdtman 1972). Measurement of polar and equatorial pollen were conducted by using a light microscope equipped with Optilab camera. Image Raster software was used to measure pollen size. The flower constancy of each bee species of stingless bee was determined based on the percentage of conspecific pollen types (Dafni 1992)


    Data Analysis


    Pollens loads of each stingless bees species were shown in bar chart. Pollens loads were correlated with body weight of each stingless bees species using scatter plot. Regression analysis was used to examine the relationship between the weight of each individual of stingless bees and the number of pollens carried by using Minitab version 16 software with a 95% confidence level (α = 5%).



    RESULTS


    Body Weight of Stingless Bees


    The morphological features of three stingless bees species used in the study, i.e. H. itama (Fig. 1A), L. terminata (Fig. 1B), and T. laeviceps (Fig. 1C) were shown in Figure 1. There were several differences on the morphology and size of these species. The average of fresh body weight of T. laeviceps, L. terminata, and H. itama were 2.67 mg ± 1.01 (n = 6), 5.00 mg ± 0.53 (n = 6), and 10.55 mg ± 5.5 (n = 4), respectively.
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      Figure 1: Morphological features of H. itama (A), L. terminata (B), and T. laeviceps (C) (scale = 5 mm).

    


    Pollen Loads on Stingless Bees


    Results showed that average pollen load on each species stingless bees varied. The highest pollen loads were observed in H. itama (31392 pollen grains), followed by L. terminata (23017 pollen grains), and T. laeviceps (8015 pollen grains) (Fig. 2). The number of pollens attached to the body of stingless bees was positively correlated with body weight (y = 3854.2x + 3492.2, R2 = 0.2654, p = 0.017) (Fig. 3).


    The Pollen Types Attached on Stingless Bees


    Pollens attached on the body of T. laeviceps belong to two plant families, i.e., Poaceae and Rutaceae. Dominant pollen type attached on the body of T. laeviceps was Poaceae (76.49%). The other pollen types were Rutaceae sp1 (17.89%) and Rutaceae sp2 (5.62%) (Fig. 4A). Our results showed the flower constancy of T. laeviceps on Poaceae flowers.


    On the body of L. terminata, we identified three pollen types, i.e., the pollens of Euphorbiaceae, Arecaceae sp1, and unidentified pollen type. The dominant pollen type attached on the body of L. terminata was mainly Euphorbiaceae (80.46%), Arecaceae sp1 (16.67%), followed by unidentified sp1 (1.51%), unidentified sp2 (1.37%). (Fig. 4B). In H. itama, the dominant pollen loads were Solanaceae (83.33%), followed by Arecaceae sp2 (16.67%) (Fig. 4C).
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      Figure 2: The average number of pollen load of each species of stingless bees.
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      Figure 3: The relationship between body weight of stingless bees and the number of pollen attached on the body.

    


    DISCUSSION


    Heterotrigona itama has the highest body weight compared the other species used in this study. There was correlation between body size (fresh weight) and pollen loads (Veiga et al. 2013). H. itama, the biggest species used in this study, had the highest pollen loads (31392 pollen grains), whereas T. laeviceps, the smallest species used in this study, had the lowest pollen loads (8015 pollen grains). This result supported the study previously performed by Reinaldo (2015) that the pollen loads on T. laeviceps were lower than in Apis cerana (4228 pollen grains). The ability of the worker bees to carry the pollens also depends on the size of the pollen basket (Shuel 1992) and body size (Sadeh 2007). Pollen contains protein that is used by young colony members (Jalil & Shuib 2014).
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      Figure 4: Percentage of pollen type on the body of T. laeviceps (A), L. terminata (B), and H. itama (C).
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      Figure 5: Pollen type attached on stingless bees: Pollen of Poaceae (A), Rutaceae sp1 (B), Rutaceae sp2 (C), Euphorbiaceae (D), Unidentified sp1 (E), Unidentified sp2 (F), Arecaceae sp1 (G), Solanaceae (H), Arecaceae sp2 (I).

    



    Flower constancy is an adaptive behaviour and the best strategy for bees to reduce the energy that would be redundantly spent for choosing other plants (Gruter & Ratnieks 2011). Several factors influence flower constancy, i.e. odor or chemical compound, colors, and shapes of flowers (Gruter & Ratnieks 2011).


    Tetragonula laeviceps showed flower constancy on the flowers of Poaceae family (76.49%). Poaceae family belongs to grass that are generally found near stingless bees colonies. In bees, foraging in a limited space increase the efficiency of foraging (Kakutani et al. 1993). Other individuals of stingless bees also forage on Rutaceae sp1 and Rutaceae sp2 flowers as nutrient sources. Engel and Bakels (1980) also reported that stingless bees also forage on the flowers of Caesalpiniaceae, Begoniaceae, Myrtaceae, Malvaceae and Rutaceae families.


    Lepidotrigona terminata showed flower contancy on the flowers of Euphorbiaceae (80.46%). This result supported the study of Ramalho et al. (1994) demonstrating that 62%-89% of stingless bees took pollens from the Euphorbiaceae plants. Only one individual of L. terminata carried pollens from Arecaceae sp1 (16.67%) and the remaining individuals carried pollens from unidentified sp1 and unidentified sp2 (2.87%). Both of pollen types was unable to be identified due to the fact that the polar and equatorial forms of these pollen were not clearly visible. Polar and equatorial forms are indispensable characteristics for pollen identification (Huang 1972).


    In H. itama, pollen loads were dominated by the pollens of Solanaceae (83.33%) and 16.67% belonged to the pollens of Arecaceae sp2 (16.67%). Some species of stingless bees were known as effective pollinators in Solanaceae (Heard 1999). In Brazil, stingless bees are effective pollinators of Capsicum annuum and have been reported to improve the quality and quantity of fruits (Cruz et al. 2005).In this study, three species of stingless bees showed different preference to visit the flowers. T. laeviceps prefered Poaceae plants, L. terminata prefered Euphorbiaceae plants, and H. itama prefered Solanaceae plants as their nutrient sources. It shows that the effectiveness of the pollination in some species of bees is highly dependent on the plant species thereby highlighting the importance of flower constancy in such a pollination (Kearns & Inouye 1993). Stingless bees can be used as alternatives for commercial pollination (Heard 1999), because they do not die after reproducing, have no sting, and are more resistent to pests and parasites than honey bees. Stingless bees can be used to pollinate the plants cultivated in residential areas and in the greenhouses. These bees have also been shown to successfully pollinated some greenhouse plants in temperate areas, such as Netherlands and Japan. In general, stingless bees have been demonstrated to be good alternatives as pollinators for cultivation plants (Slaa et al. 2006).


    CONCLUSION


    Pollen loads on three species of stingless bees were varied. Pollen load on H. itama was highest (31392 pollen grains), followed by L. terminata (23017 pollen grains) and T. laeviceps (8015 pollen grains). The number of pollens attached to the body of stingless bees was positively correlated with body weight. Three species of stingless bees also showed different flower constancy. T. laeviceps showed flower contancy on the flowers of Poaceae plant (76.49%), L. terminata on the flowers of Euphorbiaceae (80.46%), and H. itama on the flowers of Solanaceae (83.33%).
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    Abstrak: Kajian kualiti air sungai memainkan peranan yang penting dalam menilai status pencemaran dan kesihatan air. Aktiviti manusia seperti domestik, akuakultur, pertanian dan industri telah menjejaskan kualiti air sungai. Sungai Pinang adalah salah satu sungai penting di daerah Balik Pulau, yang membekalkan air tawar untuk kegunaan manusia. Parameter fizikal dan kimia di kawasan tadahan Sungai Pinang, Balik Pulau dianalisis untuk menentukan sumber bahan pencemaran yang memasuki sungai. ‘artificial neural network’ (ANN) telah digunakan untuk mengkelas dan mengkluster sungai kepada bahagian hulu, tengah dan hilir. Data yang dipantau dan analisis ANN menunjukkan bahawa sumber nitrat berasal dari bahagian hulu Sungai Pinang, Balik Pulau, manakala sumber nitrit, ammonia dan orto-fosfat mempunyai pengaruh besar di bahagian tengah sistem sungai. Sementara itu, jumlah tinggi pepejal terampai dan keperluan oksigen biologi tertumpu di hilir sungai.


    Kata kunci: Aktiviti Manusia, Artificial Neural Networks, Parameter Fizikal dan Kimia


    Abstract: The study of river water quality plays an important role in assessing the pollution status and health of the water bodies. Human-induced activities such as domestic activities, aquaculture, agriculture and industries have detrimentally affected the river water quality. Pinang River is one of the important rivers in Balik Pulau District that supplies freshwater for human consumption. A total of 442 physical and chemical parameters data of the Pinang River, Balik Pulau catchment were analysed to determine the sources of pollutants entering the river. Non-supervised artificial neural network (ANN) was employed to classify and cluster the river into upstream, middle-stream and downstream zones. The monitored data and non-supervised ANN analysis demonstrated that the source of nitrate was derived from the upper part of the Pinang River, Balik Pulau while the sources of nitrite, ammonia and ortho-phosphate are predominant at the middle-stream of the river system. Meanwhile, the sources of high total suspended solid and biological oxygen demand were concentrated at the downstream of the river.


    Keywords: Anthropogenic Activities, Non-Supervised Artificial Neural Networks, Physical and Chemical Parameters



    INTRODUCTION


    Pinang River, one of the important rivers in Balik Pulau district in Malaysia, is heavily impacted by anthropogenic activities such as domestic activities, aquaculture and agriculture (DOE, 2008). The creeks flowing into the Pinang River, Balik Pulau receive untreated wastewater discharge directly from small villages situated along the river. The anthropogenic activities existing at the river upstream eventually affects the water quality of the river and may have serious impacts, in terms of water pollution, on the marine ecosystem.


    The Pinang River, Balik Pulau catchment area supplies freshwater to more than 53,000 people in the Penang Island of Malaysia. Thus, it is particularly important to ensure that the water is safe for drinking. The guidelines for drinking water as proposed by DOE (2008) and WHO (2008) are important efforts to monitor any source of pollution that endangers human health. Therefore, the objective of this study was to identify the sources of pollutants that enter into the Pinang River, Balik Pulau.


    MATERIALS AND METHODS


    Sampling Sites


    Pinang River is located in Balik Pulau district in the north-western part of Penang Island between coordinates 5o23’26.71”N 100o10’40.62”E and 5o24’12.79”N 100o13’36.01”E. It is a shallow river of 6.5 km in length with a depth of 0.13–3.03 m and a width of 2–80 m. The Penang Water Authority pump house is located at the upper part of the river and is responsible for collecting and supplying the freshwater to the residents of Balik Pulau. Water samples were collected from seven stations along the flow of the river, commencing from the upstream until the downstream end, into the sea (Fig. 1 and Table 1). Sampling was done twice a month from October 2007 to October 2008 during spring and neap tides at low and high tides. During the spring tide, the river experiences a strong tidal mixing in the water column with a greater length of seawater intrusion compared to that observed during neap tide. This may show variation in water quality parameters for both tidal events.


    Physical and Chemical Parameters


    The parameters like temperature (oC), pH, dissolved oxygen (DO) (mg/L), salinity (ppt) and electrical conductivity (EC) (µMHOS) were measured in-situ at the sampling stations. The collected data for DO and temperature were measured using DO Meter YSI Model 57. Dissolved salts and ions for water EC level was determined by S-C-T Meter (YSI). Hydrogen ion concentration (pH) and salinity were assessed using portable battery-operated pH (EUTECH Instruments) and hand refractometer (ATAGO), respectively.



    Table 1: Variation of land-use activities along the Pinang River, Balik Pulau at the sampling stations with the Global Positioning System (GPS) coordinates


    
      
        	
          Station

        

        	
          Location

        

        	
          Land use activities

        

        	
          GPS

        

        	
          River zone

        
      


      
        	
          S1

        

        	Agricultural area (Hilly water catchment area)

        	Primary forest and orchard plantation

        	5O 23’33.90”N

        100O 13’4.17”E

        	Upstream
      


      
        	
          S2

        

        	Agricultural area (Foothill water catchment area)

        	Small villages and orchard plantation

        	5O 23’59.36”N

        100O 12’50.48”E

        	Upstream
      


      
        	
          S3

        

        	Domestic area

        	Houses and small cottage industry

        	5O 23’35.38”N

        100O 12’0.28”E

        	Middle-stream
      


      
        	
          S4

        

        	Agricultural area

        	Oil palm plantation

        	5O 23’24.78”N

        100O 46’0.57”E

        	Middle-stream
      


      
        	
          S5

        

        	Aquaculture area

        	Aquaculture ponds

        	5O 23’31.48”N

        100O 11’42.85”E

        	Middle-stream
      


      
        	
          S6

        

        	Estuary

        	Mangrove vegetation

        	5O 23’30.03”N

        100O 11’13.71”E

        	Downstream
      


      
        	
          S7

        

        	Open Sea

        	Open to Strait of Malacca

        	5O 23’29.51”N

        100O 10’41.65”E

        	Downstream
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      Figure 1: Variation of land-use activities along the Pinang River, Balik Pulau at the sampling stations with the Global Positioning System (GPS) coordinates.

    



    However, the determination and analysis of parameters like total suspended solid (TSS), mg/L, nitrite (µM), nitrate (µM), ammonia (µM), ortho-phosphate (µM) and biochemical oxygen demand (BOD5), mg/L were made in the laboratory. TSS was obtained by filtration of water samples by using Whatman Glass Fibre Filter GF/C with the particle retention of 0.45 µm. Nutrient determination for nitrite concentration was measured by diazotisation with sulphanilamide and its reaction with N-(1-napthyl)-ethylenediamine to form a highly azo dye colour (Adams 1990). For nitrate analysis, the water samples were required to pass through the reduction process to develop nitrite form. The process required a column that contained cadmium filings coated with metallic copper (Adams 1990). This procedure involved in attaining the actual nitrate concentration in water samples with subtracted the calculated nitrite concentration given. Phenol-hypochlorite method was used to measure ammonia concentration (Strickland & Parsons, 1972). The sample is mixed with alkaline citrate and sodium hypochlorite solutions and phenol in the presence of sodium nitroprusside, which act as a catalyser, to form a blue indophenol with ammonia concentration (Strickland & Parsons, 1972). For ortho-phosphate determination, the blue solution of ortho-phosphate concentration is developed from the complex heteropoly acid due to the reaction between a reagent compound containing ammonium molybdate, sulphuric acid, ascorbic acid and trivalent antimony (Boyd & Tucker 1992). BOD5of 300 mL sampled water was measured from the concentration of oxygen consumed by microbial activities following totally dark incubation at 20°C for 5 days (APHA 1985). A total of 442 data on physical and chemical parameters were collected.


    Non-supervised ANN


    The Self-Organizing Map (SOM) algorithm has been derived from the non-supervised artificial neural network (ANN) concept, which was developed by Kohonen (1984). This algorithm was applied to the ordination, clustering, and mapping of physical and chemical parameters data by categorising the Pinang River, Balik Pulau into upstream, middle-stream and downstream zones. The principal approach is presented in a simplified manner as shown in Figure 2. The non-supervised ANN consists of neurons that classify between similar and dissimilar features of the normalised input data. Thus, it can be mapped into clustered input forms (Recknagel et al., 2006). Those features are calculated between the similarity of the inputs and weights of Euclidean distances that can be visualised and partitioned by the unified distance matrix (U-matrix) and partitioned map (K-means) (Vesanto et al. 2000; Kalteh et al. 2008).


    Figure 3 shows the zoning of clusters for Pinang River, Balik Pulau from October 2007 until October 2008 as mapped according to Table 2 by the U-matrix and K-means partitioning using the SOM Toolbox of Matlab 6.5 (2002). The U-matrix map (Fig. 3(a)) represents the relative distances between neighbouring data of the input data space as shades of grey. The lighter areas in the U-matrix visualise the smallest distances between neighbouring data to indicate regions or clusters. The dark colour represents neighbouring data with the largest distances and denotes the borders between clusters. The K-means algorithm partitions the input data space into a specified number of clusters based on the U-matrix (Recknagel et al. 2006; Chan et al. 2007). Figure 3(b) visualises the corresponding partitioned map for the three zones at Pinang River, Balik Pulau.
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      Figure 2: The Self-Organizing Map (SOM) algorithm.
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      Figure 3: The zoning of clusters for Pinang River, Balik Pulau from October 2007 until October 2008.

    


    There are 11 input variables including temperature, pH, DO, BOD5, salinity, EC, TSS, nitrite, nitrate, ammonia and ortho-phosphate that were used for ordination and clustering by means of the SOM Toolbox for Matlab 6.5.



    Table 2: Physico-chemical variables with minimum, maximum and mean values of Pinang River, Balik Pulau from October 2007 until October 2008 at low and high water levels during both spring and neap tides.
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    RESULTS AND DISCUSSION


    Table 2 presents the water quality parameters (minimum, maximum and mean value) measured at all the stations along the Pinang River, Balik Pulau. The ordination and clustered data using a non-supervised ANN tool is shown in Figure 4.


    The low mean water temperature (24.4°C) at upstream was due to the hilly landscape that was covered with forests and orchards. The unsheltered environment of the flowing river demonstrated a slightly higher water temperature at middle-stream (28.5°C) and downstream ends (29.6°C). Higher water temperatures near the sea could heat up the shallow water from the coast of mangrove estuary tidal flats (Sanderson & Taylor 2003). Thus, watershed vegetation cover plays an important role in determining the temperature of the stream water whereas seasonality in rainfall and stream discharge are less defined (Ramírez et al., 2014).


    The pH values of the river were in the range of 4.7–9.8. Based on WHO (2008), the optimum pH value for drinking water is in the range of 6.5–9.5; however, the pH of 6.5–8.5 was annotated by DOE (2008). A slightly higher pH values above 9.5 was recorded irregularly along the middle-stream and downstream; this may be due to the photosynthesis algae activities that consume CO2 dissolved in water (Drische et al., 2008). Occasionally, lower pH was recorded at the upstream (Station 2) and middle-stream (Station 3). This may be due to the acidic discharge and fertiliser usage from the agriculture run-off (Sanjay Kumar et al. 2006) and domestic sewage (Mendiguchía et al. 2007) into the river.
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      Figure 4: The ordination and clustered data using a non-supervised ANN tool.

    


    The DO level varied from 6.3–9.1 mg/L at the upstream, 1.0–10.5 mg/L at the middle-stream, and 1.7–10.6 mg/L at the downstream of the river. A few measurements (about 6 times) indicated the very low level of DO at Station 6. This was probably due to the high content of organic pollutants from oil palm plantation leachates (Sanjay Kumar et al. 2006) and aquaculture discharges (Mirzoyan et al. 2008) that allowed the bacterial utilisation of DO during the respiration process.


    All the sampling stations measured high BOD5 with an exception at Station 1. The minimum and maximum values of BOD5 in the upstream, middle-stream and downstream ranged from 0–6.8 mg/L, 0–12.6 mg/L, and 0–13.9 mg/L, respectively. A high BOD5level was recorded on certain sampling days, especially at middle-stream (4.1 mg/L) followed by the downstream (3.7 mg/L). Flowing discharges of untreated domestic sewage from the upstream to the downstream were the main causes of BOD5deterioration in the river ecosystem (Johnson et al. 2002; Uzoukwu et al. 2004; Sanjay Kumar et al. 2006).


    A certain part of the Pinang River, Balik Pulau experienced tidal fluctuation, which reached until the middle-stream (Station 3) with salinity 31 ppt. EC recorded 10–35 µMHOS at upstream, 20–48000 µMHOS at middle-stream and 210–50000 µMHOS at downstream. In general, elevated EC concentrations in the water bodies were influenced by high salinity levels, especially during the spring tide. During this tidal event, the bottom part of the water frequently exhibited higher levels of salinity and EC compared to the surface water as reported by Gao et al., (2008). The highest salinity value during spring and neap tides were 33 ppt and 32 ppt, respectively. Not much variation in tidal amplitude occurred during neap tide. The convergence of TSS downstream indicated a higher mean of TSS (244.3 mg/L). However, the upstream (14.9 mg/L) and middle-stream (136.9 mg/L) predominantly indicated low and moderate TSS. High TSS at Station 5 was due to the effluent discharge from aquaculture ponds that consisted of uneaten pellets used for prawn, fish and livestock. In addition, high precipitation is another factor that contributed to the increase in TSS (Mendiguchía et al. 2007), which transported suspended solids from the upstream towards the downstream.


    The concentrations of nitrite at upstream, middle-stream and downstream were in the range of 0–1.2 µM (mean 0.3 µM), 0–18.1 µM (mean 1.6 µM) and 0–19.6 µM (mean 0.9 µM), respectively. At certain sampling days, high nitrite concentration was observed in surface water (Stations 3, 5 and 6), especially during the low tide of spring tide. The elevated nitrite could be from domestic discharges and aquaculture effluents. Agricultural land at stations 1, 2 and 4 did not contribute to the high level of nitrite. In this study, the nitrite levels did not exceed the standard value for drinking set by WHO (2008), i.e. 214.3 µM, and DOE (2008), i.e. 28.6 µM. For the middle-stream and downstream zones, which were influenced by the tidal event from sea water, the Marine Water Quality Criteria for the ASEAN Region (AMWQC) was used as a guideline for the livelihood of aquatic living organisms. In several occasions, the levels of nitrite at the middle-stream and downstream exceeded the standard value (i.e. 3.93 µM) set by AMWQC of AWGCME (2004).


    High nitrate (18.9 µM) was observed at upstream, and it eventually decreased slightly along the middle-stream (9.9 µM) and downstream (3.5 µM) of the river. Leachates from fertiliser consumption in the orchard plantations eventually ended up in the river via groundwater runoff. As Pinang River, Balik Pulau is the source of freshwater supply for drinking, the nitrate level in it should not exceed 3571.4 µM (WHO 2008), which is a recommended value for drinking water to protect against methaemoglobinaemia that can cause blue baby syndrome. In Malaysia, the recommended value of nitrate level for drinking water should be less than 500 µM (DOE 2008). A high nitrate level was recorded at the upstream and occasionally at the middle-stream as well. Besides agricultural practices, the lack of sewage treatment and wastewater treatment from residential areas and aquaculture ponds were the main contributors to the high levels of nitrate at these stations. Low nitrate levels were recorded at Station 7 that were probably caused due to the dilution by seawater. Sometimes, the concentrations of nitrate at Station 3 to Station 7 exceeded the accepted levels (i.e. 4.29 µM) set by AMWQC.


    Among all the sampling stations, the middle-stream indicated to have high ammonia levels (mean of 2.2 µM). Even though the water catchment area at the upstream had received runoff from the agricultural land, surprisingly very low concentrations of ammonia were recorded at upstream. However, the ammonia levels at the middle-stream and downstream exceeded 5 µM set by AMWQC. Probably, direct discharges from domestic wastes (Bellos et al. 2004), aquaculture effluent (Khairun 2004) and the leaching of fertiliser usage from oil palm plantations (Hishamudin et al. 1987) contributed to the high ammonia levels. The low ammonia level at Station 7 in the sea was due to the effect of water dilution during the high tide.


    The ortho-phosphate level was found to be low at the upstream with the mean value of 0.7 µM. Agricultural practices at the upstream did not affect the overall river water quality. However, the middle-stream (4.2 µM) and the downstream (2.1 µM) showed high ortho-phosphate levels that exceeded the level (1.41 µM) set by AMWQC. The results from this study indicate that Pinang River is being polluted by human sewage from domestic areas. In addition, the usage of detergents in household activities (Ntengwe 2006), the high phosphorus content in fertilisers for oil palm plantations (Hishamudin et al. 1987) and prawn faeces in aquaculture effluent (Thakur & Lin 2003) are also other factors that contributed to the increase of ortho-phosphate concentrations.


    CONCLUSION


    The application of non-supervised ANN by using the physical and chemical parameter data identified the pollution zones of Pinang River, Balik Pulau. The high level of nitrate originated from the water catchment area due to the usage of fertilisers in the orchard plantations. In general, the distribution of BOD5, TSS, nitrite, ammonia and ortho-phosphate was very distinct at middle-stream, where wastewater from houses, oil palm plantations and aquaculture ponds were directly discharged into the river. Furthermore, high levels of ammonia, BOD5 and TSS were recorded at the downstream end of the river. The impact of anthropogenic activities in Pinang River, Balik Pulau could lead to the deterioration of water and could pose a serious problem for future generations.
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    Abstrak: Kajian mengenai komposisi spesis anai-anai telah dijalankan di Pusat Perlindungan Hidupan Liar Samunsam, Sarawak pada 2015. Penilaian ini telah dijalankan bermula dari 7 sehingga 13 Februari 2015. Hasil kajian telah menemukan 19 spesis yang terdiri daripada 19 genera dan 8 subkeluarga di Pusat Hidupan Liar Samunsam. Subkeluarga Termitinae telah direkodkan mempunyai jumlah spesis yang tertinggi (6 spesis, bersamaan 31.58% daripada jumlah spesis), diikuti oleh Nasutermitinae (3 spesis, 15.79%), Macrotermitinae, Amitermitinae, Rhinotermitinae, Coptotermitinae (2 spesis, 10.53% masing-masing), dan Heterotermitinae, Termitogetoninae (1 spesis, 5.26% masing-masing). Kajian yang lengkap dan tempoh masa yang lebih panjang di kawasan ini akan pasti dapat menemukan lebih banyak komposisi spesis di pusat perlindungan hidupan liar ini.


    Kata kunci: Pusat Perlindungan Hidupan Liar Samunsam, anai-anai, komposisi, Termitinae


    Abstract: A survey on termite species composition was conducted in Samunsam Wildlife Sanctuary, Sarawak in February 2015. Overall 19 species of termite belonging to 13 genera and 8 subfamilies was found in the sanctuary. It was recorded the subfamily of Termitinae had the highest number of species (6 species, equal to 31.58% of total species), followed by Nasutermitinae (3 species, 15.79%), Macrotermitinae, Amitermitinae, Rhinotermitinae, Coptotermitinae, (2 species, 10.53% respectively), and Heterotermitinae, Termitogetoninae (1 species, 5.26% respectively). Since this rapid survey is the first termite assemblage representation in Samunsam Wildlife Sanctuary, the preliminary result may serve as the baseline data for termite composition in the area. Therefore, a whole coverage for the area within this sanctuary would definitely increase the number of termite species found in the sanctuary.


    Keywords: Samunsam Wildlife Sanctuary, Termite, Composition, Termitinae



    Termites are one of the most popular insects that have been studied nowadays due to its capability to cause high economic damages (Bong et al. 2012). They are reported to destroy building and premises, become agricultural pests such as oil palm plantation, garden landscapes (Lee 2002) and bring damages to any cellulose materials such as books, papers, blanket, windows frame, furniture and man-made fabrics (Chao et al. 1989; Ibrahim & Adebote 2012). Although termites are known as destructive pests in building premises of urban areas (Van Quang et al. 2014) and have potential to affect economic growth, they are the most dominant inhabitants in tropical and subtropical regions, yet act as vital decomposer of cellulose materials in forest ecosystem (Pearce 2006; Vaessen et al. 2011).


    Tho (1992) listed an estimated number of 175 species of termites from 42 genera and three families (Kalotermitidae, Rhinotermitidae and Termitidae) all across Peninsular Malaysia. A more recent review on termite taxonomy in the Sundaland region by Gathorne-Hardy (2004) listed about 132 species of termites in the Peninsula. There are about 104 species comprising 33 genera have been recorded in Sabah (Thapa 1981). Being responsive to habitat disturbance and environmental changes, the termite composition and assemblages in an area may be used as a model to evaluate the disturbance effects on an ecosystem (Davies 2002) and as potential indicator to investigate climatic change in a given area (Gathorne-Hardy et al. 2002). The study was conducted to investigate the composition of termites in the Samunsam Wildlife Sanctuary, the protected area in Sarawak. It is important to have faunal checklist of the area. The assessment will partially fill the gap of knowledge on the distribution of termites in Sarawak and serve as baseline data for future research.


    Samunsam Wildlife Sanctuary is located at western tip of Sarawak (1° 55.00’ N 109° 36.00 E) (Fig. 1). Gazetted in 1979, Samunsam Wildlife Sanctuary is the first wildlife sanctuary to be established in Sarawak (Hazebroek & Abang Kashim 2000). The main access to the park is by a 60 min barge ride from Sematan jetty. Samunsam Wildlife Sanctuary was gazetted as a protected area mainly to protect the endemic proboscis monkey (Nasalis larvatus), Muller’s Bornean gibbons (Hylobates muelleri), silvered langurs (Presbytis cristata) and other wildlife species. The sanctuary which covers 6090 ha consists of mangrove, riverine, kerangas and mixed dipterocarp forests (Bennett & Sebastian 1988; Hazebroek & Abang Kashim 2000). The diverse vegetation exist in the sanctuary can supports such unique fauna by providing wide varieties of food sources and niches.


    Survey was carried out along the natural trail (Fig. 1) and the sampling method is based on protocol established by Jones and Eggleton (2000). The 100 m belt transect consisted of 20 plots of 5 × 2 m² that were sampled sequentially. Each plot was sampled for 30 min by two workers and collection of samples were made in the following microsites: forest litter, dead wood, tree trunks and buttress roots, mounds, soil surface to 5 cm depth (10–15 points) and runways to 2 m height in the vegetation. The survey was conducted for seven consecutive days from 7 to 13 February 2015. Termites were surveyed twice daily in the morning from 0900 to 1200 and 1400 to 1700, focussing on the termite nests, forest floor and dead woods. Approximately a total of 2 km of trail was covered representing different habitats including mangrove forest, swamp forest, mixed dipterocarp forest, riverine forest, and kerangas forest.


    About 10 to 20 termite soldiers were collected from each colony found during survey. The termite specimens were collected and kept in small vials with 70%–80% ethanol. The termite species identification was made in the Parasitology Laboratory, Universiti Malaysia Sarawak following Tho (1992), Thapa (1981), Gathorne-Hardy (2004), Syaukani and Thompson (2011) and other relevant publications.
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      Figure 1: Samunsam Wildlife Sanctuary location.

    


    The photographs of the soldiers were taken using a Motic SMZ-16B Series stereomicroscope attached to a Moticam 2000 camera and then the image sequences were combined with Helicon Focus 6 software. Calibrated measurements were taken by using Motic Image Plus 2.0 software. The soldier identification features include (1) shape and characteristics of the head and mandibles, (2) antennae, (3) post-mentum, (4) pro-, meso- and meta-notum, (5) size and colouration of termites, and (6) other individual characteristics.


    A total of 17 species identified were belong to two families, eight subfamilies and twelve genera (Table 1). Termites found were assigned into one of five feeding groups based on classification given in Collins (1984) and Eggleton et al. (1997) whether (i) wood feeders (termites feeding on living or dead wood), (ii) wood-litter feeders (foraging termites feeding on leaf litter or woody litter), (iii) soil feeders (termites feeding on humus and mineral soil), (iv) soil-wood interface feeders (termites feeding on highly decayed, friable and soil-like wood), or (v) epiphyte feeders (termites feeding on lichens, epiphytes and other free living non-vascular plants).


    From a total of 17 species collected (Table 1), 11 species were assigned as wood feeding (W) species and by far the most common in all transects, represented by genera of Nasutitermes, Havilanditermes, Prohamitermes, Microcerotermes, Schedorhinotermes, Coptotermes, Heterotermes and Termitogen. Four species of soil humus feeders (S/H) dominated by Discuspiditermes, Procapritermes and Pericapritermes. Wood-litter feeders (WL) was found to be the least feeding group in the area represented by Odontotermes mathuri and O. dentriculatus (Table 1). Only the soil wood and epiphyte feeder were not encountered in the present study. Figure 2 represented the comparison between percentage of termite species and feeding group. S. brevialatus dominated wood feeders (n = 19) by 21.1% followed by C. sepangensis (15.8%), C. curvignathus, N. matangensiformis and S. javanicus with 10.5% respectively. For both wood-litter feeders (WL) and soil/humus feeders (S/H), they are equally represented, 50% by O. mathuri and O. dentriculatus respectively for WL group and 25% by D. nemorosus, D. paramkhamensis, P. latignathus and P. neosetiger respectively for S/H group. Data observed were further analysed for Chi Square test by using statistical computation program SPSS 18.0. The comparison between (i) the number of species and feeding group and (ii) the number of species and subfamily were computed to their significance.
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      Figure 2: Comparison between percentage of termite species and feeding group.

    



    Table 1: Relative abundance of termite species collected in Samunsam Wildlife Sanctuary, based on number of ‘hits’ of each species in a transect (the presence of species in one section represents one hits). Feeding group: W= wood feeders; WL = wood-litters feeders; S/H = soil/humus feeders.


    
      
        	
          Family

        

        	
          Subfamily

        

        	
          Species

        

        	
          Feeding group

        

        	
          Relative abundance of species

        
      


      
        	Termitidae

        	Macrotermitinae

        	Odontotermes mathuri

        	
          WL

        

        	
          1

        
      


      
        	

        	

        	Odontotermes denticulatus

        	
          WL

        

        	
          1

        
      


      
        	

        	Termitinae

        	Discuspiditermes paramkhamensis

        	
          S/H

        

        	
          1

        
      


      
        	

        	

        	Discuspiditermes nemorosus

        	
          S/H

        

        	
          1

        
      


      
        	

        	

        	Procapritermes neosetiger

        	
          S/H

        

        	
          1

        
      


      
        	

        	

        	Pericapritermes latignathus

        	
          S/H

        

        	
          1

        
      


      
        	

        	Nasutitermitinae

        	Nasutitermes matangensiformis

        	
          W

        

        	
          2

        
      


      
        	

        	

        	Nasutitermes longinasoides

        	
          W

        

        	
          1

        
      


      
        	

        	

        	Havilanditermes atripennis

        	
          W

        

        	
          1

        
      


      
        	

        	Amitermitinae

        	Prohamitermes hosei minor

        	
          W

        

        	
          1

        
      


      
        	

        	

        	Microcerotermes serrula

        	
          W

        

        	
          1

        
      


      
        	Rhinotermitidae

        	Rhinotermitinae

        	Schedorhinotermes brevialatus

        	
          W

        

        	
          4

        
      


      
        	

        	

        	Schedorhinotermes javanicus

        	
          W

        

        	
          2

        
      


      
        	

        	Coptotermitinae

        	Coptotermes curvignathus

        	
          W

        

        	
          2

        
      


      
        	

        	

        	Coptotermes sepangensis

        	
          W

        

        	
          3

        
      


      
        	

        	Heterotermitinae

        	Heterotermes tenuior

        	
          W

        

        	
          1

        
      


      
        	

        	Termitogetoninae

        	Termitogen planus

        	
          W

        

        	
          1

        
      


      
        	Total number of species

        	
          17

        
      


      
        	Relative abundance (total hits)

        	
          25

        
      

    



    Table 2 shows the percentage of species number encountered in Samunsam Wildlife Sanctuary. The subfamily Termitinae had the highest number of species (4 species, equal to 23.53% of total species), followed by Nasutermitinae (3 species, 17.65%), Macrotermitinae, Amitermitinae, Rhinotermitinae, Coptotermitinae, (2 species, 11.76% respectively), and Heterotermitinae, Termitogetoninae (1 species, 5.88% respectively). Two species of genus Coptotermes were found in this study, C. curvignathus (Fig. 3) and C. sepangensis (Fig. 4). The Coptotermes is an important genus of subterranean termites as structural pests in Malaysia with five species; C. curvignathus (Holmgren), C. travians (Haviland), C. kalshoveni (Kemner), C. sepangensis (Krishna) and C. havilandi (Holmgren) (Lee 2002).


    A study by Hanis et al. (2014) and Vaessen et al. (2011) had recorded the family of Termitidae as the dominant family found and the largest subfamily was Nasutitermitinae. In the present study, family of Termitidae was found the dominant family as well, yet the largest subfamily was Termitinae. Two genus of Nasutitermes (Fig. 5) and Havilanditermes (Fig. 6) under Nasutitermitinae family was only encountered, which is poorly represented in this area compared to Hanis et al. (2014) and Vaessen et al. (2011) data. The Scheidorhinotermes spp. (Fig. 7) of Rhinotermitinae subfamily was recorded to have the most total number of hits in Rhinotermitidae family (Table 1).



    Table 2: The genera composition of termites in Samunsam Wildlife Sanctuary.


    
      
        	
          No.

        

        	
          Scientific name

        

        	
          Species number

        

        	
          Percentage (%)

        
      


      
        	

        	
          RHINOTERMITIDAE

        

        	

        	
      


      
        	

        	Rhinotermitinae Froggatt

        	
          2

        

        	
          11.76

        
      


      
        	
          1

        

        	
          Schedorhinotermes Silvestri

        

        	
          2

        

        	
      


      
        	

        	Coptotermitinae Holmgren

        	
          2

        

        	
          11.76

        
      


      
        	
          2

        

        	
          Coptotermes Wasmann

        

        	
          2

        

        	
      


      
        	

        	Heterotermitinae Froggat

        	
          1

        

        	
          5.88

        
      


      
        	
          3

        

        	
          Heterotermes Froggatt

        

        	
          1

        

        	
      


      
        	

        	Termitogetoninae Holmgren

        	
          1

        

        	
          5.88

        
      


      
        	
          4

        

        	
          Termitogen Desneux

        

        	
          1

        

        	
      


      
        	

        	
          TERMITIDAE

        

        	

        	
      


      
        	

        	Macrotermitinae Kemner

        	
          2

        

        	
          11.76

        
      


      
        	
          5

        

        	
          Odontotermes Holmgren

        

        	
          2

        

        	
      


      
        	

        	Termitinae Sjostedt

        	
          4

        

        	
          23.53

        
      


      
        	
          6

        

        	
          Discupiditermes Krishna

        

        	
          2

        

        	
      


      
        	
          7

        

        	
          Procapritermes Holmgren

        

        	
          1

        

        	
      


      
        	
          8

        

        	
          Pericapritermes Silvestri

        

        	
          1

        

        	
      


      
        	

        	Nasutitermitinae Hare

        	
          3

        

        	
          17.65

        
      


      
        	
          9

        

        	
          Nasutitermes Dudley

        

        	
          2

        

        	
      


      
        	
          10

        

        	
          Havilanditermes Light

        

        	
          1

        

        	
      


      
        	

        	Amitermitinae Kemner

        	
          2

        

        	
          11.76

        
      


      
        	
          11

        

        	
          Prohamitermes Holmgren

        

        	
          1

        

        	
      


      
        	
          12

        

        	
          Microcerotermes Silvestri

        

        	
          1

        

        	
      


      
        	

        	Relative Abundance

        	
          17

        

        	
          100
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      Figure 3: The soldier head of C. curvignathus
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      Figure 4: The soldier head of C. sepangensis

    


    Further statistical analysis of Chi-square showed that the p-values of each data observed is smaller than α = 0.05 (Table 3). This indicated both termite feeding groups and subfamilies are significantly different with the termite species as shown in Table 3.


    The wood feeding species dominated in the area by relative abundance of 19 total species hits (Table 1) explained the characteristics of the Samunsam Wildlife Sanctuary which full of tree trunks with humid soil conditions. Most of wood feeder termites only feed on dead trunks and have less contact with soil while certain are infesting on a living tree. The wood feeding group hold the ability to hollow out wood from within, without penetrating the surface. The least disturbance caused by human activity often resulting in increasing termite species richness, abundance and function by providing more structural and physical complexity which provides microhabitats for termites (Jones et al. 2003).


    
      [image: art]


      Figure 5:Soldier and worker of Nasutitermes spp.
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      Figure 6: Soldier of Havilanditermes spp.
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      Figure 7: Soldier head of Scheidorhinotermes spp.

    



    Table 3: Statistical analysis of Chi-square obtained for H1: Species vs Feeding groups and H2: Species vs Subfamilies


    
      
        	
          Hypothesis testing

        

        	
          Significance value

        
      


      
        	H1: Species vs Feeding groups

        	p = 0.022 < α = 0.05*
      


      
        	H2: Species vs Subfamilies

        	p = 0.000 < α = 0.05*
      

    



    Chi-square test α = 0.05; * = significantly different


    The lower percentage of soil humus feeding termite may be due to the location of the study sites which were in close proximity of water bodies (river, streams and lake). Soil feeders are said to account for more than 60% of the known termite species (Eggleton 2000). However, only three genera of Discupiditermes, Procapritermes, and Pericapritermes (Fig. 8) with four species encountered in this study (D. paramkhamensis, D. nemorosus, P. neosetiger and P. latignathus). The sampling period was done after high annual rainfall, and certain parts of the study areas may be flooded or inundated during the time. The occasional soil inundations may affect termite’s habitat and create unfavourable condition to soil termites especially the soil feeder which probably explain their low composition in this study. As reported by Collins (1979), high annual rainfall and seasonal flooding create difficulties in termites nesting and foraging. Dibog et al. (2000) also observed a significant effect of seasonal rainfall on termite diversity and abundance that decline with increasing rainfall.
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      Figure 8: Alate (a), soldier (b) and worker (c) of Procapritermes spp.

    


    Wood leaf feeding species is the termite that forages for leaf litter and small woody items litter in various stages of decay. This group includes some subterranean and other mound-building Macrotermitinae (with fungal association) (Eggleton et al. 1996). In this study, only two mounds of Macrotermitinae species were found along transect in the study location. According to Wood and Johnson (1986), Macrotermitinae and Odontotermes are known to build huge mounds of selected clay-rich subsoil. Commonly, the mound builder species are more prevalent in post clearing land-spaces such as in oil palm plantation area or along the side road. The least species composition of mound builder species such as Odontotermes may due to the area covered in the study area. This supported by Axelson and Anderson (2012) who suggested that the mounds predominantly occurred in sites with denser canopies. Canopy cover can protect the mounds from sun exposure, soil erosion due to heavy rainfall, provide microclimate conditions and ground moisture. It can be suggested that if the sampling period was prolonged and more are were covered, the chances of more termite mound builder can be found in the study location as the location are very suitable for mound builder species of termites with dense canopies and have high moisture.


    The overall species found in Samunsam Wildlife Sanctuary was relatively low compared to the number of species found in other forests areas and peat areas reported from several studies conducted in Borneo (e.g., Eggleton et al. 1997, Jones & Prasetyo 2002, Vaessen et al. 2011). A study of termite assemblages along a land use gradient on peat areas in Sarawak (Vaessen et al. 2011) had recorded the overall 20 species from four different sites which relatively higher than Samunsam Wildlife Sanctuary. However, the total number of species found in near natural peat swamp forest in their study was relatively lower than our present study with recorded to have 11 species found and relative abundance of 16 termite hit species. As our present study was not designed to determine the effect of different gradient of land use, no conclusion can be drawn from our result.


    It was expected that more termite species from Samusam Wildlife Sanctuary would found because the area is protected from any logging activities since the establishment in 1979. Back then during 1969, logging activities had been done extensively and intensively may disturb the composition of the termite especially with soil feeder termite being the most at risk to the loss of primary forest. Contrary to soil feeder termite, wood feeder termite can survive in disturb area and in some cases have better survivorship in disturb area that provide greater organic output. This shown that different feeding group of termites would give different effects to habitat disturbances as explained by previous studies (Eggleton et al. 1997, Eggleton & Tayasu, 2001).


    Conclusively from this preliminary study, Samunsam Wildlife Sanctuary harbours a minimum of 17 species of termites. This study is the first termite assemblage survey at Samunsam Wildlife Sanctuary and the results can be used as the baseline data for future survey. More extensive explorations and inventories are suggested in order to get a better representation of the entire termite composition of this area which will further relate to the species response to landscape changes in Western Sarawak.
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Order Family Genus P "(’5/33'5 5 ;g;gm*(% ) L 5"(123)‘9“
Ephemeroptera  Heptagenidae  Thalerosphyrus 39 13 0
Bastidae Baetis %7 132 86
Bastidae Platybaetis 12 05 10
Trcorythidae Tricorythus 39 21 0
Caenidae Caenis 88 36 7
Heptagenidae  Campsoneuria 39 a7 0
Leptophlebiidae  Habrophlebiodes 22 29 18
Choroterpes 0 0 06
Ephemerellidee  Criitella 0 03 0
Plecoptera Nemouridae Indonemoura 02 0 0
Perlidae Kamimuria 12 03 0
Perlidae Neoperla 188 179 0
Perlidae Phanoperta 12 03 24
Petoperlidae Cryptoperta 0 03 0
Trchoptera Ecnomidae Ecromus 15 03 0
Hydropsychidae  Cheumatopsyche 13 27 0
Hydropsychidae  Hydropsyche 105 184 0
Hydropsychidae  Macrostemum 02 05 0
Diplectrona 0 0 06
Calamoceratidae  Ganonema 15 05 0
Rhyacophiidae  Rhyacophila 02 05 18
Phiopotamidae  Chimarra 0 29 0
Lepidostomatidae ~ Lepidostoma 0 18 0
Leptoceridae Setodes 07 03 0
Oecetis 0 0 12
Odontoceridae ~ Marilia 02 06 0
Seriscostomatidae  Gumaga 0 0 48
Molannidae Molanodes 0 0 54
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Upstream Middle-stream Downstream
Parameter

Min Max Mean Min  Max  Mean  Min _ Max _ Mean
Temperature (*C) 220 263 244 219 330 285 254 335 296
pH 47 90 70 43 98 74 63 98 80
DO (mglL) 63 91 73 10 105 67 17 106 70
BOD (mglL) 0 68 14 0 126 41 0 139 37
Salinity (ppt) o 0 o0 0o 310 98 20 340 45
EC (uMHOS) 100 350 201 200 480000 170472 2100 500000 360219
TSS (mgiL) 0 700 143 0 2367 1369 0 13000 2443
Nitrite (uM) 0 12 03 0 181 16 0 196 08
Nitrate (M) 74 414 189 03 M7 99 0 306 35
Ammonia (uM) 0 18 04 0 196 22 o 18 10
Ortho-phosphate 0 23 07 0 342 42 o 82 21

(M)
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Protein Inhibitory ~ Total  Total

5 Volume Specific Purification Recovery
teps (my content actities activiesprotein  _RECLE PUECEH i
(mg/ml) (AUMmI)  (AU) (mg)

Crude 30 060 712 21360 427 118§ 100 100.0
Cellfree

supematant

Chioroform 5 098 3200 16000 3136 3265 275 749
precipitate

sample






OEBPS/Images/Art_P18.jpg
—o—Wild type
—0—ABPSL3393 mutant

0 4 8 1215202428326 4044 48 5256 6064 68 72
Time (hour)

—o—Wild type
—C—ABPSL3393 mutant

0 5 10 15 20 25
Time (hour)





