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    Abstrak: Kepelbagaian kuda laut (genus Hippocampus, Famili Syngnathidae), komposisi saiz dan perbezaan saiz berdasarkan jantina telah dikaji pada bulan November 2012 sehingga Mac 2013 di kawasan-kawasan terpilih sekitar perairan dan pasar tempatan di Kota Kinabalu, Sabah. Sebanyak enam spesies kuda laut telah dikenal pasti melalui kajian ini iaitu: (1) Hippocampus barbouri, (2) Hippocampus comes, (3) Hippocampus kelloggi, (4) Hippocampus kuda, (5) Hippocampus spinosissimus dan (6) Hippocampus trimaculatus. Kesemua enam spesies dijual di pasaran tempatan dan didapati bahawa kebanyakan kuda laut kering adalah hasil daripada tangkapan pukat tunda dan didagangkan sebagai ubat tradisional, cenderamata dan untuk kegunaan lain. Sebanyak empat spesies iaitu (1) H. barbouri, (2) H. comes, (3) H. kuda dan (4) H. spinosissimus telah ditemui menggunakan kaedah penyampelan secara terus di habitat yang berbeza sekitar perairan Kota Kinabalu. H. comes adalah yang terbesar dalam kalangan empat spesies hidup yang ditemui (min standard length [SL]: 148.25±1.26 mm), manakala H. barbouri adalah yang paling kecil (min SL: 129±7.81 mm). Bagi sampel kering, H. kelloggi adalah yang terbesar (min SL: 245.25±14.55 mm) dan H. barbouri adalah yang terkecil (min SL: 127.21±10.01 mm). Tiada perbezaan ketara (p>0.05) antara panjang jantan dan betina serta tiada perbezaan saiz berdasarkan jantina dalam setiap spesies. Sebagai kesimpulan, hasil kajian ini adalah penting bagi memberikan beberapa data asas dalam usaha pemuliharaan teleost marin yang unik ini.


    Kata kunci: Kepelbagaian Kuda Laut, Pengenalpastian Spesies, Komposisi Saiz, Perbezaan Saiz Mengikut Seksualiti, Perairan Kota Kinabalu dan Pasar Dagangan Tempatan


    Abstract: Seahorse diversity (genus Hippocampus, Family Syngnathidae), species identification, size composition and sexual dimorphism were studied from November 2012 to March 2013 in selected coastal waters around Kota Kinabalu, Sabah and the local market trade. Six species of seahorses were identified in the study: (1) Hippocampus barbouri, (2) Hippocampus comes, (3) Hippocampus kelloggi, (4) Hippocampus kuda, (5) Hippocampus spinosissimus and (6) Hippocampus trimaculatus. All six species were sold at the local market, and the dried seahorses were obtained mainly by local fishermen using trawl by-catch method and traded as traditional medicine, souvenirs and other uses. Four species were identified by direct samplings in various different habitats of Kota Kinabalu coastal waters: (1) H. barbouri, (2) H. comes, (3) H. kuda, and (4) H. spinosissimus. Based on the results, H. comes was the largest in size among the four fresh/live species found (mean standard length [SL]: 148.25±1.26 mm), whereas H. barbouri was the smallest species (mean SL: 129±7.81 mm). For the dried samples, H. kelloggi was the largest (mean SL: 245.25±14.55 mm) and H. barbouri was the smallest (mean SL: 127.21±10.01 mm). No significant difference (p>0.05) was observed between the lengths of males and females in every seahorse species, and there was no sexual size dimorphism in any of the species. The findings from the study are significant to provide baseline data for the conservation efforts of these unique marine teleost.


    Keywords: Seahorse Diversity, Species Identification, Size Composition, Sexual Dimorphism, Kota Kinabalu Coastal Waters and Local Trade Market


    INTRODUCTION


    Seahorses (Genus Hippocampus, Family Syngnathidae) are unusual and valuable for a number of reasons, including their unusual biology, unique anatomy, economic value, and conservation, as well as their ecological importance and alleged medicinal properties (Shapawi et al. 2013). They have been exploited for several reasons, including for use in traditional medicine or as ornamental fish, and they have good market value and demand, which eventually made them vulnerable to exploitation and considered threatened (Vincent 1996).


    Seahorse species populations, diversity, and distribution in Malaysia have not been adequately studied. Information on the exploitation and trade of seahorses is also deficient. Regular assessments on the population abundance, size-frequency distribution and sex ratio of any fish species can be used to track trends (increasing, equilibrium, decreasing) in the local population abundance. Furthermore, a continuous assessment in many sites provides useful information about species distributions, habitat use and the impacts of large-scale environmental disturbances (English et al. 1994; King 1995). The basic biological information compiled during seahorse population assessments might be useful as important baseline information available for use by marine biologists to evaluate the impacts of a planned or unexpected disturbance event on the local seahorse community. The density, size distribution, sex ratio and reproductive activity of a species can give insight into the life history and responses to disturbance. The structure of a population can also be used to estimate life history parameters, such as growth, survival and reproductive rates (King 1995). The present study investigated the diversity, size composition and sexual size dimorphism of Hippocampus spp. found in Kota Kinabalu, Sabah.


    MATERIALS AND METHODS


    Collection of Specimens and Surveys


    Samplings and surveys were carried out from November 2012 to March 2013 in seven selected study areas for fresh/live samples: (1) Dinawan Island, (2) Layangan Island, (3) Sepanggar Island, (4) Universiti Malaysia Sabah (UMS) Jetty, (5) Kampung Kibagu, (6) Gaya Island and (7) Tanjung Aru. Meanwhile, the dried samples obtained from the local market were mostly caught by the local fishermen from Gaya Island and Tanjung Aru. Live seahorses were collected by direct samplings performed through roving snorkelling or scuba diving at the sampling sites (Fig. 1). Some specimens were purchased from fishers who used a variety of fishing gear, such as trawlers, seine nets, trammel nets, portable traps, purse seines, cast nets and scoop nets, or they were hand-picked. Fresh or recently dead seahorses that were either obtained from the fisherman or caught during direct sampling were immediately preserved in a jar with 10% of formalin solution for further species identification purposes. For the dried samples, a market survey was conducted in the Salted Fish Market, Kota Kinabalu, Sabah. Interviews, together with a set of questionnaires, were used as instruments to gather information from the respondents (mainly the sellers) on catch methods, trade routes, origins, price, commercial value and uses. The dried seahorses were also borrowed from the sellers and visually identified to the species level.
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      Figure 1: Map of coastal areas of Kota Kinabalu. The red dots indicate the sampling sites for the seahorse survey.

    


    Species, Sex and Standard Length Identification


    All of the fresh/live and dried specimens collected were photographed, identified to species level and sexed, and the standard length (SL) measurements (sum of head length, trunk length and tail length) were recorded according to the standards provided by Lourie et al. (2004) (Fig. 2). All of the measurements were taken to the nearest millimetre (0.1 mm), and the meristic count was also used. The sexes were distinguished externally based on the presence or absence of a brood pouch on adult seahorses. The mean SL were calculated for all of the collected males and females of each Hippocampus spp.
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      Figure 2: Photographic atlas of dried seahorses: (a) H. kelloggi; (b) H. kuda; (c) H. barbouri (bleached specimen); (d) Hippocampus borboniensis; (e) H. spinosissimus; (f) Hippocampus subelongatus; (g) H. comes; (h) Hippocampus coronatus; (i) Hippocampus algiricus; (j) H. barbouri; (k) H. trimaculatus; (l) Hippocampus zosterae (specimen has a damaged brood pouch).


      Source: Lourie et al. 2004

    


    Statistical Analysis


    A two-sample t-test was applied to compare the length differences between the two sexes in every collected seahorse species. The significance differences were tested at a 95% confidence interval.


    RESULTS


    The data were obtained from 11 interviews with sellers from the local market, a total of 315 dried seahorses (154 males and 161 females) that were borrowed and 18 fresh/live seahorses (10 males and 8 females) that were collected: 12 samples purchased from local fishers and 6 samples caught during direct samplings (Fig. 3). The seahorses were only found in three sampling stations: UMS Jetty, Gaya Island and Tanjung Aru (Table 1). Ten individuals of H. barbouri were found mainly in the outer fringes of the estuary of Gaya Island and Tanjung Aru, and one individual was obtained during sampling at the UMS Jetty at depths between 7 and 10 m. Meanwhile, all four individuals of H. comes were obtained from under the UMS Jetty and caught between 5 and 8 m through several diving trips. Two females of H. spinosissimus were found in a shallow reef flat at Tanjung Aru, with depths ranging between 8 and 10 m, according to the fisher’s memory. One female H. kuda was obtained around the UMS Jetty’s surroundings (approximately 1–3 m) during a direct sampling.


    Table 1: Species composition and sexes of fresh/live and dried seahorse samples found in coastal waters and the local market of Kota Kinabalu.
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    Species Composition


    Six species of seahorses were identified around the coastal waters and local market of Kota Kinabalu: H. barbouri, H. comes, H. kelloggi, H. kuda, H. spinosissimus and H. rimaculatus. The different species had unique and distinctive characteristics that differentiated them from one another based on the morphological identification of the fresh/live samples. All six species were identified in the borrowed dried samples. However, only four species were identified in the fresh/live samples: H. barbouri, H. comes, H. kuda and H. spinosissimus. H. barbouri was the most abundant species among all of the fresh/live samples, with 61% species composition. H. spinosissimus comprised 35% of the total species composition among the dried specimens, representing the most heavily exploited species. This was followed by H. barbouri (24.8%), H. comes (16.5%), H. trimaculatus (11.8%), H. kelloggi (7.6%) and H. kuda (4.4%). The small percentages of H. kelloggi and H. kuda in the collections suggested that there were relatively few of them in the wild (Table 1).


    Size Composition and Sexual Size Dimorphism


    For the fresh/live samples, H. comes was the largest among the four species, with a mean SL reaching 148.25±1.26 mm, whereas H. barbouri was the smallest species, with a mean SL of 129±7.81 mm. The length between the two sexes in H. comes and H. barbouri were similar and showed no sexual dimorphism in either species. Meanwhile, the length differences between males and females of H. spinosissimus and H. kuda could not be determined because only female specimens were available (Table 2).


    Table 2: Morphological analysis of fresh/live seahorse species found in Kota Kinabalu.
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    Note: NA - not available


    For the dried samples, H. kelloggi was the largest, with an overall mean SL of 245.25±14.55 mm, and H. barbouri was the smallest, with an overall mean SL of 127.21±10.01 mm. H. kelloggi was the largest among the six species, with the mean SL for males and females reaching 240.57±15.88 mm (standard deviation [SD]) and 244.60±12.91 mm (SD), respectively. H. barbouri was the smallest, with a male mean SL of 125.21±10.51 mm (SD) and a female mean SL of 129.53±9.00 mm (SD). The second largest species was H. trimaculatus, with the mean SL for males and females reaching 171.33±12.78 mm (SD) and 167.50±10.51 mm (SD), respectively, followed by H. kuda, with the mean SL for males and females reaching 163.89±12.19 mm (SD) and 164.00±15.39 mm (SD), respectively. Meanwhile, the mean SL of H. comes was 147.90±13.47 mm (SD) for males and 145.66±11.80 mm (SD) for females. Lastly, the mean SL of male and female H. spinosissimus were 141.06±9.03 mm and 138.81±7.71 mm, respectively. There were no significance differences between the length of males and females in every seahorse species (p>0.05); therefore, the results showed no sexual size dimorphism in any of the species (Table 3).


    Table 3: Sizes of male (m) and female (f) dried seahorse of various species sold at Kota Kinabalu Salted Fish Market.


    
      
        	Species

        	
          Sex

        

        	
          Mean SL ±SD (mm)

        

        	
          N

        

        	
          tCritical two-tail

        

        	
          P95% confidence limit Sig. (two-tailed)

        
      


      
        	H. spinosissimus

        	
          m

        

        	
          141.06±9.03

        

        	
          48

        

        	
          1.986

        

        	
          0.170

        
      


      
        	

        	
          f

        

        	
          138.81±7.71

        

        	
          62

        
      


      
        	H. barbouri

        	
          m

        

        	
          125.21±10.51

        

        	
          42

        

        	
          1.992

        

        	
          0.055

        
      


      
        	

        	
          f

        

        	
          129.53±9.00

        

        	
          36

        
      


      
        	H. comes

        	m

        	
          147.90±13.47

        

        	
          20

        

        	
          2.028

        

        	
          0.544

        
      


      
        	

        	
          f

        

        	
          145.66±11.80

        

        	
          32

        
      


      
        	H. trimaculatus

        	
          m

        

        	
          171.33±12.78

        

        	
          21

        

        	
          2.030

        

        	
          0.324

        
      


      
        	

        	
          f

        

        	
          167.50±10.51

        

        	
          16

        
      


      
        	H. kelloggi

        	
          m

        

        	
          240.57±15.88

        

        	
          14

        

        	
          2.074

        

        	
          0.501

        
      


      
        	

        	
          f

        

        	
          244.60±12.91

        

        	
          10

        
      


      
        	H. kuda

        	
          m

        

        	
          163.89±12.19

        

        	
          9

        

        	
          2.365

        

        	
          0.989

        
      


      
        	

        	
          f

        

        	
          164.00±15.39

        

        	
          5

        
      

    


    Market Survey


    A total of 11 respondents provided information on the catch methods, trade routes, origins, price, commercial value and uses of the local dried seahorses (Table 4). The dried seahorses were mostly obtained from the fishery by-catches and sold locally with a price up to RM100 per pair of seahorses, depending on the size and other physical attributes (e.g., colour). Approximately 80% of the respondents stated that dried seahorses sold in the market were originated locally, and 20% of the respondents referred to them as imported seahorses from neighbouring countries, such as the Philippines and Indonesia.


    DISCUSSION


    The seahorse species compositions in the coastal waters of Kota Kinabalu were consistent with the species previously reported in Peninsular Malaysia (Choo & Liew 2003), as well as in East Malaysia (Choo & Liew 2004). Moreover, the species were also similar to those in neighbouring countries. For example, two species found in this study (H. spinosissimus and H. kuda) were documented in the waters of Vietnam, the Philippines and Indonesia (Lourie et al. 2004), as well as in the waters around Thailand (Natheewatana et al. 1993). Lourie et al. (2004) suggested that H. kuda was the most dominant species in the Indo-Pacific basin. In the present study, the species was not encountered often in either the field or market surveys, which might indicate fishing pressure on the species.
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      Figure 3: The photographs of identified live specimens: (a) male H. barbouri; (b) female H. barbouri; (c) male H. comes; (d) female H. comes; (e) female H. spinosissimus; (e) female H. kuda.

    


    Ten species of the subfamily Hippocampinae were previously recorded in Malaysia, and all 10 of the confirmed species were also reported in Sabah (Lim et al. 2011; Choo & Liew 2004). Sabah waters have a relatively high diversity of seahorse species and contain almost all of the seahorse species in Southeast Asia, including pygmy seahorses, excluding only Hippocampus mohnikei (Lourie et al. 2004). Pygmy seahorses (e.g., Hippocampus bargibanti, Hippocampus denise and Hippocampus satomiae) were only spotted on the east side of Sabah around Semporna Islands (Lim et al. 2011). Faleiro and Narciso (2011) reported that, given the lack of sexual dimorphism in seahorse length, size-assortative mating can be advantageous and optimise the reproductive potential of seahorse couples. In Hippocampus erectus, males exhibited longer SL, shorter trunks with isometric growth, and longer tails with positively allometric growth. However, females demonstrated positive allometric growth of the trunk length and isometric tail length. There was no observed dimorphism in the weight-length relationship of this species (Andersen 2012).


    The species distribution of seahorses was strongly dependent on habitat availability. Sabah has a rich marine biodiversity and complex coastal geomorphology (Lim et al. 2011) and offers a wide range of habitat types, which could explain the richness of seahorse diversity in Sabah when compared to other parts of Malaysia. There was a clear habitat separation for most species, and these habitats were generally consistent with those stated in Lourie et al. (2004). Interestingly, this study did not find any seahorses in the coral reef ecosystems at Layangan Island and Dinawan Island, which were dominated by scleractinian corals harbouring diverse fish species. In fact, they were often found in cryptic habitats, such as seaweeds and gorgonian corals. Food competition and predation could be the major causes that led seahorses to avoid inhabiting the scleractinian zone, because many coral reef fishes were either fast-swimming plankton eaters or piscivores. In addition, the feeding habits of many seahorse species, as slow-moving ambush predators, might be most successful in cryptic habitats. This study provided some inferences as to the distribution of seahorse species in areas not covered by this particular survey, which would be useful for further investigation and for management and conservation purposes.


    H. barbouri could be found in waters off most of the islands and in shallow bays or lagoons in Sabah, because Halimeda sp. seaweed (their associated substrate) is likely to thrive in such areas (Choo & Liew 2004). In contrast, H. comes could be widespread in the shallow reef along Sabah coastlines and islands (Choo & Liew 2004), but fish bombing, which is practised in some areas, could severely impact the whole population of this species, which is known to be extremely site-faithful (Perante et al. 2002). In addition, H. kuda was extant in Sepanggar Island in the past, where there used to be abundant tropical eelgrass (Choo & Liew 2004). However, there were none found in the areas, most likely because the seagrass beds were heavily perturbed by boat activities, fish bombing, netting, and dredging for land reclamation. Therefore, H. kuda populations that previously existed are probably severely decimated. Labuan Island and several estuaries on the northeast of Sabah, and perhaps the estuaries in Sarawak, might harbour populations of H. kuda. Therefore, future work should aim at investigating these areas, with more sampling frequency at different sampling sites.


    Currently, 38 species of seahorses worldwide are listed in the 2012 International Union for Conservation of Nature (IUCN) Red List of Threatened Species (IUCN 2012). The six seahorse species found during the present study are all listed as vulnerable on the 2012 IUCN Red List. The current overexploitation of seahorses is largely due to the market demand for traditional Chinese medicine (TCM) or traditional medicine (jamu and folk medicine), souvenirs and other activities, as proven by the market survey data from the findings. Any Hippocampus sp. that are available are traded as TCM, jamu and folk medicine and believed to be the highest in medicinal value and the most valuable for the trade among other syngnathids, such as pipefishes (Vincent 1996). Indeed, Malaysia is touted as an important supplier of seahorses (Perry et al. 2010), together with pipefishes and pipehorses (Martin-Smith et al. 2003).


    Given the increasing anthropogenic threats to the Malaysian ichthyofauna (Chong et al. 2010), integrated coastal or ecosystem-based management seems more urgent than ever to help conserve the local seahorses and fishery resources in general. Two species of seahorses from the study (H. barbouri and H. spinosissimus) were found to inhabit macroalgae at some distance from Marine Park Islands, such as Tunku Abdul Rahman Park. Thus, it appears that with good enforcement, Marine Protected Areas can play a vital role in protecting some species of seahorses and their habitats. Moreover, mangrove areas, coral reefs and seagrass beds in estuaries act as sanctuaries for some seahorse species and must be protected and managed wherever possible. These are the prime habitats for many seahorse species, so the loss and degradation will affect the fish. Additionally, undeveloped areas that support remnant seahorse populations should be preserved. Artificial reefs are also likely shelters for seahorses, as divers have reported them in concrete and tyre manmade reefs (Choo & Liew 2005). When established near gorgonian beds, artificial reefs could also boost seahorse populations and repel local extinction. In addition, culturing seahorses is also an option to reduce the pressure on wild seahorses. The demand for seahorses cannot be met by harvesting the wild stock; as a result, it is important to establish a seahorse farm (Vincent 1996).


    Table 4: Responses from the local market survey.


    
      
        	Topic

        	Information
      


      
        	Catch methods

        	
          1. Trapped by trawlers


          2. Landed as by-catch


          3. Dragged in by beach seine nets or disentangled from their holdfasts on gill nets


          4. Caught by hand (diving) and others by push-nets or scoop nets

        
      


      
        	Trade routes

        	
          1. Sold to tourists


          2. Exported to wholesalers from Peninsular Malaysia

        
      


      
        	Origins

        	
          1. Kota Kinabalu, Kudat, Semporna, Sandakan, Kota Belud and Kinarut (Malaysia)


          2. Sulu Sea, Philippines


          3. Indonesia

        
      


      
        	Price

        	Dried: single (RM15 to RM35), by pair (RM25 to RM95)
      


      
        	Commercial value

        	The commercial values of the seahorses depended on the size and condition. Larger and coloured seahorses were sold at higher prices than smaller and bleached seahorses.
      


      
        	Uses

        	
          1. TCM application


          2. Malay traditional and folk medicine


          3. Souvenirs (decorative items)


          4. Local traditional magical belief items (folklore beliefs)

        
      

    


    CONCLUSION


    In summary, six species of seahorses were identified around the selected coastal waters and local market of Kota Kinabalu, and these species were also found in other parts of Malaysia. All six species were traded as dried seahorses in the market and used for various purposes. H. kelloggi was the largest among the six species, and H. barbouri was the smallest. There was no significant difference in the lengths between the males and females in every species, and no sexual size dimorphism was detected in any of the species. In conclusion, the findings from this study are significant to support seahorse conservation efforts.
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    Abstrak: Suatu ekstrak ubatan tradisional Thai daripada Cassia siamea telah dinilai menggunakan sifat-sifat larvisidnya dengan menentukan kepekatan maut median (LC50) pada jam 24, 48, 72 dan 96 terhadap larva instar keempat Culex quinquefasciatus, yang merupakan pembawa jangkitan tungau, dengan mengkaji perubahan histopatologikal. Nilai LC50 pada jam 24, 48, 72 dan 96 ialah 394.29, 350.24, 319.17 and 272.42 ppm, masing-masing. Lesi histopatologikal selepas pendedahan kepada 25% daripada 24-h LC50 telah diperhatikan terutamanya diusus tengah larva. Lesi dengan edema, pembengkakan, dan pencacatan ataupun pemanjangan sel epitilial telah diperhatikan. Selain itu, sel-sel yang protrud ke dalam lumen dan ketiadaan mikrovili juga diperhatikan pada sesetengah kawasan. Kajian ini menunjukkan bahawa ekstrak akueus daun C. siamea mempunyai sifat-sifat biopestisid semulajadi.


    Kata kunci: Biopestisid, Cassia siamea, Culex quinquefasciatus, Histopatologi, Daun, Nyamuk


    Abstract: A traditional Thai medicinal extract from Cassia siamea was evaluated with respect to its larvicidal properties by determining the median lethal concentration (LC50) at 24, 48, 72 and 96 h against the fourth instar larvae of Culex quinquefasciatus, which is a carrier of mosquito-borne diseases, by studying the histopathological alterations. The 24, 48, 72 and 96 h LC50 values were 394.29, 350.24, 319.17 and 272.42 ppm, respectively. The histopathological lesions after exposure to 25% of the 24-h LC50 were observed primarily in the midgut of the larva. Lesions with edema, swelling, and deformation or elongation of the epithelial cells were observed. Moreover, cells protruding into the lumen and absent microvilli were also found in some areas. The present study reveals that aqueous C. siamea leaf extracts have natural biopesticide properties.


    Keywords: Biopesticide, Cassia siamea, Culex quinquefasciatus, Histopathology, Leaf, Mosquito


    INTRODUCTION


    Culex quinquefasciatus from the family Culicidae is commonly known as the southern house or brown mosquito and is a vector of many microorganisms including the St. Louis encephalitis virus (Hardy et al. 1984), the West Nile virus (Zinser et al. 2004), the Japanese encephalitis virus (Nitatpattana et al. 2005), yellow fever (WHO 2006), avian malaria (Reiter & Lapointe 2009), dengue (Calderón-Arguedas et al. 2009) and lymphatic filariasis (Aigbodion et al. 2011). Adult C. quinquefasciatus can be recognised by its body length and brown colour; moreover, the length of six morphological characters, namely, the wing, antenna, proboscis, foreleg, mid leg and hind leg, have been reported by Adeleke et al. (2008). Additionally, Acharya et al. (2013) reported eight morphological characteristics: the siphon length, width and index; the saddle length, width and index; and the numbers of comb scales and pectin teeth. The life cycle is completed within seven days by passing through the egg, larva, pupa and adult stages.


    The most effective prevention of mosquito borne diseases is achieved by reducing the mosquito population in any of the various life cycle stages, such as through the use of ovicidal, larvicidal, pupicidal and adulticidal substances. Currently, problems caused by the usage of chemical insecticides have been reported with respect to the persistence and accumulation of non-biodegradable chemicals in the environment, the biological magnification through the food chain, the development of insecticide resistance and the toxic effect to human health and to non-target organisms (Rawani et al. 2009). Many studies into plant or herb extracts targeted at mosquito stages have been conducted in many countries around the world. The larvicidal activity against C. quinquefasciatus has been extracted from plants: Derris indica from the Fabaceae family in Bangladesh (Mondal et al. 2011), Rosmarinus officinalis from the Lamiaceae family in China (Yu et al. 2013), Rauvolfia serpentina from the Apocynaceae family in India (Das & Chandra 2012), Vernonia adoensis from the Asteraceae family in Kenya (Swamy et al. 2014), Azadirachta indica from the Meliaceae family and Citrus sinensis from the Rutaceae family in Nigeria (Allison et al. 2013), Melia azedarach from the Meliaceae family in Pakistan (Ilahi et al. 2012), Moringa oleifera from Moringaceae family in Tanzania (Nkya et al. 2014), Murraya paniculata from the Rutaceae family in Thailand (Kjanijou et al. 2012), and Euphorbiaceae, Verbenaceae and Meliaceae in West Africa (Azokou et al. 2013).


    Cassia siamea from the family Fabaceae has been widely used as a “traditional medicinal plant” in Asia and in southeast Asia including Thailand. C. siamea is commonly known by regional names such as: mezali (Burmese), tie dao mu (Chinese), kassod tree (English), robles (Filipino), bois perdrix (French), minjri, manje-konna (Hindi), bujuk dulang johar (Indonesian), angkanh (Khmer), sino-tibetan (Lao), sebusok, guah jitam, juah (Malay), manjakonna (Malayalam), kassod (Marathi), cassia (Nepali), amarillo (Spanish), manjal konrai (Tamil), sima tangedu, kurumbi (Telugu), khilek (Thai), humbo, muoofng xieem (Vietnamese) (Orwa et al. 2009; Singh et al. 2013).


    The young fruit, leaf and flower are eaten as vegetables and are also used in a popular curry called Khilek in Thailand (Teangpook et al. 2012). The stem bark is traditionally used for anti-plasmodium treatments (Ajaiyeoba et al. 2008), analgesia, anti-inflammation and the treatment of associated diseases, such as fevers and jaundice (Nsonde Ntandou et al. 2010). The leaf has antidiabetic and anti-lipemic effects (Kumar et al. 2010), an anti-proliferative effect (Esakkirajan et al. 2014) and antibacterial activity (Majji et al. 2013). Furthermore, the flower and root have antioxidant activity (Deshpande et al. 2013). A histological analysis after biopesticide exposure has not been performed. The present study was conducted to evaluate the mosquito larvicidal properties of a C. siamea leaf aqueous extract against C. quinquefasciatus as a target species. The susceptibility of C. siamea was evaluated using the median lethal concentration and a histological analysis.


    MATERIALS AND METHODS


    Plant Collection and Extraction


    Fresh, mature, green C. siamea leaves were randomly harvested in and around Nakhonpathom Province in the central part of Thailand (13° 45′ 13″ N, 100° 19′ 19″ E). The voucher specimen was numbered and saved in the Faculty of Science, Mahidol University for further reference. The leaves were initially rinsed with distilled water, air dried, and crushed using a mixer-grinder machine. One hundred grams of leaf powder was extracted with 100 ml of distilled water on shaker at 180 rpm for 1 h; the solution was then centrifuged at 4000 rpm for 10 min, the supernatant was filtered using Whatman no. 1 filter paper, and the clear filtrate was used as a stock solution for the bioassay experiments. Required concentrations (0, 60, 120, 240, 480 and 960 ppm) were prepared by mixing the stock extract with various amounts of sterilised distilled water.


    Mosquito Larvae Collection


    The fourth instar larvae were collected surrounding the Phayathai campus of Mahidol University in Bangkok, which is the capital city of Thailand (13° 45′ 51″ N, 100° 31′ 32″ E), and were transferred into a glass beaker containing distilled water. The larvae were sorted and identified as C. quinquefasciatus larvae.


    Larval Bioassay Procedure


    The larval bioassay was performed using a standard protocol described by the World Health Organization (WHO 1996). The bioassay was repeated three times. Twenty larvae were transferred to beakers containing 100 ml of distilled water and 5 concentrations of leaf extract. The bioassay was maintained at 27±1°C throughout the test. The larval mortality was recorded for a maximum of 96 h of exposure. Larvae were considered dead or moribund if they stopped moving for a prolonged period even after gentle probing with a small spatula. The median lethal concentration (LC50) was analysed using the probit method described by Finney (1971) using the Statistical Package for the Social Sciences (SPSS) 18.0. The lethal concentration and the slope of the regression line with its confidence interval (p<0.05) were determined.


    Specimen Preparation for Light Microscopic Study


    For the histological test, 20 larvae were exposed to 25% of the 24-h LC50 for 24 h. Only live larvae were examined. The light microscopy procedures were performed following the methods of Kjanijou et al. (2012) and Pavananundt et al. (2013). Briefly, the larvae were fixed in 10% buffered formaldehyde for 24 h, dehydrated through a graded series of ethanol and cleared with xylene solutions. The larvae were embedded in a block using melted paraffin at the embedding station. The paraffin blocks were sectioned at a 5-µm thickness using a rotary microtome and were stained using haematoxylin and eosin. The glass slides were examined for abnormalities using the Olympus CX31 (Bangkok) light microscope and photographed using a Canon EOS 1100D (Bangkok) digital camera.


    RESULTS


    The larvicidal properties of the aqueous leaf extract of C. siamea against C. quinquefasciatus larvae are presented in Table 1. The result of the probit analysis at a 95% confidence level showed that the LC50 and LC90 values gradually decreased with the exposure time from 24 to 96 h. A dose dependent mortality was also observed as the rate of mortality (Y) was positively correlated with the concentration (X) of the leaf extract as demonstrated by the established regression equations. The correlation (R2) between the concentration and the mortality were observed to range from 0.7667 to 0.8894.


    Table 1: Efficiency of C. siamea leaf extract on C. quinquefasciatus larval mortality (n=20).


    [image: art]


    The gross morphology of normal healthy C. quinquefasciatus larvae is shown in Figure 1 and is divided into three body regions: head, thorax and abdomen. The head has the antennae, eyes and mouthparts. The antennae are located on each side of the head towards the front. Behind the antennae and near the hind margin of the head are the dark black eyes. The mouthparts are on the underside of the head and consist of a series of numerous brushes, which have long filaments that are used for filtering materials (Fig. 1[a]). The thorax is broader than the head or abdomen and somewhat flattened. The thorax has several groups of hairs (Fig. 1[b]). The abdomen is long and cylindrical and consists of eight segments (Fig. 1[c]), the siphon and the saddle. Each segment has a unique setae pattern. The saddle (Fig. 1[d]) is barrel shaped and is located on the ventral side of the abdomen with four long anal papillae or anal gills protruding from the posterior end. The siphon (Fig. 1[e]) is on the dorsal side of the abdomen, and in C. quinquefasciatus, the siphon is four times longer than it is wide, having multiple setae tufts.
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      Figure 1: a) Light micrograph of a fresh, whole C. quinquefasciatus larva showing the composition of three body regions: (b) head; (c) thorax; (d) abdomen; (e) saddle; (f) siphon.

    


    In the control group, the midgut epithelium consisted of a single layer of digestive cells that exhibited a well-developed brush border or microvilli and a cytoplasm with acidophilic regions (Fig. 2[a] and [b]). The histopathological lesions after exposure to C. siamea at 25% of 24-h LC50 were observed primarily in the midgut of larva. Lesions with edema, swelling, deformation or elongation of the epithelial cells were observed. Additionally, there were vesicles in the cytoplasm of the epithelial cells (Fig. 2[c]). Moreover, cells protruding into the lumen, blebbing cells and absent microvilli were also observed (Fig. 2[d]). Hyperplasia of the epithelial cells was found in some areas (Fig. 2[e] and [f]).
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      Figure 2: Histology of the C. quinquefasciatus larvae in (a) the control group showing the head, the thorax and the abdominal parts and (b) a greater magnification of the midgut. The treated group showing several lesions i.e., (c) vesicles in the cytoplasm of the epithelial cell, (d) blebbing cells, and (e and f) hyperplasia of the epithelial cells.


      Note: EC – epithelial cell; M – muscle

    


    DISCUSSION


    The larvicidal properties of different plants have been reported in terms of lethal concentrations for 50% mortality. This study has shown the potential of this plant for use in the control of C. quinquefasciatus larvae. The present LC50 values at 24, 48, 72 and 96 h of C. siamea exposure against C. quinquefasciatus larvae were 394.29, 350.24, 319.17 and 272.42 ppm, respectively. The larval mortality was greater at the 24th h and continued to increase to the 96th h. The resulting larvicidal activity of this leaf extract was also comparable with earlier reports. Kamaraj et al. (2011) reported the LC50 and LC90 of a C. siamea leaf methanol extract against C. quinquefasciatus larva were 46.61 and 223.38 ppm, respectively. The methanol solvent was a more effective extraction compared with water as a solvent in the present study. The use of an alternative solvent, such as water, has increased due to environmental, health and safety awareness; moreover, the cost and economics are also a concern (Wang & Weller 2006). Nagappan (2012) reported that the LC50 and LC90 of a Cassia didymobotrya leaf aqueous extract against C. quinquefasciatus 4th instar larvae were 82.65 and 213.42 mg/l, respectively. Amerasan et al. (2012) reported the LC50 of Cassia tora leaf hexane, chloroform, benzene, acetone and methanol extracts against adult C. quinquefasciatus were 338.81, 315.73, 296.13, 279.23 and 261.03 ppm, respectively. Kumar et al. (2014) reported the LC50 of Cassia occidentalis leaf petroleum ether and butanol extract against C. quinquefasciatus 3rd instar larvae were 98.4 and 161.6 µg/ml, respectively.


    A number of compounds, such as barakol (Deachapunya et al. 2005), flavonoid (Bhadauria & Singh 2001), anthraquinone glycosides and bianthraquinone (Koyama et al. 2001), alkaloid, phlobatannin and saponin (Alli Smith 2009), and cassiarin and cassibiphenol (Deguchi et al. 2014) have been isolated from C. siamea. Another plant from the same genus, C. didymobotrya, has been reported to exhibit larvicidal activity against C. quinquefasciatus in Ethiopia (Nagappan 2012), Cassia fistula against Culex tritaeniorhynchus in India (Govindarajan et al. 2011), Cassia nigricans against mosquito and white flies in West Africa (Georges et al. 2008). Therefore, the previous statement may indicate that the demonstrated larvicidal activity of C. siamea may also be due to presence of flavonoids, phenols, glycosides and tannins, which is in agreement with Kumar et al. (2014).


    In this study, histopathological alterations were observed in the midgut including edema, swelling, and the deformation or elongation of epithelial cells. Moreover, cells protruding into the lumen and absent microvilli were also found in some areas. These observations are in agreement with previous reports (Kjanijou et al. 2012; Pavananundt et al. 2013). Moreover, Hamouda et al. (1996) reported the effect of Artemisia judaica on the midgut of Culex pipiens by demonstrating that vacuolated epithelial cell, swollen cells and debris cells appeared in the lumen, and finally, the epithelium lost its normal appearance. Almehmadi and Alkhalaf (2010) analysed the histological effects of Melia azedarach extract on C. quinquefasciatus, which included the separation of the epithelial cells from the basement membrane, swelling of the apical portion of the gut, protruding cells, cell detachment and vacuolated cytoplasm. Several reports suggested that the larvicidal substances led to morphological damage in the epithelial cells of the midgut, which is likely where these substances are absorbed. Regardless of the type of substance used, the similarity of the detrimental changes in the organism indicates that these alterations are a common response to cellular toxicity.


    In conclusion, the aqueous extract of C. siamea can be recommended in field areas and can be effectively used as a natural larvicidal product in a mosquito control program. However, further studies are needed to determine the active substances and how these substances function and the mechanism of action in the target species.
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    Abstrak: Kajian kesesuaian habitat (KS) sangat diperlukan apabila habitat haiwan telah diubahsuai atau haiwan berhijrah ke habitat yang sangat berbeza daripada habitat asli mereka. Kajian ini dijalankan untuk menaksir KS dan mengabungkan sistem maklumat geografi untuk Rattus norvegicus di kawasan perbandaran yang sangat membangun. Menggunakan data daripada pasar Campbell dan kuarters polis di George Town, Malaysia, kawasan rayau (kaedah 100% Minimum Convex Polygon [MCP], 95% MCP dan 95% Harmonic Mean [HM]) dianggarkan. Kawasan rayau tikus jantan di pasar Campbell mencapai asimptot pada 96 isyarat radio dengan sedikit peningkatan (kawasan rayau = 133.52 m2; titik pusat = 29.39 m2). Tikus betina mencapai asimptot pada 62 isyarat radio (kawasan rayau = 13.38 m2; titik pusat = 9.17 m2). Di pasar Campbell, tikus jantan muncul pada jam 1900 setiap hari manakala betina muncul pada jam 2000 tetapi di kuarters polis, masa kebiasaan kemunculan untuk jantan adalah pada jam 2000 dan betina pada jam 2200. Carta raster R. norvegicus menunjukkan titik tumpuan tikus boleh dikategorikan kepada 4 zon (pasar, rumah kedai, kediaman dan kawasan tumpuan awam). Carta raster yang diseragamkan memisahkan kawasan utama titik tumpuan tikus ialah di pasar dengan frekuensi tikus tertinggi iaitu 225. Semua analisis kesesuaian habitat termasuk kawasan dibangunkan, kawasan tong sampah, sumber air dan tapak semulajadi dalam kajian ini mempamerkan corak berstruktur (peningkatan atau penurunan monotonik) kesesuaian habitat.


    Kata kunci: Asimptot, Algoritma, Isyarat, Raster, Monotonik, Perangkap Dauda Taofik Oyedele et al.


    Abstract: Studies of habitat suitability (HS) are essential when animals’ habitats have been altered or when animals migrate to a habitat different from their natural habitat. This study assessed HS and used an integrated geographic information system in the assessment of Rattus norvegicus in a highly developed urban environment. Using data from the Campbell market and the police quarters of George Town, Malaysia, home range (through the use of 100% Minimum Convex Polygon [MCP], 95% MCP and 95% Harmonic Mean [HM]) was estimated. Home range for male rats at Campbell market reached an asymptote, with a slight increase, at 96 radio fixes (home range = 133.52 m2; core area = 29.39 m2). Female rats reached an asymptote at 62 radio fixes (home range = 13.38 m2; core area = 9.17 m2). At Campbell market, male rats emerged at 1900 hours every day, whereas females emerged at 2000 hours; at police quarters, the most common time of emergence for males was 2000 hours and for females was 2200. Raster charts of R. norvegicus showed that rat hot spots can be grouped into 4 zones (market, shop houses, settlement and general places). The standardised raster chart isolated the market as the major rallying points of the rats (hot spots) by producing the highest rats frequencies of 255. All of the habitat suitability thresholds, including the built-up points, skip bins, water source and nature of the site explored in this study, produced a structural pattern (monotonic increase or decrease) of habitat suitability.


    Keywords: Asymptote, Algorithm, Fixes, Raster, Monotonic, Trap


    INTRODUCTION


    Rodent control has become necessary because increasing populations of rodents have consequently led to vast increases in the economic importance of these animals (Traweger & Slotta-Backmayr 2005). Rats have, however, proven useful as laboratory models for physiological and genetic studies (Wang et al. 2011). Globally, the current and prominent strategies used in rodent control and management are the use of traps and rodenticides (Trawerger et al. 2006; Van Adrichem et al. 2013). These strategies have been used for decades (Bell et al. 2011; Belmain et al. 2013; Van Adrichem et al. 2013); hence, they are gradually becoming ineffective because rodents are developing ways to evade these strategies (Roomaney et al. 2012). There is therefore a growing need for an all-encompassing or integrated rodent control strategy such as has been advocated round the globe (Frantz 1988; Frantz & Davis 1991; Spragins 2002). A preliminary survey of the rat population in an urban centre clearly established a stable rat population in distinctive colonies that do not mingle with other colonies, similar to results obtained in cities worldwide (Yasuma & Andau 1999; Wood 2006; Patergnani et al. 2010). Normally, home range and movements of city rats are smaller than for rats living in natural habitat but can provide useful information for the all-encompassing approach to a rodent control strategy. The city can provide suitable habitat conditions, where the rats can obtain all the resources needed without being required to linger far from their nest/source. Modifications in the urban landscape also restrict the rats’ movements to different places (Dickman & Doncaster 1987). Few or none of these studies, however, have integrated the application of Geographical Information System (GIS) into home range studies of the rat. Knowledge regarding the home range of this commensal rat in urban areas is necessary, as it enhances our expertise in the control and management of the population and provides the basis for integrative pest management.


    The aim of using GIS was to gain information concerning the potential distribution of Rattus norvegicus within this zone (developed urban environment) relative to the spatial positions of the rats. In addition, GIS will help to ease the researcher’s effort in searching, analysing and presenting the data map. Thus, GIS provides powerful automated tools for an integrated rodent control strategy and can enhance an ecological understanding of this animal in a developed urban environment. The objective of this study was therefore to measure the movement and the home range size of R. norvegicus in the Campbell market and in areas of human settlement in the developed urban environment and to establish a GIS distribution map of R. norvegicus in relation to the different habitats. This study also aimed to develop an integrated habitat suitability map using GIS.


    MATERIALS AND METHODS


    This study was conducted in George Town, Malaysia, using both Campbell market (Site 1) and the police quarters (Site 2). Campbell market, built in 1947, is a wet market for chicken, duck, pork, and fish, as well as others aquatic species, and it covers an area of 5000 m2. The market usually commences as early as 6:00 to 7:00 a.m., when the market becomes busy with human activities. The police quarters, on the other hand, was built in 1986 and covers an area of 20,000 m2. The police quarters are composed of four blocks in the housing area with facilities including a ‘surau’ (small mosque), kindergarten and a badminton court. Using the Kenward (2001) method, home range measurements for the rats and rat activities (time of leaving and returning to the nest) were recorded for two months (March to April 2008) including six days of intensive radio-tracking during which the mean movements of the rats were recorded every hour (2–4 rats/tracking). These two months were found (in a preliminary study) to be the most suitable periods (peak activity) for study of the animals. For accuracy of the transmitter in the study area, a TR-4 transmitter radio (Sirtrack Limited, New Zealand) was used to ensure frequency and range accuracy, which was boosted with a Yagi antenna (Sirtrack Limited, New Zealand) to a distance of 150 m (Fig. 1). All tagged rats were in good health before and after the experiment (with respect to body and agility), and their body weights ranged from 267 g to 350 g. The mean distances and patterns of 2–4 rats/sex were monitored using radio-tracking as previously described.
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      Figure 1: (a) red rectangle shows one of the study site, the police quarters; (b) detection process going on with the Yagi-antenna being directed towards the ground on one of the sites.

    


    Data analysis for this home range study of R. norvegicus was divided into two parts: home range determination and active movement mapping. Movement is one of the main activities of rats and provides the basis for the fractal activity of rats (Hsieh et al. 2014). Therefore, movement was the variable of interest in our study and was compared between genders as well as locations (using the mean of the sex of the rats followed). The GIS coordinates of the 2 locations (Campbell market and police quarters) were obtained using GPS (GARMIN - 60CSX, Kansas, USA), and the cumulative area curve was plotted using the Ecological Solution Software (Biotas Version 2.0, Florida, USA). Additionally, 100% Minimum Convex Polygon (MCP), 95% MCP and 95% Harmonic Mean (HM) were used to estimate the home range in this study. Meanwhile, to estimate the core area, two of these methods – the 50% HM and 50% MCP – were employed. The total distance of a rat’s movements that was detected each day was measured based on the linear distance of the radio fixes at every alternate hour using Ecological Software Solutions (Biotas Version 2.0). The daily movement rate for each individual was obtained by the division of the daily distance moved each day by the total active period for that individual rat. Differences between sexes and the site for total active period were statistically compared using Mann-Whitney U tests. The development of the suitability map of R. norvegicus was achieved using data from the questionnaire and secondary data from the Mapping and Survey Department (JUPEM) of the Ministry of Natural Resources and Environment Malaysia and the Pulau Pinang Municipal Council, George Town, Malaysia. The secondary data were derived by superimposing the rat home range and suitability onto an original map of Pulau Pinang. The data gathered were used to update the existing database and were digitised into computer-compatible format using Arc-GIS 9.3 software (Apriso Corporation, California, USA) for GIS. An algorithm for suitability map development was written (Fig. 2).
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      Figure 2: Habitat suitability map algorithm.

    


    RESULTS


    Radio-tracking of R. norvegicus and the Cumulative Area Curve


    Generally, the mean body weight of the male rats was 305 g, whereas that of females was 315 g, and a total of 786 rats were encountered during the study. The home range curves of one adult male (MA 37) at Campbell market reached an asymptote, with a frail increase, of 96 radio fixes, while for one adult female (FA 28), the asymptote was reached, with a slight increase, after a minimum of 62 radio fixes (Fig. 3 [a] and [b]). These curves generally reached a visible asymptotic limit after 90 radio fixes (approximately 98 radio fixes for MA 37 and 94 radio fixes for FA 28; Fig. 3). At the police quarters and for one adult male (MA 3), the curve appears to reach an asymptote after a minimum number of 51 radio fixes, whereas for adult females, the minimum number of radio fixes was 47 (Fig. 3[c] and [d]). Both curves progressively increased, and a clear asymptotic limit was reached at 92 radio fixes for MA 3 and at 112 radio fixes for FA 9.


    The implication of the closeness of the minimum number of radio fixes (47 and 51 radio fixes) was that the movements of the rats were usually from the same starting points. The rats usually departed, however, at a different distance from the source until reaching a point where their further movement could not yield a meeting/intersection point. Additionally, differences existed in the home range distances covered at each of the sites; the existence of these differences was established based on the differences in the number of radio pixels covered at each site.
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      Figure 3: Number of fixes required to reach an asymptote for (a) male (MA 37) and female (FA 28) rats at Site 1, as well as (b) male (MA 3) and female (FA 9) at Site 2.


      Note: The home range size was calculated using the 100% MCP. Arrows indicate the point of reaching asymptote.

    


    Home Ranges and Home Range Pattern


    The analysis of the movements detected in rats at both locations showed that the rats did move far from the nests and only came out in search of food. The rodents headed in similar directions and did not change their route much in the days in which they were followed, and thus, the use of 100% MCP was a suitable approach for estimating the width of the home range. At Campbell market, the adult males (MA 37, MA 38 and MA 39) had an average home range size of 133.52 m2 and an estimated mean core area size of 29.39 m2, whereas an adult female (FA 28) had a mean home range of 13.38 m2 and an estimated mean core area size of 9.17 m2 (Table 1). The graphical distribution of the home range and core area for MA 37 and FA 28 showed that no home range overlap was obtained between MA37 and FA28 at site 1 (Fig. 3 [a] and [b]). At the police quarters, the adult male (MA 3) had an estimated home range size of 271.11 m2 and an estimated mean core area size of 16.6 m2. The adult female (FA 9) had an estimated mean home range size of 11.9 m2 and a very small estimated core area (0.10 m2). The graphical distribution of home range and core area for MA 3 and FA 9 are presented in Figure 4. Additionally, there was no overlap of the home range between MA3 and FA9 in Site 2 (Fig. 3[a] and [b]). Male rats at both sites had a larger home range and core area than their female counterparts (Table 1).


    Table 1: Home range and estimates of core area for individual rats from both sites.


    
      
        	Site

        	
          Animal ID

        

        	
          100%MCP

        

        	
          95%MCP

        

        	
          95%HM

        

        	
          50%HM

        

        	
          50%MCP

        
      


      
        	1

        	
          MA 37

        

        	
          455.35

        

        	
          133.52

        

        	
          374.35

        

        	
          29.39

        

        	
      


      
        	

        	
          FA 28

        

        	
          27.84

        

        	
          13.38

        

        	
          19.77

        

        	
          9.17

        

        	
          7.28

        
      


      
        	
          

        

        	
          MA 38

        

        	
          452.10

        

        	
          134.87

        

        	
          370.10

        

        	
          29.24

        

        	
      


      
        	

        	
          FA 27

        

        	
          29.59

        

        	
          12.03

        

        	
          21.02

        

        	
          9.42

        

        	
          7.03

        
      


      
        	

        	
          MA 39

        

        	
          458.60

        

        	
          132.17

        

        	
          378.60

        

        	
          29.54

        

        	
      


      
        	

        	
          FA 29

        

        	
          26.09

        

        	
          14.73

        

        	
          18.52

        

        	
          8.92

        

        	
          7.53

        
      


      
        	

        	
          Mean

        

        	
          241.60

        

        	
          73.45

        

        	
          197.06

        

        	
          19.28

        

        	
          7.28

        
      


      
        	2

        	
          MA 3

        

        	
          271.11

        

        	
          271.11

        

        	
          107.68

        

        	
          16.60

        

        	
          0.73

        
      


      
        	

        	
          FA 9

        

        	
          11.90

        

        	
          11.90

        

        	
          18.30

        

        	
          0.10

        

        	
          0.07

        
      


      
        	

        	
          MA 4

        

        	
          271.00

        

        	
          272.02

        

        	
          107.47

        

        	
          18.71

        

        	
          0.69

        
      


      
        	

        	
          FA 10

        

        	
          12.05

        

        	
          11.55

        

        	
          16.95

        

        	
          0.05

        

        	
          0.07

        
      


      
        	

        	
          MA 5

        

        	
          271.22

        

        	
          270.20

        

        	
          107.89

        

        	
          14.49

        

        	
          0.77

        
      


      
        	

        	
          FA 11

        

        	
          11.75

        

        	
          12.25

        

        	
          19.65

        

        	
          0.15

        

        	
          0.08

        
      


      
        	

        	
          Mean

        

        	
          141.51

        

        	
          141.51

        

        	
          62.99

        

        	
          8.35

        

        	
          0.40

        
      

    


    Note: Site 1 is Campbell market and Site 2 is police quarters.
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      Figure 4: Distribution map of the home range and core area for an adult male MA 3 at Site 1 (a and b) and Site 2 (c and d).


      Notes: The outer lines encompass an area that represents home range area using estimates of 100% MCP, the inner shaded area represents 95% MCP and 95% HM and the core area represents 50% HM and 50% MCP.

    


    Generally, the mean home range size of rats at Site 1 (range = 12.03–134.87m2) was 47.4% larger than that of rats at Site 2 (range = 11.90–271.11 m2). In contrast to the core area size, the home range for rats at the Campbell market was 56.69% larger than the home range for any individual adult at police quarters, which was 19.28 m2 (range 9.17–29.39 m2 , Table 1). The home range pattern followed by male rats in Campbell market differs markedly from that of female rats in the same markets and even from the male rats from the police quarters (Fig. 4). The home range map shows that the male rats movement pattern was of a shape with four unequal sides (Fig. 4a), whereas the movement pattern of the female followed the shape of a rhombus (Fig. 4b). However, a similarity in home range pattern was observed in both male and female rats at the police quarters. The home range pattern (Fig. 4[c] and [d]) followed the shape of a triangle. These results suggest that home range pattern may or may not follow the same pattern depending on the site.


    Raster Layers of Habitat Variables for Habitat Suitability


    Raster charts of the rat showed that rat hot spots can be grouped into 4 zones: market, shops, settlement and general places; however, the standardised raster chart identified the major rallying points of the rats (hot spots) as the market because the highest frequency of rats (255) was obtained in the area marked in pink on Figure 5(a) and (b). Meanwhile, the non-standardised raster charts (Fig. 5[a] and [b]) showed that built-up points at the market place were the least likely places for the rats to frequent. These results suggest that the higher the number of built-up points, the smaller the rat population, indicating a monotonic decrease in the quality of rat habitat. Additionally, the raster charts delineated the habitat quality of rat of the study area into 3 types: inner city area, mixed settlement area and commercial area. The inner city area was smaller in comparison to the mixed settlement and commercial areas. However, the standardised raster chart showed that the settlement smallest in size was inhabited by the highest number of rats (Fig. 5[c] and [d]). This chart also indicated monotonic decrease, as was obtained in the built-up areas. The raster charts of the distance of the rats from the waterways showed that the greater the distance from the waterways, the higher the habitat quality, thus showing a relation that was both monotonically increasing and positive. The purple coloration in Figure 6(a) and (b) shows habitat that is more suitable for rats (Fig. 6[a] and [b]). From these results, it is essential to note that habitat quality could depend on factors such as waterways, built-up points and the type of settlement. In additions, these factors affect the suitability either directly or inversely (that is positively or negatively).
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      Figure 5: (a) raster chart of build-up type (V1) as well as settlement type (V2) before standardised with fuzzy (ranking type: 4 - market, 3 - shop houses, 2 - settlement, 1 - general); (b) map layer of build-up type (V1) after standardised with fuzzy.

    


    Activity/movement Parameters and a Habitat Suitability Map for R. norvegicus


    The emergence of R. norvegicus from their nests (marking the beginning of activity) generally occurred between 1900 hours and 2200 hours. At Campbell market, the most common time of emergence for male rats was 1900 hours, while for female rats, it was 2000 hours (Table 2). At the police quarters, however, the most common time of emergence for males was 2000 hours and for the females was 2200. This result implied a marked difference in the time of emergence of R. norvegicus from the nest between sexes as well as between sites. The animals at the police quarters seem to enter the nest (as the end of activities) earlier than the rats at Campbell market. At the police quarters, the most common time of entry/withdrawal for male and female rats proved to be the same (0400 hours), unlike in Campbell market, where the females returned/withdrew to the nest earlier than the males. The females returned to the nest at 0600 hours, whereas the males returned to the nest at 0700 hours (Table 2). The mean total daily distance of movement observed in adult rats at Site 2 was 8.16% more than that for rats from Site 1 (Table 2). There was no significant difference in the total daily distance travelled for Campbell market and the police quarters rats (U = 65, p>0.05, Mann-Whitney U-Test).
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      Figure 6: (a) raster layer of distance to waterways (V4) before standardised with fuzzy; (b) raster layer of distance to skips/bin (V7) before standardised with fuzzy (distance in metres).

    


    Table 2: Time of emergence from and withdrawal into the nest of R. norvegicus according to sex at Site 1 and Site 2.


    
      
        	
          Site

        

        	Sex/animal ID

        	
          Number of days

        

        	
          Time of exit from nest (hours)

        

        	
          Time of entry into nest (hours)

        
      


      
        	
          1

        

        	Male (MA 37)

        	
          6

        

        	
          1900

        

        	
          0700

        
      


      
        	

        	Female (FA 28)

        	
          6

        

        	
          2000

        

        	
          0600

        
      


      
        	
          2

        

        	Male (MA 3)

        	
          6

        

        	
          2000

        

        	
          0400

        
      


      
        	

        	Female (FA 9)

        	
          6

        

        	
          2200

        

        	
          0400

        
      


      
        	
          Site

        

        	Sex

        	
          Number of days

        

        	
          Mean total active period (h)

        

        	
          SD

        
      


      
        	
          1

        

        	Male and female

        	
          14

        

        	
          8.25

        

        	
          3.12

        
      


      
        	

        	Male

        	
          7

        

        	
          6.83

        

        	
          3.66

        
      


      
        	

        	Female

        	
          7

        

        	
          9.66

        

        	
          2.58

        
      


      
        	
          2

        

        	Male and female

        	
          14

        

        	
          11.80

        

        	
          2.92

        
      


      
        	

        	Male

        	
          7

        

        	
          7.00

        

        	
          3.66

        
      


      
        	

        	Female

        	
          7

        

        	
          4.80

        

        	
          2.17

        
      

    


    Note: Site 1 is Campbell market and Site 2 is police quarters.


    The mean total length of the daily active period for rats at the police quarters was 3.55 hours longer than in Campbell market (Table 3). Statistical analysis shows that when the total length of daily active period for adult individuals were compared between both sites, the difference was not significant. However, the total length of the daily active period of the female rats from Campbell market was significantly longer compared to female rats at police quarters (U = 2.5, p<0.05). In males, there were no significant differences when comparing Campbell market rats to police quarters rats (U = 14, p>0.05). The total length of daily active periods within both sexes (male and female) at each site were not significantly different at either Site 1 (U = 6, p>0.05) or at Site 2 (U = 5.5, p>0.05). Apparent differences existed within sex and site for the length of the active period of the rats, and male rats had a larger home range than their female counterparts.


    According to the suitability map, the distribution of R. norvegicus shows a patchy pattern (Fig. 7), and the map can be delineated (with a cut-off method) into three categories of habitat quality: high (0.75–1), medium (0.35–0.74) and low (0.06–0.34). The habitat suitability map showed that most of the habitats (>2/3) are suitable for rats because these habitats fall within the highly suitable region (Fig. 7).


    Table 3: Total active period and total distance travelled for males and females at Site 1 and 2 for six consecutive days.


    
      
        	
          Sites

        

        	
          Animal ID

        

        	
          MA 37

        

        	
          FA 28

        
      


      
        	

        	
          Days

        

        	
          [image: art]

        

        	
          [image: art]
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          Site 1

        

        	
          1

        

        	
          4.00

        

        	
          49.49

        

        	
          6.00

        

        	
          12.09

        
      


      
        	
          

        

        	
          2

        

        	
          4.00

        

        	
          93.69

        

        	
          7.00

        

        	
          16.00

        
      


      
        	
          

        

        	
          3

        

        	
          5.00

        

        	
          37.39

        

        	
          12.00

        

        	
          21.35

        
      


      
        	
          

        

        	
          4

        

        	
          5.00

        

        	
          54.78

        

        	
          10.00

        

        	
          20.56

        
      


      
        	

        	
          5

        

        	
          12.00

        

        	
          79.58

        

        	
          12.00

        

        	
          17.24

        
      


      
        	

        	
          6

        

        	
          11.00

        

        	
          93.25

        

        	
          11.00

        

        	
          14.15

        
      


      
        	

        	
          Mean

        

        	
          6.83

        

        	
          68.03

        

        	
          9.66

        

        	
          16.89

        
      


      
        	

        	
          (SD)

        

        	
          –3.66

        

        	
          –24.02

        

        	
          –2.58

        

        	
          –3.60

        
      


      
        	
          Sites

        

        	
          Animal ID

        

        	
          MA 3

        

        	
          FA 9

        
      


      
        	
          Site 2

        

        	
          1

        

        	
          6.00

        

        	
          149.94

        

        	
          –

        

        	
          –

        
      


      
        	

        	
          2

        

        	
          8.00

        

        	
          78.62

        

        	
          3.00

        

        	
          12.90

        
      


      
        	

        	
          3

        

        	
          9.00

        

        	
          67.35

        

        	
          6.00

        

        	
          19.81

        
      


      
        	

        	
          4

        

        	
          9.00

        

        	
          71.76

        

        	
          6.00

        

        	
          7.36

        
      


      
        	

        	
          5

        

        	
          –

        

        	
          3.00

        

        	
          2.00

        

        	
          20.90

        
      


      
        	

        	
          6

        

        	
          3.00

        

        	
          67.14

        

        	
          7.00

        

        	
          37.54

        
      


      
        	

        	
          Mean

        

        	
          7.00

        

        	
          72.97

        

        	
          4.80

        

        	
          19.70

        
      


      
        	

        	
          (S.D)

        

        	
          –3.66

        

        	
          –46.73

        

        	
          –2.17

        

        	
          –11.38

        
      

    


    Note: x and y are total active period in hours and total distance travelled in metres, respectively.


    DISCUSSION


    The results of this study showed that the home range patterns of the rats differed according to sex, as well as by site and may depend on the differences in the activities or roles of each of the sexes. These home range patterns may also be related to differences in the availability of key resources such as food, burrows and vegetation at each of the sites (Dickmann & Doncaster 1987; Davies et al. 2013). The lack of home range overlap as established in this study may be because the burrows of Rattus do not normally overlap. This finding conforms with observations of non-overlapping ranges in Microtus breweri, which were reported by Zwicker (1989). Similarly, home range patterns may or may not be different according to this study because the similarity or otherwise would be based on the landscape connectivity. Landscape connectivity (Wang et al. 2008) has been found to affect the dispersal of brown rats around houses in Amsterdam. Landscape connectivity for the 2 locations (Campbell market and police quarters) differs. At Campbell market, burrowing might be easy for the rats, whereas at the police quarters, burrowing is limited because the entire area has been tarred. This situation is in agreement with the findings of Van Adrichem et al. (2013) and Yabe (1979) who established that the availability of green area and food were some of the factors that govern rat population density in and around houses in Amsterdam.
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      Figure 7: Habitat suitability map of R. norvegicus in the city of George Town, divided into three classifications of spaces.

    


    All the habitat suitability thresholds, including built-up points, skip bins, water sources and the nature of the site explored in this study, produced a structural pattern of habitat suitability for the raster chart. These habitat thresholds are similar to the habitat factors identified for rodents in urban habitat (Spragins 2002). However, notably, while some of these thresholds produce monotonic increases, others produced monotonic decreases in habitat suitability. This increase or decrease occurs because while some of the threshold factors enhance rat habitats, others inhibit the habitat. In addition, others have found that areas with sewage serve as suitable habitat for Rattus (Channon et al. 2000), contrary to the findings in this study. This contradiction might be dependent on differences in the sewage systems. Sewage that is always or partially free to provide habitat for rodents can be suitable for rodents, but sewage that always contains large quantities of water and other waste (such as in the study area) would definitely be avoided by rats (Harper et al. 2005; Kolawole et al. 2009). Meanwhile, in a study by Trawegger et al. (2006), fewer rats were trapped in the sewage. Similarly, the differences observed in the active period of the rats in terms of sex and site, as found in this study, may be linked to differences in the social roles of the 2 sexes, as well as to differences in the habitat factors at each of the sites. Food availability, weather condition and predators are some of the factors that can influence the movements and activities of rats (Carlini et al. 1972). Additionally, activities at the 2 sites are markedly different because the sites are located in 2 dissimilar settlements.


    CONCLUSION


    A habitat suitability map of a highly urbanised area was produced for R. norvegicus in this study. This map can be used in the rodent control programme because the use of habitat structure provides a pragmatic and integrative approach to rodent control that can be used to supplement previous rat control methods. The map is adaptable to any urbanised area with characteristics similar to the study area; otherwise, the algorithm established in the study can be used to establish a new habitat suitability map for a different type of urban area. Therefore, this study provides a basic foundation for further study of rat management and control. Furthermore, the patterns of the rat movements (4-sided and triangular structure pattern) established in this study can be used in the control of rodents in similarly structured areas. This habitat suitability map is therefore recommended for use along with other rodent control measures as part of an integrated pest management strategy for better efficiency.
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    Abstrak: Keserasian mengawan dan analisis pembatasan kawasan Internal Transcribed Spacer (ITS) telah dijalankan untuk menentukan pertalian Ganoderma boninense, spesies yang sering dikaitkan dengan reput pangkal batang kelapa sawit, dengan pencilan Ganoderma daripada kelapa sawit yang dijangkiti, dua palma hiasan iaitu palma pinang merah (Cyrtostachys renda) and palma MacArthur (Ptychosperma macarthurii), pencilan dari tunggul kelapa (Cocos nucifera), Ganoderma miniatocinctum, Ganoderma zonatum and Ganoderma tornatum. Keputusan kajian menunjukkan G. boninense serasi dengan pencilan Ganoderma dari kelapa sawit, G. miniatocinctum and G. zonatum, pencilan daripada palma pinang merah, palma MacArthur dan pencilan tunggul kelapa. G. boninense tidak serasi dengan G. tornatum. Oleh itu, keputusan kajian mencadangkan pencilan G. boninense, G. miniatocinctum, G. zonatum, pencilan Ganoderma daripada kelapa sawit, palma hiasan dan tunggul kelapa mewakili spesies biologi yang sama. Analisis pembatasan kawasan ITS menunjukan variasi di mana lima haplotip dijana daripada corak jalur pembatasan. Analisis kluster unweighted pair-group method with arithmetic averages (UPGMA) menunjukkan kesemua pencilan Ganoderma dikelompokkan dalam 5 kumpulan utama dan nilai kesamaan semua pencilan berjulat antara 97% hingga 100%. Dengan itu, analisis pembatasan kawasan ITS menunjukkan G. boninense dan pencilan Ganoderma daripada perumah palma yang lain mempunyai pertalian yang rapat. Berdasarkan ujian keserasian mengawan dan analisis pembatasan kawasan ITS yang dijalankan dalam kajian ini, pelbagai kumpulan spesies Ganoderma daripada kelapa sawit dan perumah palma yang lain, mempunyai pertalian yang rapat kecuali pencilan G. tornatum dan pencilan Ganoderma daripada teh dan getah.


    Kata kunci: Ganoderma, Perumah Palma, Keserasian Mengawan, Kawasan ITS


    Abstract: Mating compatibility and restriction analyses of Internal Transcribed Spacer (ITS) regions were performed to determine the relations between Ganoderma boninense, the most common species associated with basal stem rot in oil palm and Ganoderma isolates from infected oil palm, two ornamental palms, sealing wax palm (Cyrtostachys renda) and MacArthur palm (Ptychosperma macarthurii), an isolate from coconut stump (Cocos nucifera), Ganoderma miniatocinctum, Ganoderma zonatum and Ganoderma tornatum. The results showed that G. boninense was compatible with Ganoderma isolates from oil palm, G. miniatocinctum and G. zonatum, Ganoderma isolates from sealing wax palm, MacArthur palm and coconut stump. G. boninense was not compatible with G. tornatum. Therefore, the results suggested that the G. boninense, G. miniatocinctum, G. zonatum, and Ganoderma isolates from oil palm, ornamental palms and coconut stump could represent the same biological species. In performing a restriction analysis of the ITS regions, variations were observed in which five haplotypes were generated from the restriction patterns. An unweighted pair-group method with arithmetic averages (UPGMA) cluster analysis showed that all the Ganoderma isolates were grouped into five primary groups, and the similarity values of the isolates ranged from 97% to 100%. Thus, a restriction analysis of the ITS regions showed that G. boninense and the Ganoderma isolates from other palm hosts were closely related. On the basis of the mating compatibility test and the restriction analysis of the ITS regions performed in this study, a diverse group of Ganoderma species from oil palm and other palm hosts are closely related, except for G. tornatum and Ganoderma isolates from tea and rubber.


    Keywords: Ganoderma, Palm Host, Mating Compatibility, ITS Regions


    INTRODUCTION


    Basal stem rot of oil palm that is caused by Ganoderma species is the most serious disease of oil palms in South-East Asia, causing severe economic losses in Malaysia (Turner 1981; Singh 1991; Ariffin et al. 1996) and North Sumatra (Hasan & Turner 1998). With more extensive planting and replanting from old oil palm estates, the infection of young palms has also been noted (Sanderson et al. 2000).


    Several species of Ganoderma have been associated with basal stem rot in South-East Asia. Turner (1981) stated that as many as seven species were involved, namely G. applanatum, G. boninense, G. chalceum, G. lucidum, G. miniatocinctum, G. pseudoferreum and G. tornatum. Ho and Nawawi (1985) reported that G. boninense was the most common species to infect oil palms in Peninsular Malaysia. Based on morphological studies and pathogenicity tests, Idris et al. (2000a, b) reported that three species, G. boninense, G. miniatocinctum and G. zonatum are pathogenic. However, G. miniatocinctum and G. zonatum were significantly less aggressive than G. boninense.


    The mating system of G. boninense was determined to be heterothallic and tetrapolar with multiple alleles at both mating type loci (Pilotti et al. 2002, 2003). By crossing the monokaryotic mycelia of different Ganoderma isolates, a mating test could be performed to determine the compatibility of those isolates and will thus assist in defining the Ganoderma species that are involved in causing basal stem rot in oil palms. Therefore, the present study was conducted to determine the mating compatibility of G. boninense with Ganoderma isolates that were isolated from oil palm, ornamental palm, coconut stump, G. miniatocinctum, G. zonatum and G. tornatum by using mating compatibility tests; the genetic relations among the Ganoderma isolates from different palm hosts in northern Peninsular Malaysia were also observed by using a restriction analysis of the internal transcribed spacer (ITS) region and the 5.8S gene of ribosomal DNA.


    MATERIALS AND METHODS


    Mating Compatibility Test


    Ganoderma cultures of G. boninense (Per 71), G. miniatocinctum (337035), G. tornatum (NPG1) and G. zonatum (Por 68) were obtained from the Malaysian Palm Oil Board (MPOB) of Bandar Baru Bangi in Selangor, Malaysia. From these cultures, basidiocarps were artificially induced to obtain basidiospores for the generation of monokaryon cultures. The Ganoderma basidiocarps were induced by using rubber wood block as a substrate according to the method described by Idris et al. (2000b).


    The basidiospores used to generate monokaryon cultures were obtained from two basidiocarps of oil palms (Elaeis guineensis - LPOP78/5/3, LPOP78/5/5), two ornamental palms, namely sealing wax palm (Cyrtostachys renda - SWP) and MacArthur palm (Ptychosperma macarthurii - MAP) and coconut stump (Cocos nucifera - BPC).


    A single spore isolation was performed to obtain monokaryotic mycelia. The basidiocarp was cut vertically to reveal the hymenium layer. The surfaces of the spore-bearing tubes were gently scraped with extremely fine nichrome wires to dislodge the spores, which were then suspended in sterile distilled water. The spore suspension was then streaked onto water agar. After 24–48 h, the spores germinated, producing visible colonies. Each colony was then examined with an inverted microscope to ensure that it originated from a single spore. A single hyphal tip was carefully cut and transferred to potato dextrose agar (PDA). All colonies were subsequently checked under a compound microscope to confirm that the colonies were monokaryotic.


    Based on the formation of dikaryons, monokaryons representing each mating type were identified; and finally, tester strains were selected to represent each mating type. A selection of the mating type was performed for all the Ganoderma isolates in a similar manner.


    Selections for tester strains were performed according to the methods described by Pilotti et al. (2002). Tester strains for each isolate were obtained by crossing two identical sets of nine sibling monokaryons from the same basidiocarp. Compatible mating types arising from these random combinations were recorded, and for each isolate, four monokaryons were selected, each of which represented the putative genetic entities of A1B1, A1B2, A2B1 and A2B2. After tester strains were selected for all the isolates, mating was performed by crossing the selected tester strains between different isolates (Table 1).


    G. boninense was crossed with Ganoderma isolates from oil palm, sealing wax palm, McArthur palm, coconut stump, G. miniatocinctum, G. zonatum and G. tornatum. G. tornatum was also separately crossed with these sets of isolates.


    Table 1: List of monokaryon cultures used in mating compatibility tests.


    
      
        	Isolate

        	
          Host

        

        	
          Location

        

        	
          Tester strains

        
      


      
        	POP78/5/3

        	
          Oil palm(Elaeis guineensis)

        

        	
          Basidiocarp collected in Pelam Estate, Kedah (same trunk)

        

        	
          15,19,20,22

        
      


      
        	LPOP78/5/5

        	
          Oil palm(Elaeis guineensis)

        

        	
          23,24,25,29

        
      


      
        	SWP

        	
          Sealing wax palm(Cyrtostachys renda)

        

        	
          Basidiocarp collected at Batu Uban, Pulau Pinang

        

        	
          13,14,18,19

        
      


      
        	MAP

        	
          MacArthur palm(Ptychosperma macarthurri)

        

        	
          Basidiocarp collected at Minden, Pulau Pinang

        

        	
          2,4,6,8

        
      


      
        	G. boninense(Per71)

        	
          Oil palm(Elaeis guineensis)

        

        	
          Dikaryotic cultures obtained from MPOB (basidiocarps were induced)

        

        	
          2,3,5,6

        
      


      
        	G. miniatocinctum(337035)

        	
          Oil palm(Elaeis guineensis)

        

        	
          1,3,6,9

        
      


      
        	G. tornatum (NPG1)

        	
          Oil palm(Elaeis guineensis)

        

        	
          4,6,8,9

        
      


      
        	G. zonatum (Por68)

        	
          Oil palm(Elaeis guineensis)

        

        	
          1,4,7,9

        
      


      
        	BPC

        	
          Coconut stump(Cocos nucifera)

        

        	
          Basidiocarp collected at Balik Pulau, Pulau Pinang

        

        	
          1,2,4,8

        
      

    


    Restriction Analysis of ITS Regions


    A total of 21 isolates, which include all the Ganoderma isolates from oil palm, sealing wax palm, MacArthur palm, coconut stump, rubber and tea, were used in a restriction analysis of the ITS region of rDNA. Isolates from tea (TEA1) and rubber (03RG2) were also included in the analysis. Both isolates were obtained from the culture collection of the Rubber Research Institute of Malaysia (Sungai Buloh, Selangor). Both monokaryotic and dikaryotic isolates were used for isolates from oil palm, sealing wax palm and MacArthur palm. The isolates were cultured on PDA for 7 days, after which the mycelia were harvested and DNA was extracted by using a Dneasy® Mini Plant Kit (Qiagen, Hilden, Germany) DNA extraction kit.


    The ITS+5.8S were amplified with ITS1 (5’ TCC GTA GGT GAA CCT GCGG 3’) and ITS4 (5’ TCC GCT TAT TGA TAT GC 3’) primer pairs (White et al. 1990). After optimisation, the amplification was conducted in a 50 μl reaction mixture with a final concentration of 1X PCR buffer, 0.1 µM of each primer, 4.0 mM MgCl2, 10 mM dNTP mix, 2 units of Taq polymerase (Promega, WI, USA) and 4 ng of DNA. A polymerase chain reaction amplification was performed by using a PTC-100® Peltier Thermal Cycler (MJ Research Inc., MA, USA), with an initial denaturation of 2 min at 95°C followed by 35 cycles of 1 min denaturation at 94°C, 1 min annealing at 56°C and 2 min extension at 72°C, and a final extension of 10 min at 72°C.


    The PCR products were digested with Alu I, Bsu 15I, Eco RI, Hind III, Hin fI, Msp I and Taq I (Fermentas, Vilnius, Lithuania) by using the reaction conditions recommended by the manufacturers. These restriction enzymes were selected as representative four and six-base cutter enzymes. The restriction fragments were separated by electrophoresis in a 1.5% agarose gel by using Tris Borate EDTA (TBE) as a running buffer. The gels were run at 80 V and 500 mA for 160 min, and a 100 bp marker (Gene Ruler™, Fermentas) was used as a standard marker. After electrophoresis, the gels were stained with ethidium bromide, and the restriction patterns were visualised and photographed with a GeneSnap image acquisition system Syngene, (MD, USA). The restriction analysis was repeated twice to ensure that consistently digested fragments were obtained.


    Each isolate was assigned to a composite haplotype as defined by the combination of the restriction patterns generated by the seven restriction enzymes. A binary data matrix based on the presence (1) and absence (0) of restriction fragments were analysed by using the Numerical Taxonomy System of Multivariate Program (NT-SYS) software package version 2.2 (Exeter Software, NY, USA) (Rohlf 2005). A genetic similarity matrix was then constructed by using a simple matching coefficient, and an unweighted pair-group method with arithmetic averages (UPGMA) cluster analysis was generated to infer the relations among the Ganoderma isolates from different palm hosts. Bootstrapping was performed to estimate the confidence limit of the dendrogram by using WinBoot (International Rice Research Institute, Manila, Philippines) with 1000 bootstrap replications (Yap & Nelson 1996). To test the goodness of fit of the cluster analysis to the data, a cophenetic value was constructed from the dendrogram. The degree of fit was based on Rohlf (2005).


    RESULTS AND DISCUSSION


    The presence of a clamp connection after mating between two monokaryons was an indication of compatibility, revealing that the alleles at both the A and B loci were different. The results of crosses between sibling monokaryons from a single basidiocarp showed that fertile dikaryons resulted in only one-quarter of the matings (Table 2), which indicated a bifactorial incompatibility with a tetrapolar mechanism (Pilotti et al. 2002).


    According to the crosses, G. boninense was fully compatible with all Ganoderma isolates from oil palm, sealing wax palm, McArthur palm, coconut stump and G. zonatum (Table 3). The compatibility between G. boninense and G. zonatum was also reported by Pilotti et al. (2004). The results suggested that the alleles involved in the mating were different, resulting in 100% fertile dikaryon formation. These findings indicated that all these isolates were compatible, which also suggested that G. boninense, G. zonatum and the other isolates could belong to the same biological species.


    Table 2: Crosses between sibling monokaryons from a single basidiocarp, and the alleles are assigned arbitrarily.


    [image: art]


    Note: + : clamp formation, – : clamp not formed


    A compatibility of approximately 75% was observed between G. boninense and G. miniatocinctum, in which G. boninense formed 12 fertile dikaryons out of 16 crosses with G. miniatocinctum. The results indicated that both species lacked complete compatibility or partial compatibility. Based on an arbitrary standard that could be applied to equate the compatibility percentage to the nomenclatural rank suggested by Petersen and Hughes (1998), a 75% compatibility could represent different varieties of the same species. Partial compatibility was also used by Boidin (1986) as an index to measure the extent of speciation in which partially compatible individuals were in the process of speciation. However, based on the present study, there was not enough evidence to conclude that G. boninense and G. miniatocinctum represent the same species or different varieties, but based on morphological features by Steyaert (1972, 1975) and Ho and Nawawi (1985), G. miniatocinctum was regarded as synonymous with G. boninense.


    G. boninense was not compatible with G. tornatum. No dikaryon was formed within the 16 crosses between G. boninense and G. tornatum, which indicated that both species were two distinct species. G. tornatum was also not compatible with G. miniatocinctum, G. zonatum, isolates from the oil palm, sealing wax palm, MacArthur palm and coconut stump. G. tornatum was saprophytic and only found on dead palms (Idris et al. 2000b). Pilotti (2005) reported that basal stem rot in Papua New Guinea was caused primarily by G. boninense, and G. tornatum was found to be a minor pathogen. Pilotti (2005) also reported that G. tornatum has a broad host range whereas G. boninense appears to be restricted to palms. The present mating studies were performed in accordance with studies conducted by Idris et al. (2000a, b) and Pilloti (2005), which indicated that G. tornatum was genetically different from G. boninense.


    Table 3: Crosses between G. boninense tester strains and Ganoderma isolates from oil palm, sealing wax palm, McArthur Palm and coconut stump.


    
      
        	

        	
          G. boninense (Per 71)

        
      


      
        	
          2

        

        	
          3

        

        	
          5

        

        	
          6

        
      


      
        	
          G. miniatocinctum(337035)

        

        	

        	

        	

        	
      


      
        	
          1

        

        	
          +

        

        	
          +

        

        	
          +

        

        	
          +

        
      


      
        	
          3

        

        	
          +

        

        	
          +

        

        	
          +

        

        	
          –

        
      


      
        	
          6

        

        	
          +

        

        	
          +

        

        	
          –

        

        	
          –

        
      


      
        	
          9

        

        	
          +

        

        	
          +

        

        	
          –

        

        	
          +

        
      


      
        	
          G. tornatum (NPG1)

        

        	

        	

        	

        	
      


      
        	
          4

        

        	
          –

        

        	
          –

        

        	
          –

        

        	
          –

        
      


      
        	
          6

        

        	
          –

        

        	
          –

        

        	
          –

        

        	
          –

        
      


      
        	
          8

        

        	
          –

        

        	
          –

        

        	
          –

        

        	
          –

        
      


      
        	
          9

        

        	
          –

        

        	
          –

        

        	
          –

        

        	
          –

        
      


      
        	
          G. zonatum (Por68)

        

        	

        	

        	

        	
      


      
        	
          1

        

        	
          +

        

        	
          +

        

        	
          +

        

        	
          +

        
      


      
        	
          4

        

        	
          +

        

        	
          +

        

        	
          +

        

        	
          +

        
      


      
        	
          7

        

        	
          +

        

        	
          +

        

        	
          +

        

        	
          +

        
      


      
        	
          9

        

        	
          +

        

        	
          +

        

        	
          +

        

        	
          +

        
      


      
        	
          Oil palm (LPOP78/5/3)

        

        	

        	

        	

        	
      


      
        	
          15

        

        	
          +

        

        	
          +

        

        	
          +

        

        	
          +

        
      


      
        	
          19

        

        	
          +

        

        	
          +

        

        	
          +

        

        	
          +

        
      


      
        	
          20

        

        	
          +

        

        	
          +

        

        	
          +

        

        	
          +

        
      


      
        	
          22

        

        	
          +

        

        	
          +

        

        	
          +

        

        	
          +

        
      


      
        	
          Oil palm (LPOP78/5/5)

        

        	

        	

        	

        	
      


      
        	
          23

        

        	
          +

        

        	
          +

        

        	
          +

        

        	
          +

        
      


      
        	
          24

        

        	
          +

        

        	
          +

        

        	
          +

        

        	
          +

        
      


      
        	
          25

        

        	
          +

        

        	
          +

        

        	
          +

        

        	
          +

        
      


      
        	
          29

        

        	
          +

        

        	
          +

        

        	
          +

        

        	
          +

        
      


      
        	
          Sealing wax palm (SWP)

        

        	

        	

        	

        	
      


      
        	
          13

        

        	
          +

        

        	
          +

        

        	
          +

        

        	
          +

        
      


      
        	
          14

        

        	
          +

        

        	
          +

        

        	
          +

        

        	
          +

        
      


      
        	
          18

        

        	
          +

        

        	
          +

        

        	
          +

        

        	
          +

        
      


      
        	
          19

        

        	
          +

        

        	
          +

        

        	
          +

        

        	
          +

        
      


      
        	
          McArthur palm (MAP)

        

        	

        	

        	

        	
      


      
        	
          2

        

        	
          +

        

        	
          +

        

        	
          +

        

        	
          +

        
      


      
        	
          4

        

        	
          +

        

        	
          +

        

        	
          +

        

        	
          +

        
      


      
        	
          6

        

        	
          +

        

        	
          +

        

        	
          +

        

        	
          +

        
      


      
        	
          8

        

        	
          +

        

        	
          +

        

        	
          +

        

        	
          +

        
      


      
        	
          Coconut (BPC)

        

        	

        	

        	
      


      
        	
          1

        

        	
          +

        

        	
          +

        

        	
          +

        

        	
          +

        
      


      
        	
          2

        

        	
          +

        

        	
          +

        

        	
          +

        

        	
          +

        
      


      
        	
          4

        

        	
          +

        

        	
          +

        

        	
          +

        

        	
          +

        
      


      
        	
          8

        

        	
          +

        

        	
          +

        

        	
          +

        

        	
          +

        
      

    


    Note: + : clamp formation, – : clamp not formed


    A Ganoderma isolate from coconut stump was compatible with G. boninense, which suggested that Ganoderma from oil palm and coconut stumps were closely related and could be from the same species. Similar results were also reported by Pilotti et al. (2004), in which G. boninense isolates from coconut were completely interfertile with G. boninense from infected oil palm. The stumps or trunks of coconut that are colonised by Ganoderma reportedly act as inoculum sources to newly planted oil palm (Turner 1981). Molecular analyses of random amplified polymorphic DNA (RAPD), random amplified microsatellite (RAMS) and restriction analyses of ITS regions also indicated that Ganoderma isolates from infected oil palm and coconut stumps were closely related (Latiffah et al. 2002).


    Sealing wax palm and MacArthur palm are planted widely in tropical regions, and Ganoderma-causing basal stem rot has been recorded on these palms (Elliot & Uchida 2004). The present study indicated that Ganoderma isolates from both ornamental palms were compatible with G. boninense from infected oil palm, suggesting that cross infection could occur between the ornamental palms and oil palm.


    The PCR product that was amplified with ITS1 and ITS4 primers was approximately 650 bp for all Ganoderma isolates from various palm hosts. Five restriction enzymes, namely Taq I, Alu I, Bsu 151, Eco RI and Hin f1, produced digested fragments for all PCR products for the 21 Ganoderma isolates used in this study (Table 4). Only the PCR products of the isolates from tea (TEA1) and rubber (03RG2) produced digested fragments when digested with Hind III, which showed that the PCR products of both isolates possessed restriction or cutting sites for Hind III. The PCR products of other Ganoderma isolates were undigested and exhibited ITS+5.8S region sizes of 650 bp. Similar results were shown when digesting with Msp I, when only the PCR products of G. zonatum and the isolates of MacArthur palm could be digested by Msp I. The PCR products of other isolates were undigested, which indicated that the PCR products did not have restriction sites for Msp I. Only consistent restriction fragments were used for the cluster analysis.


    The restriction patterns of G. boninense from oil palm were similar to the restriction patterns of G. miniatocinctum, G. zonatum, seven oil palm isolates, three isolates from sealing wax palm, four isolates from MacArthur palm and an isolate from coconut stump. Based on the restriction patterns, five haplotypes were assigned among the Ganoderma isolates (Table 4).


    Table 4: Haplotypes generated from a restriction analysis of Ganoderma isolates from oil palm, sealing wax palm, McArthur palm, coconut stump, tea and rubber.


    [image: art]


    


    


    A UPGMA cluster analysis was performed to estimate the variations observed among the isolates and to group the isolates. A good cophenetic correlation was obtained (r = 0.98) that showed a good fit for the cluster analysis and the data. Five clusters were generated from the dendrogram (Fig. 1). G. boninense isolates were clustered in Cluster 1 with an isolate from coconut stump (BPC), seven oil palm isolates [LPOP78/5/3, LPOP78/5/3(15), LPOP78/5/3(17), LPOP78/5/3(15 × 17), LPOP78/5/5(21 × 28), LPOP78/5/5(21) and LPOP78/5/5(28)] and three sealing wax palm isolates [SWP(14), SWP(19) and SWP(14 × 19)], with a bootstrap value of 56 and 100% shared similarity. G. zonatum was grouped with four isolates from MacArthur palm [MAP, MAP(2), MAP(4) and MAP(2 × 4)] in Cluster 3 with a bootstrap value of 41 and 100% shared similarity. G. miniatocinctum and G. tornatum formed Cluster 2 and Cluster 4, respectively. Isolates from tea (TEA1) and rubber (03RG2) were grouped in Cluster 5.


    Despite the low bootstrap support of the branch, the clustering of all the Ganoderma isolates generally supports the results of the mating studies, and the grouping was performed according to the 5 haplotypes. Low bootstrap values could also indicate a close relation among the isolates in which the similarity among isolates ranged from 97%–100%. Isolates that were fully compatible and showed 100% similarity were grouped together, which also showed that isolates associated with basal stem rot were closely related. Moreover, in a study by Moncalvo (2000) with ITS parsimony data, a collection of Ganoderma isolates from palm were grouped together in a well-supported palm clade.


    In the mating compatibility tests, G. boninense was found to be partially compatible with G. miniatocintum. G. boninense formed 12 fertile dikaryons out of 16 crosses with G. miniatocinctum, indicating that both isolates shared one common allele. Both species produced different haplotypes in which G. boninense exhibited haplotype 1 and G. miniatocinctum exhibited haplotype 2. From the restriction patterns between G. boninense and G. miniatocinctum, only the Hin f1 restriction pattern was different. The relation could be observed in the dendrogram where G. boninense and G. miniatocinctum were clustered in a separate cluster but shared greater than 99% similarity. The results of the mating compatibility and restriction analysis of ITS+5.8S supported the studies by Corner (1983) and Steyaert (1975), in which both authors regarded G. boninense and G. miniatocinctum as synonymous. Both species were also regarded as synonyms of G. chalceum (Corner 1983).


    On the basis of morphological and pathogenicity studies, Idris et al. (2000a, b) reported that G. boninense, G. miniatocinctum and G. zonatum were associated with basal stem rot. Although the three species were compatible, some variability was observed based on a restriction analysis of the ITS regions. Although the number of tested isolates was small, this variability could indicate an outbreeding population. A similar study was performed by Pilotti et al. (2000) on Ganoderma spp. from Papua New Guinea by using RAPD analysis. Pilotti et al. (2000) reported that variations among closely related isolates of Ganoderma as shown by RAPD analysis are indicative of an outbreeding population, although the number of analysed isolates was small. Based on the present study and a number of morphological, somatic incompatibility and molecular studies, it has been suggested that the pathogen is quite unlikely to represent a single population within the basal stem rot pathosystem of oil palms in South-East Asia (Miller et al. 2000).


    Isolates of Ganoderma from tea (TEA1) and rubber (03RG2) showed 100% similarity, and they formed Cluster 2 with a bootstrap value of 76. Isolates from tea and rubber were most likely to be G. philippii, which was reported to cause red root disease on rubber and tea (Steyaert 1972; Khairudin 1991; Lee 2000). The results of the present study support the report of Ho and Nawawi (1985), which stated that the morphological and physiological characteristics of the Ganoderma species that caused basal stem rot on oil palm were clearly different from the species causing red root rot in tea and rubber.
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      Figure 1: Dendrogram from the UPGMA cluster analysis with a simple matching coefficient based on the restriction fragments of the ITS regions. The percentages of the bootstrap values with 1000 replications are indicated next to the branch.

    


    CONCLUSION


    The present study suggested that monokaryotic mycelia in different Ganoderma species from palm and non-palm hosts might form dikaryotic mycelia, and under suitable conditions, they could infect susceptible oil palm. Therefore, monokaryotic mycelia might play a role in disease infection and spread. Other palm hosts could also become inoculum sources of basal stem rot infection. However, a mating compatibility test showed that G. boninense, G. miniatocinctum, G. zonatum and Ganoderma isolates from other palm hosts were compatible, and some variation was observed when using restriction analysis, which suggested an outbreeding population of the pathogens in association with the basal stem rot of oil palm. Therefore, monitoring Ganoderma fruiting bodies that were growing on the trees and on any available substrates in the oil palm field may be part of the components needed for the integrated disease management of basal stem rot disease.
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    Abstrak: Kajian ke atas kitaran pembiakan kerang keras Meretrix lyrata adalah berdasarkan kaedah histologi dan Indeks Gonad (GI). Sampel telah dikumpulkan dari muara Sungai Buntal di Kuching, Sarawak, Malaysia Gonad M. lyrata telah bermula berkembang semasa September 2013. Gametogenesis terus berkembang sehingga semua individu mencapai peringkat kematangan dan bertelur pada Februari hingga April 2014. Corak GI untuk kitaran setahun telah menunjukkan hubungan yang ketara dengan klorofil a. GI yang sepadan dengan klorofil a telah mencadangkan bahawa perkembangan kitaran pembiakan M. lyrata memerlukan jumlah makanan yang tinggi untuk meningkatkan gametogenesis.


    Kata kunci: Klorofil a, Gametogenesis, Indeks Gonad, Histologi, Meretrix lyrata


    Abstract: A study of the reproductive cycle of the hard clam, Meretrix lyrata, was documented based on histological observation and Gonad Index (GI). Samples were taken from estuarine waters of the Buntal River in Sarawak, Malaysia. The gonad of M. lyrata started to develop in September 2013. Gametogenesis continued to develop until the maturation and spawning stage from February to April 2014. The GI pattern for a one-year cycle showed a significant correlation with chlorophyll a. The corresponding GI with chlorophyll a suggested that the development of the reproductive cycle of M. lyrata required a high amount of food to increase gametogenesis.


    Keywords: Chlorophyll a, Gametogenesis, Gonad Index, Histology, Meretrix lyrata


    INTRODUCTION


    The hard clam, Meretrix lyrata (Sowerby 1851), belongs to the Veneridae family. This species is found at several locations in Sarawak, Malaysia, such as Buntal Village (Kuching District) and Kabong (Betong District). M. lyrata inhabits seashore and estuarine areas. According to Hamli et al. (2012), bivalves, including M. lyrata, are commonly consumed by the local people as a protein source. Moreover, it has economic value and is sold at market with a price range of RM 2 to RM 20 kg–1.


    It is difficult to discern male and female individuals of M. lyrata based solely on morphology characteristics. Furthermore, the verification of the spawning activity of bivalves in nature is tremendously difficult (Camacho-Mondragon et al. 2012). Therefore, an accurate method to determine sex and gametogenic development is through the histology procedure. This procedure requires the gonad tissue to be stained before the determination of the gametogenic stage. Gamete developments occur in phases until maturity is reached and before individuals of M. lyrata undergo the spawning stage. This can be monitored through, or elucidated by, the reproductive cycle pattern of the bivalve. The understanding of hard clam gametogenic development, especially from the wild population, can be used as baseline information for management strategies in fisheries (e.g., spawning stock protection, determination of larval settlement period) (Gribben 2005; Camacho-Mondragon et al. 2012).


    The Gonad Index (GI) is the most appropriate method to evaluate the gamete development of bivalves based on histological observation. The GI is the number of individuals in every gametogenesis phase multiplied by the numerical ranking of every phase and then divided by the sample size (Gosling 2003). The gametogenic stage of other bivalves, such as venerid clams (Meretrix lusoria and Meretrix petechhialis) (Nakamura et al. 2010; Jun et al. 2012), Snout Otter Clam (Lutraria philippinarum) (Bantoto & Ilano 2012), baby clam (Marcia opima) (Suja & Muthiah 2007) and mud clam (Polymesoda erosa) (Clemente & Ingole 2009) were determined using quantitative and qualitative methods.


    Habitat condition is one of the important parts that regulate and influence the biological function in molluscs (Wahi et al. 2009; Hookham et al. 2014). Moreover, previous works attempted to relate environmental factors, such as salinity, temperature and food, as indicators that influenced the gametogenic development of clams (Saxby 2002; Chu & Kumar 2008).The main aims of this study are to (i) identify the stages of gametogenic development in M. lyrata and (ii) determine whether environmental factors, such as temperature, salinity, dissolved oxygen and phytoplankton, could influence sexual development in this bivalve.


    MATERIALS AND METHODS


    Sampling and Study Area


    Approximately 30 mature M. lyrata individuals, with shell lengths between 36.0 mm and 76.0 mm, were collected at the Buntal estuary, Kuching, Sarawak, Malaysia site (N 01° 42’ 18.6”; E 110° 22’ 03. 6”) (Fig. 1) every month from May 2013 to April 2014. The environmental parameters were also recorded in situ and ex situ simultaneously with the collection of M. lyrata. Samples of M. lyrata were brought to the Aquatic Ecology Laboratory (Universiti Putra Malaysia, Bintulu, Sarawak) and cleaned to remove fouling organisms and sediment.
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      Figure 1: Study site for monthly M. lyrata collection from Buntal estuary, Sarawak.

    


    Histological Analysis


    Gonad tissue from the samples was removed and fixed in Bouin’s solution (Sigma-Aldrich Co., Saint Louis, USA). The tissue was dehydrated using several series of ethanol and xylene before being infiltrated with paraffin wax (Humason 1972). Tissue samples were then sliced into 7–10 µm sections and stained with haematoxylin and eosin. The tissue samples were observed under a microscope (Leica Microsystem Inc., Buffalo Grove, USA) at 400× magnification, with each gametogenesis stage recorded according to the following gametogenic stages: rest, early development, late development, mature, spawning and spent, based on Wilson and Seed (1974).


    Gonad Index


    The gonad developmental stage of M. lyrata was categorised according to Ceballos-Vazquez et al. (2000), and each value for every stage was calculated for the GI as follows:


    [image: art]


    The gonad developmental stage was numerically ranked as follows: 1 = rest and spent stages, 2 = development and 3 = mature and spatial spawn.


    RESULTS


    Gonad Development


    The reproductive stages of M. lyrata were identified by the presence of spermatogonia, spermatocyte, and spermatid for males and, oogonia, oocytes and ova in females. There were several stages for male and female reproductive development in the present study, such as rest, development, mature, spawning and spent stages (Figs. 2 and 3).
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      Figure 2: Male gonad stages for M. lyrata from Buntal estuary, Sarawak: (a) rest; (b) early development; (c) late development; (d) matured; (e) spawning; (f) spent.


      Notes: Scale: 50 µm, ct = connective tissue; dgs = degenerate spermatozoa/spermatid/spermatocyte; f = follicle; fw = follicle wall; lu = lumen; mt = muscular tissue; sz = spermatozoa; sd = spermatid; s = spermatocyte.

    


    


    
      [image: art]


      Figure 3: Female gonad stages for M. lyrata from Buntal estuary, Sarawak: (a) rest; (b) early development; (c) late development; (d) matured; (e) spawning; (f) spent.


      Notes: Scale: 50 µm, dgs = degenerate oocyte; do = developing oocyte; gv =germinal vesicle; mo = matured oocyte; m = muscular tissue; n = nucleus; ct = connective tissue; lu = lumen; f = follicle; fw = follicle wall.

    


    Rest Stage


    It is difficult to differentiate between the male and female gonads; however, the degraded gamete was still visible in a few of the tissue samples. Most of the follicles were empty, and some follicles were degraded (Figs. 2[a] and 3[a]). The connective tissue was filled with lipid and glycogen.


    Developmental Stage


    The follicles in M. lyrata were filled with spermatogonia and spermatocytes in males and with oogonia and oocytes in females. A follicle filled with spermatogonia help make the sexual identification easier. During this stage, the connective tissue started to decrease in size. There was no presence of matured gametes during the early developmental stage (Figs. 2[b] and 3[b]). At the late developmental stage, male (spermatocytes) and female (oocytes) gametes were abundant, and several mature spermatids (male) and ova (female) were identified. The follicles became more compact with spermatocytes, spermatids and ova (Figs. 2[c] and 3[c]). The increase in the follicle size occurred with a decline in the size of the connective tissue.


    Mature Stage


    The gonad was fully filled and compact with matured spermatid (male) and ovum (female). Flagella (spermatozoa) were oriented towards the lumen of the follicle in male gonads (Fig. 2[d]). In the female gonad, the nucleus and germinal vesicle in the ova were visible (Fig. 3[d]). The increased follicle size possibly affected the connective tissue, which decreased in size.


    Spawning Stage


    Gametes were secreted from the follicles and entered the active phase. The number of spermatozoa and ova in the lumen was reduced, which exposed the empty area (Figs. 2[e] and 3[e]). The follicles started to decrease in size, and the loose connective tissue started to increase in size. Degradation and cytolysis occurred in a few of the unspent gametes.


    Spent Stage


    The majority of the gametes were used during spawning, while the unused gametes rapidly degraded. The size of the degraded follicles diminished, but some of the follicles maintained their shape. Connective tissues started to be filled with lipid and glycogen. The gonad was ready for the resting stage (Figs. 2[f] and 3[f]).


    Sex Ratio


    During the study period, a total of 157 (56.07%) males and 123 (43.93%) females of M. lyrata were identified through the histological procedure (Table 1). The ratio of male:female was calculated based on the abundance of M. lyrata collected from May 2013 to April 2014. The chi square result revealed a male:female ratio of 1:0.783, which was significantly different (p<0.05). Male M. lyrata was dominant during the pooled months in the present study. Males of M. lyrata dominated the sampled population during May (60.87%), June (71.43%), July (80%), September (63.64%), November (52%) and December (75%) 2013, as well as February (58.07%) and April (73%) 2014. However, females were dominant during August (57.14%) and October (66.65%) 2013 and during January (53.33%) and March (60%) 2014. The highest male dominance was in July 2013, with 80% male and 18.75% female.


    Table 1: Monthly distribution of males and females of M. lyrata, Sarawak, Malaysia.
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    Monthly Variation in M. lyrata Gametogenesis


    The gonad development completed the stages of M. lyrata gametogenesis, rest, development, mature, spawning and spent, in October, November, and December 2013 and January 2014, respectively (Fig. 4). In comparison, during June 2013, the M. lyrata population was characterised by the lowest number of gametes associated with the matured and spawning stages. The spawning stage for the M. lyrata population occurred in every month, except for September 2013.


    Monthly GI


    The monthly GI of M. lyrata showed that the total GI was the highest in June 2013, with a GI value of 3, and the lowest GI value was in September 2013 (GI = 1) (Table 2; Fig. 5). The GI between male and female showed a simultaneous maximum value (GI = 3) in June 2013, which indicated the maturity phase. Females frequently reached the maturity phase in four months, and males reached the maturity phase in one month. The GI pattern for both sexes gradually decreased from July to August 2013, when spawning occurred. Both sexes reached the minimum GI = 1 in September 2013 as reproductive sex in the resting phase. The increased GI pattern observed between October 2013 and January 2014 for females and in April 2014 for males occurred during gametogenesis.


    Correlation of M. lyrata GI with Environmental Factors


    Among the 15 environmental variables, there was a positive correlation (p<0.05) between the M. lyrata monthly GI and the chlorophyll a concentration (Table 3). Other environmental variables, such as the hydrogen ion concentration (pH), total dissolved solids, salinity, water and air temperature, turbidity, conductivity, dissolved oxygen, total rain fall, ammonia, nitrite, nitrate, phosphate and total suspended solids (TSS) were not correlated with the monthly GI (p>0.05).
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      Figure 4: Reproductive stages of M. lyrata from Buntal estuary, Sarawak.

    


    Table 2: Monthly male and female GI values for M. lyrata from Buntal estuary, Sarawak.
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      Figure 5: Male and female GI values for M. lyrata from Buntal estuary, Sarawak.

    


    The positive correlation between GI and chlorophyll a is shown in Figure 6. The GI value increased with the increased concentration of chlorophyll a. This pattern of corresponding increases in both GI and chlorophyll a was observed from November 2013 to March 2014. Another clear pattern was identified during the months of May to September 2013 and April 2014, which consisted of a decrease in the GI and a decrease in chlorophyll a.


    Table 3: Pearson correlation analysis of the GI values of M. lyrata with diferent environment parameters at the Buntal estuary, Sarawak, Malaysia.


    
      
        	Parameters

        	
          R

        

        	
          Sig. (2-tailed)

        
      


      
        	pH

        	0.321214

        	0.308648
      


      
        	TDS (mg/L)

        	–0.16303

        	0.612671
      


      
        	Salinity (PSU)

        	–0.2174

        	0.497309
      


      
        	Water Temperature (°C)

        	–0.42124

        	0.172638
      


      
        	Air temperature (°C)

        	0.213435

        	0.505374
      


      
        	Turbidity (NTU)

        	0.289421

        	0.361539
      


      
        	Conductivity (µS/cm)

        	–0.22748

        	0.477047
      


      
        	Dissolved oxygen (mg/l)

        	0.300205

        	0.343093
      


      
        	Total rainfall (mm)

        	0.040292

        	0.901058
      


      
        	Ammonia nitrogen (mg/l)

        	–0.11724

        	0.716697
      


      
        	Nitrite (mg/l)

        	0.400778

        	0.196666
      


      
        	Nitrate (mg/l)

        	–0.25463

        	0.424485
      


      
        	Phosphate (mg/l)

        	–0.10092

        	0.754996
      


      
        	TSS (g/l)

        	–0.2734

        	0.389883
      


      
        	Chlorophyll a (mg/m3)

        	0.649531*

        	0.0222585*
      

    


    Notes: *Correlation is significant at the 0.05 level (2-tailed)TDS - total dissolved solid
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      Figure 6: Monthly correlation graph between M. lyrata GI and chlorophyll a from Buntal estuary, Sarawak.

    


    DISCUSSION


    The present study on the reproductive biology of M. lyrata showed that this clam was diecious and dominated by male individuals. According to Haley (1979), the sex of bivalves was determined based on a minimum number of three genes with male and female alleles. The study suggested that bivalves with high frequencies of males consisted of a genotype distribution towards maleness. Previous work by Chu and Kumar (2008) reported that M. lyrata from Vietnam had another sex mode, which was a hermaphrodite. However, marine bivalves had the dominant diecious sex mode (Barnes 1980). Invertebrates with the diecious sexual mode had high levels of genetic variation (Zierold et al. 2009). Hence, they had a high potential to respond to environmental changes and a higher rate of survival (Nguyen et al. 2006). Moreover, environmental factors were expected to play a significant role in the sexual determination of bivalves (Morton 1991).


    Based on the histological observation, maturity was reached at an early stage, which facilitated spawning during May – June 2013 and February – April 2014. Therefore, M. lyrata in this study spawned during the second month (February) to middle (June) of the year, which indicated that the optimal conditions were present for gametes to develop and for M. lyrata to successfully propagate. According to the previous research, gametogenesis in bivalves corresponded to environmental variables, such as temperature, salinity, food, nutrients and geographic location (e.g., Saxby 2002; Philippart et al. 2003; Dridi et al. 2007; Suja & Muthiah 2007; Chu & Kumar 2008; Enriquez-Diaz et al. 2009; Serdar & Lok 2009).


    The present study recorded high GI values for males and females in June 2013 and low GI values in September 2013. The time periods indicated as the mature and spawning seasons were similar to those reported by Chu and Kumar (2008) for similar species. However, females reached a maximum GI value frequently when compared to males in the study period. This might be due to chlorophyll a concentration in the environment, which was suggested by Perez Camacho et al. (2003). The biochemical composition between different sexual modes in clams was related to the sexual maturation process (Perez Camacho et al. 2003). GI values in the present study were consistent with the chlorophyll a pattern. According to Serdar et al. (2010), the carpet clam reached maturity each month, except in November, December and January, which corresponded to low concentrations of chlorophyll a.


    The significant relationship between chlorophyll a and the GI of M. lyrata was not previously recorded in the waters of Sarawak (Son & Tung 2011). Environmental variables may have significant influences on bivalves. However, this study showed that, in tropical marine ecosystems, chlorophyll a was the most important variable influencing the reproductive pattern of diecious bivalve populations (Adjei-Boateng & Wilson 2013). Therefore, chlorophyll a was a significant form of nourishment needed by the bivalves to achieve reproductive success, as evidenced by the success of gametogenesis in the maturation and spawning stages in the presence of abundant particulate matter and chlorophyll a in the water (Perez Camacho et al. 2003; Serdar et al. 2010).


    CONCLUSION


    The reproductive biology of M. lyrata from Sarawak in the present study was dominated by males. The majority of M. lyrata matured during the early months of the year, and spawning occurred during July to September. The gamete cycle started to redevelop on October and into the early part of the subsequent year. This knowledge regarding the M. lyrata reproductive cycle and the influencing factor can help researchers and aquaculturists to select a suitable period to collect broodstock for artificial breeding and culture. Furthermore, culture development may help increase the economic value, source of protein and conservation of this species that was previously exploited in the wild by local people.
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    Abstrak: Keberkesanan racun serangga sintetik trichlorfon, lambda-cyhalothrin, cypermethrin emulsion concentrated (EC) dan cypermethrin emulsion water based (EW) serta racun serangga biologi, Bacillus thuringiensis subsp. kurstaki (Btk), telah dinilai pada 3, 7, 14 dan 30 hari selepas rawatan (DAT) bagi mengawal larva Metisa plana pada kelapa sawit (Elaeis guineensis) di Malaysia. Walaupun semua rawatan racun serangga sintetik berkesan mengurangkan populasi larva M. plana, trichlorfon, lambda-cyhalothrin dan cypermethrin EC adalah yang paling cepat bertindak. Populasi larva jatuh di bawah paras ambang ekonomi (ETL) 30 hari selepas satu pusingan rawatan bagi racun serangga sintetik. Penggunaan Btk, bagaimanapun, memberi keputusan yang kurang berkesan dengan populasi larva berada di atas ETL selepas rawatan. Dari segi produktiviti, semburan paras tanah menggunakan alatan power sprayer kurang produktif dan mempunyai luas litupan yang rendah. Teknik semburan paras tanah menggunakan peralatan power sprayer mungkin tidak sesuai untuk mengawal serangan M. plana di kawasan yang luas. Menggunakan teknik aplikasi ini seorang pekerja hanya mampu menyiapkan semburan sebanyak 2–3 hektar sehari. Oleh itu, teknik semburan paras tanah adalah disyorkan mengawal serangan perosak di kawasan yang kecil dari 50 hektar.


    Kata kunci: Metisa plana, Kelapa Sawit, Bioinsektisid, Racun Serangga Sintetik, Malaysia


    Abstract: The effectiveness of the synthetic insecticides trichlorfon, lambda-cyhalothrin, cypermethrin emulsion concentrated (EC) and cypermethrin emulsion water based (EW) and a bio-insecticide, Bacillus thuringiensis subsp. kurstaki (Btk), was evaluated at 3, 7, 14 and 30 days after treatment (DAT) for the control of Metisa plana larvae in an oil palm (Elaeis guineensis) plantation in Malaysia. Although all synthetic insecticides effectively reduced the larval population of M. plana, trichlorfon, lambda-cyhalothrin and cypermethrin EC were the fastest-acting. The larval population dropped below the economic threshold level (ETL) 30 days after a single application of the synthetic insecticides. Application of Btk, however, gave poor results, with the larval population remaining above the ETL post treatment. In terms of operational productivity, ground spraying using power spray equipment was time-consuming and resulted in poor coverage. Power spraying may not be appropriate for controlling M. plana infestations in large fields. Using a power sprayer, one man could cover 2–3 ha per day. Hence, power spraying is recommended during outbreaks of infestation in areas smaller than 50 ha.


    Keywords: Metisa plana, Oil Palm, Bioinsecticides, Synthetic Insecticides, Malaysia


    INTRODUCTION


    Malaysia is the world’s largest producer and exporter of palm oil, accounting for 52.0% of world production and 61.1% of world exports (Carter et al. 2007). The rapid development of oil plantations in Malaysia has coincided with the emergence of various pests that threaten oil palm (Elaeis guineensis) production in this country and cause substantial losses in the annual oil palm crop production (Yap 2005; Tan et al. 2008; Kok et al. 2012).


    The bagworm family (Lepidoptera: Psychidae) includes approximately 1000 described species and 300 genera distributed worldwide (for reviews, see Rhainds 2000 and Rhainds & Sadof 2009). Metisa plana Walker bagworms are sessile caterpillars that feed on oil palm leaves and use leaf pieces to cover their silken cases (Rhainds et al. 2002; Rhainds et al. 2008; Rhainds et al. 2009; Kamarudin et al. 2010). Typically, the bagworm larvae prefer the upper surface of the leaf for eating and the lower surface for resting and development (Basri et al. 1994; Basri & Kevan 1995).


    M. plana is an important pest of oil palm in Southeast Asia (Wood 1971; Basri et al. 1994; Basri & Kevan 1995; Rhainds et al. 2002; Rhainds et al. 2008, Kamarudin et al. 2010; Kok et al. 2012), and it is well-known for its destructive effect on oil palm in Malaysia (Basri 1993; Kamarudin et al. 1994; Tan et al. 2008) and Indonesia (Sudarsono et al. 2011). The bagworm can cause up to 50% defoliation of oil palm trees, resulting in severe yield loss of up to 10 tons of fresh fruit bunch (FFB) per acre (Wood et al. 1973). During the last decade, several studies have indicated that M. plana is the most serious and ubiquitous pest of oil palms in Malaysia (Norman & Basri 2007).


    Several methods have been suggested for controlling M. plana in oil palm plantations (Rhainds 2000; Koul & Dhaliwal 2002;Tan et al. 2008; Rhainds et al. 2009, Sudarsono et al. 2011; Kok et al. 2012). During population outbreaks, chemical control is the fastest and most effective method of suppressing and maintaining M. plana populations below the action threshold (Yap 2000). Application of pesticides from the ground using a knapsack sprayer is the most common way to control indicated bagworm populations, especially in young oil palm trees (Basri et al. 1988; Sudarsono et al. 2011). The organophosphate insecticides trichlorfon and chlorpyrifos and the phyrethroid insecticides cypermethrin and lambda-cyhalothrin are commonly applied as soil drenches (Basri et al. 1988; Chung 1998; Yap 2005). Rhainds et al. (2009) found that chlorantraniliprole and indoxacarb also provided effective control of bagworm populations. In their study, chlorantraniliprole had a 10-day residual effect and thus may be effective for protecting oil palms against bagworms over a sustained period. Similarly, Kok et al. (2012) found that trichlorfon (1900.0 ppm), chlorantraniliprole (50.0 ppm) and cypermethrin (75.0 ppm) provided effective control of bagworms under laboratory conditions and might prove useful for M. plana management.


    In addition, biological control using natural enemies (pathogens, parasitoids and predators) has been highlighted in modern bagworm management as an environmentally safe strategy (Basri et al. 1996; Ramlah et al. 2003; Cheong et al. 2010). Numerous biocontrol agents such as Cotesia (=Apanteles) metesae (Sankaran & Syed 1972), Cosmelestes picticeps (Hemiptera: Reduviidae) and Dolichogenidea metasae (Hymenoptera: Braconidae) (Cheong et al. 2010) were applied to control the bagworms. Although entomopathogenic fungi including Paecilomyces fumosoroseus and Metarhizium anisopliae have been shown to provide bagworm control under laboratory conditions, results under field conditions have not been reliable (Cheong et al. 2010). Numerous experiments have demonstrated that various subspecies of the bacterial pathogen Bacillus thuringiensis (Bt) have been shown to provide good control of lepidopteran pests and can provide effective control of insect pests (Koul & Dhaliwal 2002) including M. plana (Tan et al. 2008). However, results of field studies using Bt for bagworm control have been ambiguous (Ramlah et al. 2003; Tan et al. 2008). Despite previous experiments, the efficacy of Bt subsp. kurstaki (Btk) applications for the control of M. plana in Malaysia is still not well enough established to permit its recommendation as the primary control technique in oil palm estates (Basri et al. 1994; Basri et al. 1996; Tan et al. 2008; Cheong et al. 2010; Kok et al. 2012). Experiments assessing the efficacy of field applications of Bt for control of M. plana in Malaysia are urgently needed. Currently, information is lacking on the field efficacy of many biological and chemical insecticides, and primitive techniques for their application hinder the development of effective programs for managing bagworms in Malaysia (Felda Agricultural Services Sdn. Bhd. [FASSB] 2005).


    Therefore, the present study was conducted to determine the efficacy of synthetic insecticides and a bio-insecticide (Btk) applied as ground sprays for controlling M. plana populations in young oil palm fields. Furthermore, the operation cost and the efficacy of the ground sprays using power sprayer equipment was assessed.


    MATERIALS AND METHODS


    Insecticides and Bioinsecticide Field Assessments


    All field assessments were carried out in a young oil palm plantation (5 years old) located in Federal Land Development Authority (FELDA) Besout 06, Sungkai, Perak, Malaysia to determine the efficacies of the synthetic insecticides trichlorfon, lambda-cyhalothrin, cypermethrin emulsion concentrated (EC) and cypermethrin emulsion water based (EW) (Halex Sdn. Bhd., Johor Bahru, Malaysia) as well as the bioinsecticide Btk for the control of M. plana populations. The Btk was obtained from Abbott Laboratories, Chicago. The experimental design was a randomised complete block design (RCBD) with four blocks (replicates). Each block consisted of 6 plots (each plot containing 8 rows of 7 plants) with a total of 336 young palm trees (21 × 16) in a block. Two rows of palm plants were maintained as a buffer zone between plots. Treatments, dosages of active ingredient (a.i.) and dosages of insecticides and bioinsecticide used are shown in Table 1. The control plot was treated only with water. Four replicates were used for each treatment.


    Table 1: Application of insecticides used in the field trial.


    
      
        	
          Treatment code

        

        	
          Active ingredient

        

        	
          Dosage/application*

        
      


      
        	
          T1

        

        	
          Btk 17,600 IU/mg

        

        	
          0.260%

        
      


      
        	
          T2

        

        	
          Trichlorfon 95 SP%

        

        	
          0.095%

        
      


      
        	
          T3

        

        	
          Lambda-cyhalothrin EC 2.8%

        

        	
          0.003%

        
      


      
        	
          T4

        

        	
          Cypermethrin EC 5%

        

        	
          0.018%

        
      


      
        	
          T5

        

        	
          Cypermethrin EW 10%

        

        	
          0.009%

        
      


      
        	
          T6

        

        	
          Control (water)

        

        	
          Nil

        
      

    


    Notes: SP = soluble powder; *dosage recommended by manufacturer


    Insecticides were applied using a two-nozzle power sprayer with pressure of 35 kg/cm2. The time spent for the operations at each plot was recorded to determine the spraying efficiency and productivity. The power sprayer required a high volume of water to ensure a thorough coverage of the palm trees. The volume of water was standardised at 5 L per tree. Prior to application, the sprayer was calibrated to ensure satisfactory insecticide coverage of each treated palm.


    Bagworms were counted prior to the application of insecticide. Three palms were selected randomly in each plot. The middle frond of the selected palms was cut, and the number of larvae of M. plana on the sampled leaves was counted and recorded. Insecticide was then applied, and post-census counts of the M. plana populations were conducted 3, 7, 14 and 30 days after treatments (DAT). The damage in the canopy was assessed visually as a percentage.


    Data Analysis


    Percentages of M. plana larval mortality in the treated plots were corrected with the percent mortality at control plot with Schneider-Orelli’s equation (Püntener 1981) as follows:


    CM% = (percentage of mortality in C) – (percentage of mortality in T) / (100% of mortality in C)


    where CM = corrected mortality, T = treated plots and C = control plots.


    To compare the insecticides’ efficacy as well as the time of treatment used in controlling the bagworms, two-way ANOVA followed by multiple comparison tests (Tukey’s tests) were considered significant at p<0.05 (Statistical Package for the Social Sciences [SPSS Inc., Chicago] version 13) using the actual numbers of larval mortality. The operational productivity and cost for all treatments in this study were calculated to evaluate the cost-effectiveness of the control process.


    RESULTS AND DISCUSSION


    Evaluation of the Synthetic Insecticides and Bioinsecticides


    During population monitoring of bagworms at 3, 7, 14 and 30 DAT, we found that the average number of bagworm larvae per frond was significantly lower in all the treatment plots compared to the control plots. All synthetic insecticides were more effective in controlling M. plana than Btk. The two-way ANOVA results (Table 2) showed a significant difference in the mean number of M. plana of each treatment by the day of treatment (F = 5.152, p<0.05). The results of Tukey’s tests showed that all insecticides caused a significant reduction in the number of bagworms after treatment compared to the control plot. At 3 DAT, population of M. plana decline by an average of 80.00% in all the insecticide-treated plots and by 61.15% in Btk-treated plots. The lambda-cyhalothrin was the most effective insecticide, as the bagworm population dropped by 92.18%, followed by trichlorfon (87.35%), cypermethrin EW (81.70%) and cypermethrin EC (76.63%).


    At 3 DAT, the average number of bagworm larvae in trichlorfon- and lambda-cyhalothrin-treated plots was significantly different compared to the control plot (F = 4.79, p<0.05). Similarly, the larval population in all insecticide-treated plots declined after 7 DAT compared to the control plot. As expected, the average number of larvae was the highest in Btk-treated plots, indicating the lowest efficacy (68.70%). After 7 DAT, the larval population in lambda-cyhalothrin-, trichlorfon- and cypermethrin 10% EW-treated plots was reduced by 95.98%, 95.91% and 95.40%, respectively. However, cypermethrin 5.5% EC had the lowest effectiveness among the applied insecticides, as the larval population dropped only by 92.92%. At 14 DAT, the larval population of bagworms dropped significantly by >98% in all insecticide-treated plots and was reduced by 83.76% in Btk-treated plots (F = 9.94, p<0.05).


    Thirty days after the treatment, the population of bagworm larvae was remarkably low (reduction was >99%) in all insecticide-treated plots in comparison with the control plot (F = 49.74, p<0.05). At that time, the larval population of bagworm fell below the economic threshold level (ETL) (5 larvae/frond) in the plots treated with synthetic insecticide. The average number of larvae in Btk-treated plots was 23.1 larvae/frond indicating efficacy of 97.19%. This was significantly lower than the number in untreated control plots, but still higher than the economic threshold.


    Although only water was applied to the control plots, considerable mortality was reported, which was perhaps due to biotic and abiotic factors. The biotic interactions as well as environmental conditions have been shown to play important roles in regulating the larval community and suppressing the bagworm population (Basri 1993; Ho 2002). Under natural field conditions, the intraspecific competition of M. plana for the niche as well as the food source is evident, especially during population peaks (Rhainds 2000).


    Table 2: Means±SE and results of two-way ANOVA of M. plana larvae number before and after the treatments with different insecticides. The percentage of reduction in the larval population in relation to control plots is shown in parenthesis.


    
      
        	Treatment

        	
          Pre-census

        

        	
          3 DAT

        

        	
          7 DAT

        

        	
          14 DAT

        

        	
          30 DAT

        
      


      
        	Btk

        	
          821.3±10.3a

        

        	
          319.1±14.7ab(61.15)

        

        	
          257.1±14.9ac(68.70)

        

        	
          133.4±12.8a(83.76)

        

        	
          23.1±2.7a(97.19)

        
      


      
        	Triclorfon 95% SP

        	
          803.6±23.5a

        

        	
          101.6±2.3b(87.35)

        

        	
          36.9±2.1b(95.40)

        

        	
          8.6±1.6b(98.92)

        

        	
          1.2±1.1bc(99.85)

        
      


      
        	Lambda-cyhalothrin 2.8% EC

        	
          1226.1±14.3a

        

        	
          95.8±3.2b(92.18)

        

        	
          49.3±1.7ab(95.98)

        

        	
          11.6±1.4b(99.05)

        

        	
          2.8±0.3b(99.77)

        
      


      
        	Cypermethrin 5.5% EC

        	
          1197.2±18.5a

        

        	
          279.8±4.3ab(76.63)

        

        	
          84.8±5.1ab(92.92)

        

        	
          19.5±1.1ab(98.37)

        

        	
          0.3±0.1c(99.97)

        
      


      
        	Cypermethrin 10% EW

        	
          1209.4±19.1a

        

        	
          221.3±8.7ab(81.70)

        

        	
          49.4±1.3ab(95.91)

        

        	
          17.4±2.5ab(98.56)

        

        	
          3.5±0.3b(99.71)

        
      


      
        	Control

        	
          903.1±17.78

        

        	
          654.9±10.8ab(27.48)

        

        	
          562.2±10.8c(37.75)

        

        	
          448.1±7.9c(50.37)

        

        	
          83.6±3.1d(90.74)

        
      


      
        	ANOVA F-value

        	
          1.23

        

        	
          4.79

        

        	
          7.43

        

        	
          9.94

        

        	
          49.74

        
      


      
        	p-value

        	
          0.35

        

        	
          0.12

        

        	
          0.02

        

        	
          0.01

        

        	
          0.00

        
      

    


    Note: Similar letters are not significantly different based on Tukey multiple comparison test (p>0.05).


    Despite the percentage of reduction in the population of M. plana in the plot treated with Btk being high (97.19%) at 30 DAT, the population was reduced too late to prevent the severe damage of the palm leaves caused by the activity of bagworms for a long period (1 month). Our findings showed that palm trees in the Btk-treated and control plots suffered 70% canopy damage compared with only 5% in the insecticides-treated plots. According to Program Pemantauan Perosak Tanaman (PPPT 2006), untreated oil palm plots may experience from 50% to 70% canopy damage (resulting in 70% yield loss) during 2 consecutive years of bagworm infestation. Consequently, it was suggested that failure to reduce the bagworm population below the ETL after 30 DAT of infestation might cause continuous outbreaks.


    In the present study, we found the ground spraying of all insecticides was an effective application technique to control this pest in the field in single round of treatment, especially after 30 DAT. All synthetic insecticides including trichlorfon, cypermethrin and lambda-cyhalothrin were effective against bagworm through ground spraying, as they reduced bagworm populations below the ETL at 30 DAT (<5 larvae/frond). This was in agreement with the findings of Chung (1998), who reported that trichlorfon and cypermethrin efficiently reduced bagworm populations below the ETL at 30 DAT in an oil palm plantation in Selongor, Malaysia. Similarly, Syed and Salleh (1991) demonstrated that application of trichlorfon at the rate of 1 kg (95%) per hectare was very effective to control M. plana larvae in a single treatment. Furthermore, Kok et al. (2012) found that trichlorfon (1900 ppm), chlorantraniliprole (at 50 ppm) and cypermethrin (at 75 ppm) was the fastest-acting insecticides on M. plana larvae under laboratory conditions.


    However, single treatment using Btk did satisfactorily control M. plana larvae compared to the synthetic insecticides. Application of Btk was not efficient to reduce the larval population below ETL, suggesting that Btk is not an effective control method for high-density infestations of M. plana (>50 larvae/frond). Otherwise, regular application of Btk is required to reduce the population below ETL. Under laboratory conditions, Tan et al. (2008) found high larval mortalities (70%–100%) when treated with Btk at concentrations from 20 to 100 ppm after 7 DAT. In contrast, Kok et al. (2012) found that Btk at 324 ppm was the slowest-acting insecticide to control M. plana larvae under laboratory conditions. Thus, the results obtained from laboratory and field assessments may show conflicting results due to variability in the application conditions and the ambient environment. Further studies are urgently needed to optimise the application conditions of Bt for effective control of bagworm larvae in oil palm plantations.


    Operational Productivity and Cost


    The productivity of the ground spraying technique was estimated based on the time consumed per application, which was an average of 6.92 h (4.50 h/ha) (Table 3). A field team of 3 workers sprayed approximately 2 hectares per man-day. Arundi (1971) suggested that the productivity of ground spraying could be increased to 8 hectares per team-day at the spray volume of 280 L if a mist-blower (Conomist®) is used. This air-blast mist blower has been reported to cover 15 to 20 hectares per day at a spray volume of 150 to 250 L per hectare depending on ground conditions, palm height and canopy thickness (Chung 1998).


    Cypermethrin EC appeared to be the cheapest chemical insecticide, followed by lambda-cyhalothrin and cypermethrin EW, Btk and trichlorfon to control M. plana larvae (Table 4). Moreover, all these insecticides provided reasonable results and were suggested for the control of M. plana at 14 DAT to 30 DAT using the ground spraying technique. Our findings were in agreement with the results of Chung and Narendran (1996) and Kok et al. (2012), who reported that cypermethrin was the most cost effective treatment against bagworm infestation.


    In contrast, the application of trichlorfon was the most expensive treatment among the insecticides tested. Similarly, Chung (1998) found also that trichlorfon was more expensive than other treatments such as cypermethrin and cyhalothrin. However, a survey conducted by Basri et al. (1988) on 49 plantations in peninsular Malaysia showed that trichlorfon was the most commonly used insecticide for ground spraying in Malaysia for controlling bagworm infestations. Basri and Norman (2002) reported that the cost of Bt application by using the MPOB SRBT1 product was only RM 90 per treatment; however, the cost could be doubled if a follow-up treatment were needed.


    Table 3: Operational productivity of the ground spraying technique to control the M. plana in oil palm plantation based on the time consumed per application.


    
      
        	Replicate

        	
          Spray duration (hour)

        
      


      
        	
          Per application

        

        	
          Per hectare*

        
      


      
        	R1

        	
          7.00

        

        	
          4.55

        
      


      
        	R2

        	
          7.33

        

        	
          4.77

        
      


      
        	R3

        	
          6.67

        

        	
          4.33

        
      


      
        	R4

        	
          6.67

        

        	
          4.33

        
      


      
        	Total (hour)

        	
          27.67

        

        	
          17.98

        
      


      
        	Mean (hour)

        	
          6.92

        

        	
          4.50

        
      


      
        	SE

        	
          0.28

        

        	
          0.18

        
      

    


    Note: *Estimated calculation based on 130 palms/hectare.


    Table 4: Cost estimation of insecticide application to control M. plana in oil palm plantation using the ground spraying technique.


    
      
        	Treatments

        	
          Dosage/ ha

        

        	
          Cost (in RM)/ha

        
      


      
        	
          Price

        

        	
          Labour*

        

        	
          Consumables**

        

        	
          Total cost

        
      


      
        	Btk

        	
          0.80 L

        

        	
          40.00

        

        	
          45.00

        

        	
          15.40

        

        	
          100.40

        
      


      
        	Trichlorfon

        	
          1.63 kg a.i.

        

        	
          97.80

        

        	
          45.00

        

        	
          15.40+17.00

        

        	
          175.20

        
      


      
        	Lambda-cyhalothrin

        	
          0.65 L

        

        	
          28.60

        

        	
          45.00

        

        	
          15.40+17.00

        

        	
          106.00

        
      


      
        	Cypermethrin (EC)

        	
          2.21 L

        

        	
          23.21

        

        	
          45.00

        

        	
          15.40+17.00

        

        	
          100.61

        
      


      
        	Cypermethrin (EW)

        	
          1.10 L

        

        	
          33.00

        

        	
          45.00

        

        	
          15.40+17.00

        

        	
          110.40

        
      

    


    Notes: RM = Ringgit Malaysia (1 $USD = RM 3.20, 2012); ha = hectare; a.i. = active ingredients; L = litre; *labour cost RM 15.00 for each worker per day; **consumable cost + stickers.


    CONCLUSION


    We found that the application of trichlorfon, cypermethrin and lambda-cyhalothrin at recommended doses were all effective insecticides to control M. plana larvae in an oil palm plantation in Malaysia. In general, insecticide application using the ground spraying technique effectively suppressed larval population of M. plana. The application of Btk gave unsatisfactory results and is not suggested for reducing the larval population of M. plana below the ETL. Ground spraying using a power sprayer with a high volume of water was not appropriate for Btk application. In addition, the ground spraying technique using a power sprayer was of low productivity and consumed more time. This technique is not appropriate for controlling bagworms in large areas. Thus, ground spraying using a power sprayer is recommended only in infested areas (less than 50 ha). The Btk treatment was the most cost-effective control, but was not adequately effective against M. plana in a single treatment. Follow-up treatments were suggested to reduce the larval population below the ETL. However, follow-up treatments are not cost-effective due to increased treatment cost. Further laboratory and field studies are urgently needed to improve bagworm control on oil palm plantations. Several procedural parameters (applied concentrations, the delivery of active ingredients, spraying techniques and environmental conditions) remain to be optimised in future studies of Btk in the management of M. plana.
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    Abstrak: Burung-burung penting untuk mengekalkan keseimbangan ekosistem dengan membekalkan pelbagai servis ekologi. Kepelbagaian burung-burung and perseikatan pemakanan dalam pelbagai jenis guna-tanah telah dikaji di selatan-tengah Mindanao untuk menjelaskan kesan-kesan gangguan dan pengubahsuaian habitat komuniti burung. Kaedah bilang titik telah digunakan untuk mengenal pasti burung-burung dalam tiga jenis habitat: i) hutan agro; ii) sawah padi; iii) jalan raya dan kawasan yang mengalami gangguan yang teruk. Sebanyak 1114 burung telah dilihat dan direkodkan, termasuk 33 spesies daripada 24 famili; daripada ini, 3 merupakan spesies endemik Filipina, dan 5 merupakan spesies pehijrah. Daripada semua jenis habitat, diversiti spesies yang tertinggi telah dijumpai di hutan agro (1/D = 16.148), dan yang terendah direkodkan daripada jalan raya dan kawasan yang mengalami gangguan yang teruk. Komposisi spesies hutan agro lebih mirip dengan sawah padi berbanding dengan kawasan yang mengalami gangguan yang teruk, seperti jalan raya. Sifat-sifat tumbuhan dan ketersediaan sumber makanan mungkin penting untuk kepelbagaian spesies di setiap habitat seperti yang terbukti oleh kekayaan spesies frugivor dan insektivor yang tinggi di hutan agro dan sawah padi, masing-masing, yang mempunyai sumber makanan yang banyak. Pencerapan terhadap Streptopelia tranquebarica merupakan rekod baru untuk Mindanao, dan secara spesifiknya ia ditemui di sawah padi. Maka, kajian ini menunjukkan bahawa perubahan guna-tanah mungkin boleh mengubahsuai struktur kepelbagaian burung, dan pengekalan tumbuhan dalam jenis guna-tanah sebagai makanan dan sumber, dan sebagai habitat penting untuk pemuliharaan spesies-spesies burung natif dan penting secara ekologi di selatan-tengah Mindanao.


    Kata kunci: Hutan Agro, Avifauna, Pemuliharaan, Perseikatan Pemakanan, Frugivor


    Abstract: Birds are crucial to maintaining the balance of many ecosystems by providing various ecological services. The diversity of birds and their feeding guilds in different land-use types were investigated in south-central Mindanao to elucidate the effect of disturbance and habitat modification on bird communities. Point count method was employed to identify birds in three habitat types: i) agroforests; ii) ricefields; iii) roads and heavily disturbed areas. A total of 1114 bird sightings were recorded that included 33 species of 24 families; of these, 3 were Philippine endemics, and 5 were migrant species. Among all of the habitat types, the highest species diversity was found in agroforests (1/D = 16.148), and the lowest was recorded from roads and heavily disturbed habitats. The species composition of agroforests was more similar to ricefields than to areas with high levels of disturbance, such as roads. The characteristic of the vegetation and the availability of food resources may be vital to the diversity of birds in every habitat as evidenced by the high species richness of frugivores and insectivores in agroforests and ricefields, respectively, where food source is largely available. The observation of Streptopelia tranquebarica was a new record for Mindanao, and it was particularly sighted in ricefields. Therefore, this study indicates that land-use change and modification may alter bird diversity structure, and the maintenance of the vegetation in land-use types as food and resource, and as habitat is essential to the conservation of the native and ecologically-important bird species in south-central Mindanao.


    Keywords: Agroforest, Avifauna, Conservation, Feeding Guild, Frugivores


    INTRODUCTION


    The Philippines is one of the most biodiverse countries in the world and its tropical rainforests are among the richest in Southeast Asia with exceptional species diversity and a high number of endemic species (Heaney 1993). However, the conversion of tropical rainforest into agricultural lands has resulted in the local and regional extinction of many species (Myers 1988). Lowland forest in the Philippines has decreased by about 90%, and approximately 94% of the total land area of the Philippines was once covered by forest. By the end of World War II, forest cover had been reduced to 40%, and current estimates range from 25% to less than 20% (Utzurrum 1991; Carandang 2005; Forest Management Bureau 2013).


    The country’s vast archipelago harbours more than 700 known species of birds, but the number continues to increase as a result of numerous sampling and survey expeditions. The natural habitat of most of the country’s birds is tropical forest; 67% of Philippine birds spend their entire life or part of their life in forest. However, much of the tropical forest in the Philippines has been cleared for logging, mining, and agriculture as well as for industrial and development purposes (Birdlife International 2012).


    Birds are present in various of habitat types and are among the important groups that play a vital role in both the structure and function of ecosystems by providing numerous ecological benefits, such as seed dispersal, the facilitation of forest restoration (et al. 2007), the pollination of many tropical plant species, and pest control services through the consumption of insects (Philpott et al. 2009; Sekercioglu 2012) and small rodents, which can devastate hectares of agricultural products. Thus, birds are an ideal study group for the valuation of ecosystem services (Wenny et al. 2011).


    Although less than 1% of the world’s bird species prefer agricultural areas as their primary habitat, nearly a third of all bird species use such habitats occasionally (Sekercioglu et al. 2012). Some agroecosystems can also harbour a substantial portion of the biodiversity found under the original land cover (Vandermeer & Perfecto 1997) and can buffer and complement protected areas (Curran et al. 2004). For example, areas planted with rice (Oryza spp.) are also used by a wide variety of bird species during the non-growing season and play an important conservation role in many parts of the world (Elphick et al. 2010).


    The environmental impacts on birds are typically assessed by recording changes in the population density, abundance or distribution of species in different habitat types (Temple & Wiens 1989), and the primary objective of this study is the determination of the avifaunal species assemblage and its status in different land-use types in south-central Mindanao, Philippines. This paper aims to i) identify bird species to the lowest possible level of taxonomic classification in three different land-use types (agroforests, ricefields and roads); ii) determine and compare the species diversity, conservation status and endemism of the different habitats; and iii) relate species diversity to the extent of disturbance in different habitats.


    MATERIALS AND METHODS


    The Study Site


    This study of avifaunal diversity and the feeding guilds in different habitats was conducted on a 1024-hectare campus of the University of Southern Mindanao in south-central Mindanao (Fig. 1). The study site was chosen for its variety of habitat types, which include agroforests, orchards, ricefields and heavily disturbed habitats (roads and buildings). Additionally, the elevation is uniform among the habitat types, so the influence of elevation on bird diversity was excluded from the analysis. The elevation of the study site ranges from 33 to 60 masl with an annual mean temperature of 27.48°C and mean rainfall of 1980 to 2500 mm/year (World Climatic Database 2014). Each of the habitat types are unique in terms of floristic composition and level of disturbance, so each of the land use types were described accordingly.


    
      [image: art]


      Figure 1: Map of the study site in lowland south-central Mindanao, Philippines. Note: Map generated using QGIS v. 2.2.

    


    Agroforest


    The agroforest habitat (7° 6′ 36.558″ N, 124° 50′ 51.331″ E) is characterised as former secondary forest mixed with vegetation dominated by fruit-bearing trees including lanzones (Lansium domesticum), pomelo (Citrus maxima), durian (Durio sp.), rambutan (Nephelium lappaceum), chico (Achras zapota) and papaya (Carica papaya). Corn (Zea maize) and banana (Musa paradisiaca) are present at the edges of orchards, such as for chico and lanzones, and patches of cogon (Imperata cylindrica) cover some of the area, especially the edges of cornfields, while mahogany (Swietenia mahogani) covers some sections of the manmade paths.


    Ricefields


    The ricefield habitat (7° 7’ 10.324” N, 124° 49’ 22.979” E) is surrounded by oil palm (Elaeis guineensis), coconut (Coco nucifera), acacia (Samania saman) and other types of vegetation, such as shrubs, ferns and grasses. Other areas of the ricefields are dominated by corn (Z. maize) and mango trees (Mangifera indica). Three cropping seasons occur each year with growing seasons of 2.5 to 3.0 months, and the sampling period began with the start of the harvest season and ended during early field preparation, in which field flooding and soil ploughing occur. During the growing season, pesticides and herbicides were used to prevent insects and weeds from inhibiting crop growth.


    Roads and Heavily Disturbed Areas


    Heavily disturbed habitats (7° 6′ 59.784″ N and 124° 49′ 59.073″ E) are primarily represented by roads and areas with infrastructure, such as buildings, parks, canteens, hospitals, dorms and cottages on the campus, where human disturbance is very high and visible. Vehicles and motorcycles are also found in the study site. Trees, such as mahogany and oil palm (E. guineensis), have been planted along road edges, which are dominated by tall grasses such cogon (I. cylindrica) and other grasses and sedges.


    Sampling Methods


    Birds were observed through point count method as described by Sutherland et al. (2004). At least 15 points were established along existing manmade or natural trails in each habitat with approximately 200 m of linear distance between them. Every point was observed for 20 minutes beginning between 5:30 and 7:30 in the morning and between 3:30 and 5:30 in the afternoon, when the birds are usually most active. All of the birds that were perceived visually or detected through calls within 30 m of the observer were counted. The researchers walked at a slow and constant speed to ensure proper, non-biased observations, and binoculars, tablets, DSLR cameras and photographic field guides were used to confirm the observations. All observations were recorded on the field.


    The observed birds were identified based on their morphology, behaviour and calls according to Kennedy (2000) and Fisher and Hicks (2006), and the ecological status, i.e., endemism, of the identified birds was determined using the same field guides. Conservation status was determined using the data provided by the International Union for the Conservation of Nature (IUCN 2014), and the published literature and field guides were used to determine the feeding guilds of the identified species.


    Birds Species Diversity


    The relative abundances of the bird species (%) were calculated using the equation N/n, where N is the species × the total number of individuals captured, and n is the total number of all species. Relative abundance of species and relative abundance of all species per land-use type were measured, and the avifaunal diversity in each habitat was compared using the reciprocal form of Simpson’s index (1/D) as 1/D = Σpi2 (where 1/D = reciprocal of Simpson’s D; Σpi2 = abundance of the common genera; pi = the proportion of the individual in the ith species) and calculated using Biodiversity Pro 2.0 software (McAleece et al. 1997). Furthermore, Bray-Curtis (single-link) cluster analysis was used to determine the percent similarity of the bird communities among the different land-use types in terms of diversity and foraging structure.


    RESULTS


    Diversity of Birds in Different Land-use Types


    The point count method was employed to identify the bird species from three habitat types: i) agroforests; ii) ricefields; iii) roads and heavily disturbed areas. A total of 1114 individuals of 33 species from 24 families were recorded (Table 1). Of the 3 habitats, the highest percentage of individual sightings was in the agroforest, comprising the 44.16% of the total number of individuals, followed by ricefields (40.57%) and roads (15.26%).


    In the agroforests, a total of 497 individuals belonging to 27 species were recorded; Pycnonotous goiavier was the most frequently recorded species, representing 13% of the total sightings, followed by Hirundo tahitica (11.79%) and Geopelia striata (7.52%). Some species, such as Diceaum australe and Muscicapa sp., were only recorded in the agroforest habitat. In the ricefields, a total of 452 individuals were recorded representing 25 bird species. Ardeidae and Columbidae were the most well-represented families with 3 species each (11%) followed by Estrildidae and Hirundidae with 2 species (7%), and the rest of the families were each represented by a single species (3%). Of all of the species recorded in the area, H. tahitica (16.37%) was the most abundant of the recorded species. The area with the fewest individuals and species was the heavily disturbed habitat represented by roads; a total of 170 individuals and 22 species were recorded in this area. Columbidae was the most species-rich family with four species, namely, Chalcophaps indica, G. striata, Phapitreron amethystinus and Spilopelia chinensis. Two species, Collocalia esculenta and Aplonis payanensis, were the most often sighted species and represented 14.70% of the total number of individuals. Bird species diversity was determined by species dominance; the reciprocal form of the Simpson’s diversity index (1/D) was employed to measure the diversity of birds recorded from the three land-use types. The most diverse habitat was the agroforest (1/D = 16.146) followed by the ricefields (1/D = 13.934) and finally the roads and heavily disturbed habitat (1/D = 12.579), and this result was further supported by the degree of community similarity among the habitats. Using Bray-Curtis cluster analysis (Fig. 2), greater similarity was found between agroforests and ricefields in terms of species composition compared to areas with high disturbance and human encroachment, such as roads. The result of this investigation also demonstrated that as the structure of the vegetation changed and the amount of disturbance increased, the abundance of bird sightings also decreased. Fifteen species (45.46%) were common in all three habitat types, namely, A. payanensis, Artamus leucorynchus, C. esculenta, Corvus cf. macrorhynchos, G. striata, Halcyon chloris, H. tahitica, Lanius cristatus, Lonchura atricapilla, Padda oryzivora, Passer montanus, P. goiavier, Rhipidura javanica, Stigmatopelia chinensis and Tachycineta bicolor.


    Table 1: Bird species recorded from three land-use types in lowland south-central Mindanao, Philippines.
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      Figure 2: Similarity of species composition among three habitat types in lowland south-central Mindanao, Philippines.

    


    Of the 33 species recorded from the different habitat types, 3 species were Philippine endemics, namely, P. amethystina, Centropus viridis and Dicaeum australe. C. viridis is an endemic Philippine coucal, and it was only recorded in two habitat types, roads and agroforest. This species can be found alone or in pairs in a wide variety of habitats from grassland, mixed cultivation, secondary growth and primary forest up to 2000 masl. Coucals are shy and hard to see except when they are perching in the open or on the tops of grasses or small trees, and they have an undulating flight pattern and skulk through dense vegetation (Kennedy 2000). The columbid P. amethystina is an endemic dove species; it can be found in lowlands but prefers middle and higher elevations from 500 to 2000 masl in primary and secondary forest (Kennedy 2000). In the study site, it was recorded in flocks or in pairs in trees along roads and deep inside the agroforest. The endemic Philippine flowerpecker, D. australe, was only recorded foraging in the agroforest habitat, and according to Kennedy (2000), this species dwells in the canopies of forests, forest edges, secondary growth, and shrubs and fruiting tress in open country. It occurs singly or in groups and mixed flocks, usually below 1000 masl. Based on the data collected in this study, no endemic species were recorded in the ricefields, but wetland and migrant species such as Ardeola speciosa, Bubulcus ibis, Egretta garzetta and Tringa stagnitilis were found foraging in the ricefields. The occurrence of T. stagnitilis, a rare migrant in the Philippines, is noteworthy; this species was observed in a flock feeding on insects in the paddy of a ricefield. Another noteworthy finding is the new Mindanao record of Streptopelia tranquebarica, which had previously only been known to occur in Bataan, Calayan, Lubang, Mindoro and Luzon (Kennedy 2000) but was recorded foraging in the ricefields in the study site.


    The conservation status of the bird species was assessed using the latest information available from the IUCN Red List. Of all of the recorded species, only one was determined to be threatened; P. oryzivora is considered to be Vulnerable by the IUCN Red List (IUCN 2014). According to the IUCN, this species is endemic to the islands of Java, Bali and probably Madura, Indonesia, but it has been widely introduced. Its population had been increasing, but extensive trapping for the domestic and international caged bird trade has probably been underway for centuries, reaching a peak in the 1960s and 1970s, and is the main cause of the population decline. The tendency of the species to flock, particularly at roost sites, renders it especially susceptible to mass trapping, and even feral populations, which were originally introduced through trade, have been decimated. In this study, this species was recorded in all of the habitat types.


    Avifaunal Foraging Structure


    A feeding guild is a group of species that exploits similar food resources in a habitat, and its characterisation is usually based on the type of food being consumed, which in turn determines the feeding behaviour of the different bird species and the availability of food resources. Foraging guilds can be a useful way to compare changes between species-rich communities because their functional organisation can be investigated even if no species are shared (Terborgh & Robinson 1986). Five types of feeding guild were identified in the study area: carnivore, frugivore, insectivore, granivore and nectarivore. The entire community and all 3 of the habitats were dominated by insectivores with 36% in agroforests, 30% in ricefields and 24% in heavily disturbed habitats (Fig. 3). A. leucorynchus, C. esculenta, G. striata, H. tahitica, L. cristatus, R. javanica and T. bicolor were the most common insectivore species occurring in the study site.


    The similarity in feeding guild structure was greater between agroforests and ricefields with 79.98% similarity compared to roads (51.76%) (Fig. 4). Frugivorous bird species were most abundant in agroforests and roads with five species (15%) in each habitat, and the most abundant frugivores in the agroforest habitat were P. goiavier and A. payanensis; these species were observed foraging in fruiting trees with small and ripe fruits. Along roads, A. payanensis was the most abundant frugivore, constituting 14.75% of the total number of observations. This species was observed perching on wooden posts besides roads and other types of infrastructure in urban sites. The fewest number of frugivore species, two (6%), was recorded in the ricefields, but carnivorous species were primarily observed in the ricefields. The most abundant carnivorous species were E. garzetta (8.85%) followed by B. ibis (6.64%) and H. chloris (4.42%), and the large carnivores Haliastur indus and C. macrorhynchos were observed hovering and foraging in rice fields on small vertebrates, such as rodents. Two species of carnivores were recorded in both the agroforests and roads. H. chloris (5.9%) and E. garzetta (3%) were the most abundant carnivores in the agroforest habitat and roads, respectively, but the E. garzetta observation may be accidental as there was only a single sighting throughout the duration of sampling. Species from the Estrildidae family dominated most of the granivore species; P. montanus was the most abundant and dominant species in the rice fields and was followed by L. atricapilla and P. oryzivora, all of which were present in all three habitats. Three additional granivores were the dove species, G. striata, Stegmatopelia chinensis and S. tranquebarica. Moreover, only two species of nectarivorous species were recorded; D. australe was only recorded in the agroforest habitat, and Nectarinia jugularis was recorded in both the agroforest and along roads. Both species were absent from the rice fields.


    DISCUSSION


    The results of this study suggest that higher bird diversity is found in agroforests than in ricefields and roads, which conform to the conclusions of Azman et al. (2011) concerning the structure of bird communities in different habitat types; bird diversity is higher in areas with high vegetation diversity, such as primary and secondary forests. The agroforest examined in this study is described as a mixture of tall, large fruit-bearing trees with a wide canopy cover, and the greater diversity of birds in this habitat may be influenced by the presence of important resources that allow birds to tolerate disturbance due to land use change. Most of the species identified in this habitat were residents, and few were forest-dependent. However, although it contains some endemic species, the diversity of the habitat is still very low compared to the forest habitats in the region (see Achondo et al. 2011, 2014). Of all of the bird species recorded, Pycnonotus goiavier was the most abundant, and this species belongs to the Pycnonotidae family, a group important to forest restoration due to their efficient seed dispersal activity in lowland forests (Sritongchuay et al. 2014). The overall result of this study agrees with the findings of Harvey and Villalobos (2007) that agroforests contain bird assemblages that are as abundant, species-rich and diverse as natural forest ecosystems. However, the structure of the community was highly altered with fewer forest-dependent species and different dominant species, so bird diversity is more closely related to the structural and floristic characteristics of the different land use types. One of the important benefits of agroforests to biodiversity is the provision of habitat for tolerant species and corridors that connect different habitats (Jose 2009). Birds plays a vital role in seed dispersal and forest recovery in agroforest ecosystems in that they increase seed deposition, which can result in high seedling regeneration of species that have not been locally present in previous years (Lozada et al. 2007). According to Van Bael et al. (2007), the presence of large tress in an agroforest habitat provides important breeding niches and food resources for many bird species, and this may influence the high diversity of birds in the habitat. Almazán-Núñez et al. (2015) found that bird abundance was higher in natural forests in the dry season, and the high species richness of dispersers and seed predators was positively correlated with vegetation complexity. Waltert et al. (2005) also found that young secondary forests and agroforests sustain high numbers of bird species that are similar to adjacent, near-primary forest. Greater conservation value has been found in agroforest habitats than in crop monocultures, and traditional agroforestry systems are often complex and more supportive of diversity than monocultures. However high levels of wild biodiversity may often depend on proximity to natural habitat, which is still most favourable to many wildlife species, such as birds (Mcneely & Schroth 2006; Harvey & Villalobos 2007). Forests and agroforests that have been replaced with simplified agricultural systems will shift towards less specialised bird communities with altered proportions of functional groups (Sekercioglu 2012). Furthermore, the proximity of agroecosystems to natural forest is vital to the maintenance of bird diversity and ecological function (Tscharntke et al. 2008).
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      Figure 3: Bird abundance in terms of feeding guild in different land-use types in lowland south-central Mindanao, Philippines.
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      Figure 4: Similarity of the feeding guilds in different land-use types in lowland south-central Mindanao, Philippines.

    


    Following agroforests, the ricefield habitat was the second most diverse habitat in terms of birds. The similarity index between agroforest and ricefields was 79.91%, and the birds recorded in rice fields included wetland and migrant species such as A. speciosa, B. ibis, E. garzetta, L. cristatus and T. stagnatilis. Ricefields function as temporary wetlands with conditions that change drastically over the course of the year. This habitat type is essential for many bird species; it provides valuable and suitable habitat for the foraging and breeding activities of various kinds of bird species including migrants (Tourenq et al. 2001). Seasonal change is one of the temporal effects on the habitats used by bird species (Tourenq et al. 2001) such as T. stagnatilis, which utilises ricefields for foraging and breeding during the post-harvest season and field preparation. This species inhabits warm inland wetlands from open steppes to boreal forests including shallow freshwater and grassy or marshy lake edges (Kennedy 2000; Birdlife International 2012). In this study, flocks of T. stagnatilis were found feeding on many serious ricefield paddy pests, which further suggests that the post-harvest season and field preparation can result in important surges in prey availability for birds. According to Comin et al. (2001), wetland birds prefer habitats with intermediate plant cover for resting and sleeping rather than ricefields or very open or very dense wetlands with tall vegetation. However, ricefields play an important role in mitigating the impact of wetland modification on many bird species, but no legal protections for this habitat type have been proposed (Sanchez-Guzman et al. 2007). Additionally, ricefields serve as refuges for wetland birds during years when marshes and other wetlands are dry (Tourenq et al. 2001). Farming strategies and ricefield cultivation may also affect the presence and diversity of wetland bird species (Tourenq et al. 2001). Wood et al. (2010) stated that traditional practices with one crop per year and long periods of fallow flooding may be beneficial to many important species. In contrast, modern intensive farming with multiple cropping seasons and high chemical usage may be implicated in the decline of biodiversity. Moreover, flooded fields apparently provide foraging habitat that is equivalent to semi-natural wetlands with reduced predation, making it a safer habitat for many wetland birds. Therefore, if ricefields are managed properly, they can be a valuable agricultural habitat for many wetland birds (Elphick 2000), and for migrant species, such as E. garzetta, A. bacchus, and B. ibis, ricefields are important feeding, stopover and wintering sites (Acosta et al. 2010).


    To further determine the structure of bird communities related to the modification of habitat types, roads and heavily disturbed habitats were assessed. The lowest species diversity was found in this habitat type with 51% similarity to the agroforests and ricefields. The increasing prevalence of roads is one potential contributor to the worldwide decline in bird populations (Kociolek et al. 2011). The study by Palomino and Carrascal (2007) revealed that proximity to urban sites does not affect the total bird species richness in natural habitats, which conforms to the results of this study. However, bird abundance increases with a reduction in the distance to the nearest urban development. Studies of bird diversity in cities and urbanised landscapes have revealed significant impacts on bird species richness and relative abundance (Gatesire et al. 2014), and increasing diversity from more to less urbanised areas has also been observed in previous studies (Clergeau et al. 1998). Road density has also been found to influence bird communities (Minor & Urban 2009), and the availability of food resources along roads and in urbanised habitats is an important factor that can explain the low diversity in our study. Further, to mitigate the negative effects of urbanisation, the use of native vegetation is recommended in urban sites, such as roads and buildings (Mills et al. 1989), and edge effects might be partially mitigated through vegetation management and restoration (Kociolek et al. 2011).


    As a whole, the most commonly encountered species among the habitats were as follows: C. esculenta, G. striata, H. tahitica, L. malacca, N. jugularis, P. montanus, P. goiavier, R. javanica and T. bicolor. These birds are mostly associated with human communities and some are generalist feeders. Their characteristics allow them to easily adapt to their environments, so they are of lower risk of extinction (Blair 1996). Very low endemicity was noted in the agroforest with only three Philippine endemic species (9%) recorded, and only two endemic species were recorded along roads with no endemic records from the ricefields. Both P. amethystina and D. australe are usually found in primary and secondary forest as well as fruiting and flowering trees from 2000 masl in elevation and below while C. viridis usually prefers grasslands, mixed cultivated areas, forests and secondary growth (Kennedy 2000). However, the majority of the species were residents (64%), such as A. payanensis, H. tahitica, G. striata, T. bicolor and L. atricapilla. According to Paz et al. (2013), more endemic species are present in advanced secondary and old growth forests, and island-endemic birds are thought to seldom use disturbed habitats, such as plantations and agroforests, due to the evolution of specialised morphological and behavioural characteristics, which results in a preference for specific natural forest resources. However, the presence of tropical trees in land use types is important for the maintenance of many resident bird species (Waltert et al. 2005), and agroforests can still support a high number of endemic species. A study in central Sulawesi (Abrahamczyk et al. 2008) revealed that agroecosystems, particularly cacao plantations, may maintain highly diverse forest tree cover, which when properly managed can harbour up to 60% of the forest specialists and endemic birds species. Given the importance of habitat structure, vegetation and levels of human disturbance may be important determinants of endemic bird diversity, species richness and abundance.


    Feeding Guilds


    The foraging habits of the identified birds were assessed to explore the variation in avifaunal composition among habitat types; according to Pearman (2002), variation in vegetation structure affects the distribution of bird foraging guilds. Five feeding guilds were assessed by the study and insectivores were the most dominant group. The insectivorous feeding guild was mostly composed of species from families Apodidae and Hirundidae, such as C. esculenta and H. tahitica, respectively. In the ricefields and agroforests, the insectivore H. tahitica was the most abundant species, and insectivorous species diversity was found to be greater in agroforests compared to monoculture crops and heavily disturbed habitats, such as ricefields and roads, respectively. According to Blake and Loiselle (2001), insectivores are often found to be the most species rich and abundant in tropical forests, which supports the findings of Rajashekara and Venkatesha (2014), who found greater numbers of insectivores in agroforests. The availability of a variety of food sources for both adults and young and safe habitats for nesting and roosting in and around agroecosystems are important for the occurrence and abundance of insectivorous species. On the one hand, insectivores in agroforests provide benefits to farms by reducing the populations of insect pests in agricultural habitats, which further enhances the conservation value of farms for birds and other wildlife species (Johnson et al. 2010). Laurance et al. (2004) further stated that, even without the noise and traffic, roads have greatly affected populations of insectivorous bird species, which is consistent with the low insectivore abundance and richness found along roads in the study site.


    Next to insectivores, carnivorous birds were the second most abundant group, particularly in ricefields. The most abundant species were E. garzetta and B. ibis, which conforms to the findings of Munira et al. (2014) that carnivorous species are abundant before the harvest season in northern Peninsular Malaysia. The presence of a high number of carnivorous species in ricefields was primarily influenced by the abundance of food sources, such as small frogs, fish, molluscs and small vertebrate species. Stafford et al. (2010) stated that the abundance of carnivorous bird species in ricefields may be due to the large quantity of food resources, such as polychaetes, crustaceans and mollusks, in the rice plots during the migration season. Furthermore, King et al. (2010) noted that the rice fields in many countries support large numbers of migratory waterbirds and may be important for many species.


    During the rice-growing cycle, fields have been found to be most important to carnivorous birds during the sowing stage, whereas post-harvest flooded fields are most valuable for granivorous species (Acosta et al. 2010). This is supported by the results of this study in which greater granivore species richness was found in ricefields compared to other habitat types, and the most abundant granivore species include G. striata, L. atricapilla, P. oryzivora, P. montanus and S. chinensis. Columbids, such as G. striata and S. chinensis, were commonly observed on the ground and in grassy habitats were they would pick grains from plant sources such as rice and grasses. P. montanus is a species that is known to occur throughout the year in ricefields and habitats inhabited by humans, and L. atricapilla was once considered to be the national bird of the Philippines and is usually found in flocks consuming grains and seeds in ricefields, grasslands and open country. Both species (P. montanus and L. atricapilla) are considered to be pests by local rice farmers in the Philippines (Kennedy 2000). Moorcroft et al. (2002) concluded that fields left fallow after harvest (i.e., stubble fields) support high wintering densities of many species of granivorous birds, and they emphasised that variation in the abundance and availability of weeds affects the diversity of granivorous species. Furthermore, the presence of a high diversity of granivores in a habitat indicates habitat disturbance (Gray et al. 2007).


    More frugivorous birds were found in agroforests compared to ricefields, and the abundance of the available food resources in the agroforest is one reason for the high species richness in the habitat. The abundance and richness of fruiting plants is important and associated with the diversity of frugivorous bird species and foraging behaviours in certain habitat types (Moegenburg & Levey 2003). The related findings of Blake and Loiselle (1991) that the capture rate of frugivores in primary forest is generally greater during periods when fruit is abundant, and the presence of species belonging to the family Sturnidae, Pycnonotidae, Columbidae and Oriolidae is a good indicator of forest regeneration in semi-degraded/disturbed habitats such as agroforest. The tolerance of frugivorous species to degraded landscapes is important during initial forest succession and restoration in tropical regions (Herrera 1984; Corlett 1998). Finally, nectarivores were the least abundant in all of the habitats and were absent in ricefields. In the agroforest habitat, two species were recorded including the endemic flowerpecker D. australe, and the presence of a nectarivore in an agroforest may be explained by the availability of flowering resources and the seasonality of flowering. Fleming (1992) emphasised that the structure and composition of avian communities changes in space and time with the availability of food resources, and variation tends to be most visible among bird species that feed on patchy and temporary food resources, such as nectar and fruit. Waltert et al. (2005) found fewer species of nectarivores in agroecosystems as the intensity of land modification increased. Cotton (2006) added that the abundance and diversity of nectarivores are correlated with an increase in nectar availability. In this study, the nectarivores were the least abundant and most poorly documented guild; Loiselle (1988) noted that nectarivores are difficult to observe because of their small size and are likely underestimated relative to other guilds. Furthermore, according to Li et al. (2013), higher bird species richness was found in native forest than in rubber plantations, and the bird communities varied significantly among the two habitat types. No strict frugivores were found in rubber agroforests, and no granivores were found in semi-deciduous monsoon forest; the species richness of insectivores and nectarivores was lower in rubber agroforest than in native forest.


    This study provided information about the diversity and structure of bird communities in different land-uses in lowland south-central Mindanao, and the results suggest that the availability of diverse food sources and foraging and roosting sites are essential factors for the diversity and abundance of bird species in certain habitat types. In a similar case in Malaysia, Azman et al. (2011) concluded that the conversion of forest to agriculture, such as to oil palm plantations or paddy fields, causes changes in bird diversity and the distribution of avian guilds. Based on their study of rubber plantations and natural forests, Li et al. (2013) noted that native forests are still important habitats for bird species as richness was higher in the native versus the agroforest, which supports the results of this study. Furthermore, this suggests that to conserve native, endemic and migrant species in all land-use systems, important food sources and habitat structure for a variety of bird species must be maintained. Moreover, if deforestation in Southeast Asia continues, it will increase the probability of extinction of many bird species in the region (Brooks et al. 1997).


    CONCLUSION


    The factors influencing avifaunal diversity and the structure of foraging guilds were elucidated in this study, and the following conclusions were drawn: i) among all land-use types, the highest avifaunal diversity was recorded in the agroforest; ii) higher species similarity was found between the agroforest and the ricefields than the roads and urban sites; iii) a low number of endemic species was found in all of the land-use types; iv) insectivorous and frugivorous species were more abundant in agroforests and ricefields; and v) vegetation structure and the availability of food resources and foraging/nesting sites are important for bird species in different land use types.


    Studies of the effects of land-use on birds in the Philippines may be scarce, so further study of additional factors affecting bird diversity in different degraded habitats is recommended, such as considering spatio-temporal factors and the availability of specific food resources.
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    Abstract: Spesimen Hippa adactyla (Crustacea, Anomura, Hippidae) telah dikutip daripada beberapa pinggir laut Indonesia (Sumatera, Java, Bali-Lombok dan Sulawesi). Penemuan ini menunjukkan rekod pertama spesies ini di Indonesia dan mengesahkan kewujudannya di Lautan Hindi dan di kawasan Wallacea. Sifat-sifat sistematik dan morfologi spesies ini telah dihuraikan, dan taburannya di Indonesia telah dipersembahkan. Salah satu sifat utama spesies ini ialah lobus median pada bahagian anterior karapas yang mempunyai 3–4 lobus. Begitu juga, antena kiri mempunyai 2–6 artikel.


    Kata kunci: Anomura, Penemuan Pertama, Hippa adactyla, Indonesia


    Abstract: Specimens of Hippa adactyla (Crustacea, Anomura, Hippidae) were collected from several coasts of Indonesia (Sumatera, Java, Bali-Lombok and Sulawesi). This finding represents the first record of this species in Indonesia and confirms its presence in the Indian Ocean and in the Wallacea region. Its systematic and morphological characteristics are described, and its distribution in Indonesia is presented. One of the main characteristics of this species is a median lobe in the anterior part of the carapace, which has 3–4 lobes. Likewise, the left antenna has 2–6 articles.


    Keywords: Anomura, First Finding, Hippa adactyla, Indonesia


    The sand crab superfamily (Hippoidea) is distributed from the Western Indo-Pacific to the Atlantic regions (Boyko & Harvey 2002). These sand crabs live in the intertidal areas (swash zones) and engage in very quick sand digging (Lastra et al. 2002). The presence of sand crabs of the family Hippidae in Indonesia is well known, but few studies have been performed on this group. Several members of the Hippidae family are present along the seashore of Indonesia, such as species of the genera Hippa (Fabricius 1787) and Emerita (Scopoli 1777). Other species include Hippa admirabilis in Papua New Guinea and Hippa celaeno in Makassar (Sulawesi) and Ambon (Moluccas; de Man 1896).


    Information about the existence of sand crabs of the genus Emerita was revealed by Efford (1976) during an expedition in Bengkulu (Sumatera). Members of the family Hippidae are also widely distributed along the west coast of Sumatera and the south coast of Java. The abundance of Hippa adactyla (also known as Remipes testudinarius; Miers 1878) has been important in the field of exploration research. This species is distributed from Madagascar to Australia and extends eastward to the Marquesas Islands and northward to Japan (Boyko & Harvey 1999). However, the presence of this sand crab from Sumatera to Java has not been recorded. This report constitutes the first record of H. adactyla in Indonesia.


    Genus Hippa Fabricius, 1787


    Hippa adactyla


    Examined material: Sumatera. Bengkulu: 3 males, 1 ovigerous female (MZB Cru 4105), 3° 47’ S 102° 14’ E, coll. D. Purnama, 10 September 2014; Padang Pariaman: 1 male, 1 ovigerous female (MZB Cru 4106), 0° 27’ S 99° 58’ E, coll. P. U. Ardika, A. Farajallah, F. Akhsani, 27 September 2014. Java. Pelabuhan Ratu, Sukabumi: 1 female, 1 ovigerous female (MZB Cru 4107), 0° 32’ S 100° 04’ E, 27 December 2013; Pangandaran: West Beach, 5 males, 3 ovigerous females, 3 females, 7° 41’ S 108° 39’ E, coll. K. A. Widayati, J. I. Dwifajarningsih, 22 December 2014; Cilacap: 3 ovigerous females (MZB Cru 4108), 7° 43’ S 109° 01’ 31.6” E, coll. Institut Pertanian Bogor (IPB), 11 Mar 2013. Bali. Gianyar: Lebih Beach, 1 male, 4 ovigerous females (MZB Cru 4115), 8° 07’ S 115° 04’ E, coll. Y. Wardiatno, A. Mashar, A. Farajallah, 22 September 2014. Lombok. Gili Meno Island North Lombok, Gili Indah: 2 males (MZB Cru 4116), 8° 20’ S 116° 03’ E, coll., Y. Wardiatno, A. Mashar, A. Farajallah, 22 September 2014. Sulawesi. Banggai Island: 1 female (MZB Cru 4117), 1° 36’ S 123° 29’ E, coll. M. Sataral, 1 November 2013.


    The collection of samples was performed by hand along the coastline of each study site. The specimens were photographed with a Canon 1100D camera (Canon, Tokyo). They were preserved in 70% alcohol, which was replaced with 96% alcohol in the laboratory, and then drawn using a camera lucida. The specimens were deposited in the Zoologicum Bogoriense Museum, Research Institute of Biology, Indonesian Institute of Science (LIPI), Indonesia.


    In total, 35 specimens were collected. The fresh specimens exhibited a greyish black-and-white pattern on the carapace (Fig. 1). The carapace length is 2.4 to 3.5 cm, and it has a round to oval shape. The median lobe consists of two lobes with one thorn in the middle, similar to H. admirabilis. In the submarginal carapace, there are 46 to 59 setose pit rows. The main distinctive characteristic of these specimens is the number of articles in the antenna. The left antenna had 2–6 articles, and the number increases with growth and age (Haig 1974). The ocular peduncle was longer than that of other Hippa species. The first right and left pereopod commonly had different lengths. The specimens in this study had an elongated, orange-coloured spermatophore located near the left third pereopod. H. adactyla is a synonym of Remipes testudinarius from New South Wales (Haig 1970).
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      Figure 1: Specimen of H. adactyla (ovigerous female) from Pelabuhan Ratu, south coast of Java, Indonesia.

    


    SYSTEMATICS (Boyko & Harvey 1999):


    Infraorder ANOMURA Macleay, 1838


    Family HIPPIDAE Stimpson, 1858


    Genus HIPPA Fabricius, 1787


    Remipes denticulatifrons White, 1847 (junior synonym)


    Remipes testudinarius Latreille, 1806 (junior synonym)


    Remipes testudinarius var. denticulatifrons Miers, 1878 (junior synonym)


    Hippa adactyla Fabricius, 1787


    TYPE MATERIAL. Pelabuhan Ratu, Sukabumi: 1 female, 1 ovigerous female (MZB Cru 4107), 0° 32’ S 100° 04’ E, 27 December 2013.


    Diagnosis: The transverse grooves of the carapace are brown, with short antennules and four median lobes (one lobe is located in the middle; Fig. 2[a]). The first simple pereopod is elongated and has no cheliped (Fig. 2[b]). The dactyl is acute (Fig. 2[c]). The antennules have three to four articles (Fig. 2[d]). The carapace of H. adactyla is wide and flat (Fig. 2[e]). The submarginal rows are not clear and range from 25 to 40 rows.
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      Figure 2: H. adactyla (Fabricius, 1787), 34.2 mm: (a) anterior carapace, dorsal aspect; (b) right pereopod 1; (c) dactyl, outer aspect; (d) antennules, inner aspect; (e) submarginal carapace.


      Note: bar scales: a, d, e = 3.0 mm; b = 2.0 mm; c = 1.0 mm

    


    The morphological characteristics of the specimens in this study were consistent with those of the Hippa species from Taiwan (Fabricius, 1787) and with H. adactyla (Osawa et al. 2010). H. adactyla is a species in the family Hippidae and has been reported in Taiwan and Australia (Haig 1970). This species inhabits swash zones and engages in sand digging. It has been found along the west coast of Sumatera (Padang) and from the south coast of Java (Pelabuhan Ratu) to Bali. Interestingly, we also found one specimen on the Banggai Island of Sulawesi. No previous reports suggest that this species was found in Kalimantan. The H. adactyla specimens from each location exhibit the same characteristics and colours. This species is also morphologically identical to Hippa ovalis, which is found in Sulawesi (Osawa et al. 2010). The specimens found on the west coast of Sumatera had an average length and width of 2 to 3 cm. These specimens differed from those on the south coast of Java and Bali-Lombok because the latter had an average length and width of 3 to 4 cm.


    Based on the distribution of this species in Taiwan (Osawa et al. 2010), it is likely that its distribution might be affected by sea currents and several biological factors. The textures of the substratum of the west coast of Sumatera and the south coast of Java are nearly identical, i.e., rough brown sand. The colour of the crabs’ carapace was influenced by the colour of the sand in their particular habitat (Wenner 1972). More female specimens than male specimens were found in this study. Ovigerous female specimens were dominant. This phenomenon indicates the regeneration of this species (Forward et al. 2007). The scarce information on the biology and distribution of H. adactyla does not clearly indicate the geographical distribution of this species. The presence of sand crabs along the coast of Sumatera, Java, Bali-Lombok and Sulawesi needs further study, and a phylogeographic analysis would help elucidate the source of this population in the Indonesian intertidal zones.
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    Abstrak: Flora paku pakis di Kepulauan Langkawi mengandungi 130 spesies, 1 subspesies dan 12 varieti dalam 68 genus dan 27 famili. Nilai ini merangkumi 22.1% dari 647 takson di peringkat spesies dan ke bawah yang dilaporkan di Semenanjung Malaysia. Daripada 143 takson paku pakis di peringkat spesies dan ke bawah yang dilaporkan, 8 spesies dalam 2 genus dan 2 famili terdiri dari likofit sementara baki 135 takson dalam 66 genus dan 25 famili terdiri dari monilofit atau paku pakis.


    Kata kunci: Paku Pakis, Flora, Kepulauan Langkawi, Monilofit, Likofit


    Abstract: The pteridophyte flora of Langkawi Archipelago consists of 130 species, 1 subspecies and 12 varieties in 68 genera and 27 families. This value represents 22.1% of the 647 taxa at the species level and below reported for Peninsular Malaysia. Of the 143 recorded taxa of pteridophytes at the species level and below, 8 species in 2 genera and 2 families are lycophytes and the other 135 taxa in 66 genera and 25 families are monilophytes or ferns.


    Keywords: Ferns, Flora, Langkawi Archipelago, Monilophyte, Lycophyte


    The richness and uniqueness of the pteridophytes (ferns and lycophytes) of the Langkawi archipelago were observed a long time ago by many botanists and plant collectors leading to many collections being made from various parts of the islands. Among the important fern collectors of the Langkawi islands are Md. Haniff, Md. Nur, H. C. Robinson, M. R. Henderson, H. N. Ridley, R. E. Holttum, S. C. Chin, A. Bidin, R. Jaman and, recently, the authors. The first account of the ferns of Langkawi appeared in Ridley (1908), who reported several species. This was followed by the observations of Henderson (1939) and Holttum (1968).


    Chin (1977) studied the fern flora of the limestone hills of Peninsular Malaysia including those located on the Langkawi islands. He reported the presence of three species of calcicolous ferns from Langkawi. Ten years later, Bidin (1987) reported a total of 145 taxa of ferns at the species level and below from this group of islands. The present report is focused on collections made during a scientific expedition in 2003 and data from several herbaria.


    During the expedition organised by the Universiti Kebangsaan Malaysia (UKM), pteridophyte specimens were collected along various jungle trails on the main island (e.g., Gunung Raya trail, Gunung Machinchang, Telaga Tujuh and Kisap Forest) and several surrounding islands, including Dayang Bunting Island, Tuba Island, Singa Besar Island and Langgun Island. Habitats of pteridophyte along the trails and its vicinities were surveyed to obtain as many specimens and species as possible. Areas in the vicinity of a stream were carefully examined as these shady and very moist environments are suitable for the growth of ferns. All specimens collected by the authors during the expedition were wrapped in newspaper, wetted with alcohol and stored in a plastic bag. Evaporation from the newspaper keeps the plants cool and moist. To prepare a herbarium specimen, material from the plastic bag was transferred to a standard plant press and pressed flat and dried in an oven (50ºC). The dried specimens were then identified by following the identification keys to species by Holttum (1968) and Parris et al. (2010, 2013). The identified species were then deposited at the UKM herbarium (UKMB). Specimens that have been previously collected and deposited in herbaria of several institutions, such as UKM (UKMB), Universiti Malaya (KLU), Kew Botanical Garden (K) and Singapore (SING), were also examined in this study.


    Pteridophytes of the Langkawi archipelago comprise 143 taxa at the species level or lower in 68 genera and 27 families (Appendix 1). These represent 22.1% of the 647 taxa at the species level or lower reported for Peninsular Malaysia (Parris & Latiff 1997). The occurrence of various vegetation types on the islands, such as limestone, mangrove, lowland, beach strand vegetation and heath forest support, have made the flora of pteridophytes here very diverse and unique.


    The lycophytes in this archipelago are represented by only two families: Lycopodiaceae (one species) and Selaginellaceae (seven species). The other 135 taxa are ferns belonging to 65 genera and 23 families. The largest family that occurs in Langkawi archipelago are Pteridaceae, with 27 species, followed by Polypodiaceae (22 species), Thelypteridaceae (13 species), Hymenophyllaceae (9 species) and Aspleniaceae, Dryopteridaceae and Selaginellaceae, with 8 species each.


    The pteridophyte flora of the islands is more luxuriant due to the influence of Thailand climatic elements and limestone outcrops (Latiff 1994). Some interesting species, namely Adiantum philippense, Aglaomorpha coronans, Bolbitis malaccensis, Drynaria bonii, Platycerium holttumii, Selaginella griffithii, and Tectaria brachiata, are found in the Langkawi islands. A. philippense, D. bonii, P. holttumii and T. brachiata are restricted to the northern part of Malaya (Holttum 1968; Bidin 1987). Meanwhile, A. coronans, which are mainly distributed in the Asian mainland, is known only from Langkawi in Peninsular Malaysia (Bidin 1987). The rare B. malaccensis, which is known only from one collection in Thailand, has been found only in the Langkawi and Tioman islands. Furthermore S. griffithii has been reported in Thailand and in Langkawi (Wong 1982).


    There are some differences between the results of the previous study (Bidin 1987) and the present one. In this paper, the authors added additional species of lycophytes (eight species) which were not reported in the previous study. The compiled list presented here is based on the currently accepted names as given in the latest monographic works. This means that the previous list contains names that are not in use or synonyms. For example, Bidin and Jaman (1986) described P. platylobum as a novel species, which is found in Langkawi, but in the latest revision of the Polypodiaceae (Hovenkamp 2013), it was reduced to a synonym under Platycerium coronarium. The same trend occurred in the Davalliaceae. Bidin (1987) listed Humata repens and Humata vestita as distinct species, but Nooteboom (2013) lumped these two species and recognised them as Davallia repens.


    Pteridophytes in the Langkawi archipelago are more diverse compared to pteridophytes in other offshore islands due to the large size of the main island and also the occurrence of various vegetation types on the islands, such as limestone hill, mangrove, lowland, beach strand vegetation and heath forest.
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    Appendix 1


    Checklist of pteridophytes. The current enumeration is the updated version of the flora based on Parris (2010). All new records are marked with an asterisk (*).


    Lycophytes


    LYCOPODIACEAE


    *Lycopodiella cernua (L.) Pic. Serm.


    SELAGINELLACEAE


    *Selaginella argentea (Wall. ex Hook. & Grev.) Spring


    *Selaginella delicatula (Desv. ex Poir) Alston


    *Selaginella griffithii Spring


    *Selaginella intermedia (Blume) Spring


    *Selaginella minutifolia Spring


    *Selaginella wallichii (Hook. & Grev.) Spring


    *Selaginella willdenowii (Desv.) Baker


    Monilophytes


    ASPLENIACEAE


    Asplenium macrophyllum Sw.


    Asplenium nidus L. var. nidus


    Asplenium paradoxum Bl.


    Asplenium pellucidum Lam.


    Asplenium phyllitidis D. Don


    Asplenium salignum Bl.


    Asplenium tenerum G. Forster


    BLECHNACEAE


    Blechnum orientale L.


    Stenochlaena palustris (Burm. f.) Bedd.


    CIBOTIACEAE


    Cibotium barometz (L.) J. Sm.


    CYATHEACEAE


    Cyathea borneensis Copel.


    Cyathea contaminans (Wall. ex Hook.) Copel.


    Cyathea glabra (BI.) Copel.


    DAVALLIACEAE


    Davallia denticulata (Burm.f.) Mett.


    Davallia divaricata Bl.


    Davallia trichomanoides Bl. var. lorrainei (Hance) Holtt.


    Davallia trichomanoides Bl. var. trichomanoides


    Davallia repens (L.fil.) Diels


    Davallia pectinata (Sm.) Desv.


    DENNSTAEDTIACEAE


    Microlepia speluncae (L.) T. Moore var. villosissima C. Chr.


    Microlepia strigosa (Thunb.) C.Presl


    DRYOPTERIDACEAE


    Bolbitis appendiculata (Willd.) K. Iwatsuki


    Bolbitis heteroclita (C. Presl.) Ching


    Bolbitis malaccensis (C.Chr.) Ching


    Bolbitis virens (Hook. & Grev.) Hennipman var. compacta Hennipman


    Ctenitis subobscura (H. Christ) Holttum


    Elaphoglossum callifolium (Bl.) T. Moore


    Polystichum prolificans Alderw.


    GLEICHENIACEAE


    Dicranopteris linearis (Burm.f.) Underw.


    Dicranopteris speciosa (C. Presl) Holtt.


    HYMENOPHYLLACEAE


    Cephalomanes javanicum (Blume) Bosch


    Crepidomanes bipunctatum (Poir.) Copel.


    Crepidomanes kurzii (Bedd.) Tagawa & K. Iwat.


    Gonocormus minutus (Blume) Bosch


    Meringium denticulatum (Sw.) Copel.


    Microtrichomanes digitatum (Sw.) Copel.


    Pleuromanes pallidum (Blume) C. Presl


    Selenodesmium obscurum (Blume) Copel.


    Vandenboschia maxima (Blume) Copel.


    LINDSAEACEAE


    Lindsaea ensifolia Sw.


    Lindsaea heterophylla Dryand.


    Lindsaea lucida Blume


    Lindsaea parasitica (Roxburgh ex Griffith) Hieron


    Lindsaea repens (Bory) Thwaites


    Tapeinidium pinnatum (Cav.) C.Chr.


    LOMARIOPSIDACEAE


    Cyclopeltis crenata (Fěe) C. Chr.


    Lomariopsis lineata (C. Presl.) Holttum


    LYGODIACEAE


    Lygodium circinnatum (Burm.f.) Sw.


    Lygodium flexuosum (L). Sw.


    Lygodium microphyllum (Cav.) R. Brown


    Lygodium polystachyum Wall. ex T. Moore


    Lygodium salicifolium C. Presl


    MARATTIACEAE


    Angiopteris evecta (Forst.) Hoffm.


    MARSILEACEAE


    Marsilea crenata C. Presl.


    NEPHROLEPIDACEAE


    Nephrolepis auriculata (L.) Trimen


    Nephrolepis hirsutula (G. Forst.) C. Presl


    OLEANDRACEAE


    Oleandra neriiformis Cav.


    OPHIOGLOSSACEAE


    Helminthostachys zeylanica (L.) Hook.


    Ophioglossum reticulatum L.


    PARKERIACEAE


    Acrostichum aureum L.


    Acrostichum speciosum Willd.


    POLYPODIACEAE


    Aglaomorpha coronans (Mett.) Copel.


    Belvisia mucronata (Fée) Copel.


    Drynaria sparsisora (Desv.) T. Moore


    Drynaria rigidula (Sw.) Beddome


    Drynaria bonii Chr.


    Goniophlebium persicifolium (Desv.) Bedd.


    Lecanopteris sinuosa (Wall. ex Hook.) Cope1.


    Leptochilus macrophyllus (Blume) Noot. var. macrophyllus


    Leptochilus macrophyllus (Blume) Noot. var. pedunculatus (Hook. & Grev.) Noot.


    Loxogramme avenia (BI.) C. Presl


    Microsorum heterocarpum (BI.) Ching


    Microsorum nigrescens (Bl.) Pic.Serm.


    Microsorum punctatum (L.) Copel.


    Microsorum scolopendria (Burm.f.) Pic. Serm.


    Platycerium coronarium (J. König) Desv.


    Platycerium holttumii de Jonch. & Hennipm.


    Pyrrosia lanceolata (L.) Farw.


    Pyrrosia longifolia (Burm. f.) C.V. Morton


    Pyrrosia penangiana (Hook.) Holtt.


    Pyrrosia piloselloides (L.) M. G. Price


    Pyrrosia stigmosa (Sw.) Ching


    PTERIDACEAE


    Adiantum caudatum L.


    Adiantum capillus-veneris L.


    Adiantum latifolium Lam


    Adiantum mathewsianum Hook.


    Adiantum peruvianum Kl.


    Adiantum philippense L.


    Adiantum polyphyllum Willd.


    Adiantum stenochylamys Bak.


    Adiantum tenerum Swartz.


    Adiantum trapeziforme L.


    Antrophyum callifolium BI.


    Ceratopteris thalictroides (L.) Brongn.


    Cheilanthes tenuifolia (Burm.f.) Sw.


    Doryopteris ludens (Wall. ex Hook) J. Sm.


    Haplopteris angustifolia BI.


    Haplopteri ensiformis Sw. var. ensiformis


    Haplopteri ensiformis Sw. var. latifolia Holttum.


    Hemionitis arifolia (Burm.f) T. Moore


    Pityrogramma calomelanos (L.) Link


    Pteris biaurita L.


    Pteris ensiformis Burm.f.


    Pteris longipinnula Wall. ex J. Agardh.


    Pteris mertensioides Willd. subsp. mertensioides


    Pteris scabripes Wall. ex J. Agardh.


    Pteris venulosa Bl.


    Pteris vittata L.


    Taenitis blechnoides (Willd.) Sw.


    SALVINIACEAE


    Azolla pinnata R. Br. var. imbricata (Roxb.) Bonap.


    SCHIZAEACEAE


    Actinostachys digitata (L.) Wall. ex Reed


    Schizaea dichotoma (L.) J.E. Smith


    TECTARIACEAE


    Pleocnemia irregularis (C. Presl) Holtt.


    Tectaria brachiata (Zoll. & Mor.) C.V. Morton


    Tectaria semipinnata (Roxb.) C.V. Morton


    Tectaria angulata (Willd.) Copel.


    Tectaria fissa (Kunze) Holttum


    THELYPTERIDACEAE


    Amphineuron immersum (BI.) Holttum


    Amphineuron opulentum (Kaulf.) Holttum


    Amphineuron terminans (Hook.) Holttum


    Christella dentata (Forssk.) Brownsey & Jermy


    Christella parasitica (L.) Lev.


    Christella papilio (C. Hope) Holttum


    Christella subpubescens (BI.) Holttum


    Cyclosorus interruptus (Willd.) H. Ito


    Mesophlebion chlamydophorum (C. Chr.) Holttum


    Pronephrium asperum (C. Presl.) Holttum


    Pronephrium repandum (Fée) Holttum


    Sphaerostephanos heterocarpus (BI.) Holttum


    Sphaerostephanos penniger (Hook.) Holttum var. penniger


    WOODSIACEAE


    Diplazium bantamense Bl.


    Diplazium esculentum (Retz) Sw.


    Diplazium malaccense C. Presl
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    Abstrak: Fasioliasis atau infestasi trematoda adalah merupakan penyakit penting yang disebabkan oleh Fasciola hepatica dan Fasciola gigantica. Kedua-dua spesies ini adalah parasit hepar dan boleh memberi kesan terhadap kesihatan manusia. Aspek zoonotik fasioliasis telah dihuraikan secara lanjut. Sebanyak 80 sampel hepar segar daripada 67 ekor lembu kacukan Kedah-Kelantan dan 13 ekor kerbau Murrah yang diperolehi dari 4 buah rumah sembelih tempatan di Perak telah diperiksa. Kesemua sampel diperiksa secara makroskopik untuk mengesan kehadiran Fasciola spp. Keputusan yang diperolehi menunjukkan 7.50% (6 daripada 80) haiwan yang diperiksa menghidap fasioliasis. Daripada jumlah tersebut 7.46% (5 daripada 67) dan 7.69% (1 daripada 13) dikesan positif pada sampel lembu dan kerbau masing-masing. Hanya F. gigantica telah dikenal pasti semasa identifikasi spesies. Langkah berjaga-jaga adalah perlu kerana kesan impak zoonotik penyakit ini terhadap kesihatan awam.


    Kata kunci: Fasioliasis, Trematoda, Zoonotik


    Abstract: Fascioliasis, or trematode infestation, is an important disease caused by Fasciola hepatica and Fasciola gigantica. Both species are hepatic parasites that affect humans. We have examined the zoonotic aspects of fascioliasis. A total of 80 fresh liver samples were collected from 67 Kedah-Kelantan crossbred cattle and 13 Murrah buffalo at 4 local abattoirs in Perak, Malaysia. The samples were examined macroscopically to detect the presence of Fasciola spp. The results show 7.50% (6 of 80) of the animals were diagnosed with fascioliasis. Overall, 7.46% (5 of 67) and 7.69% (1 of 13) of cattle and buffalo samples were positive, respectively. There were only F. gigantica species identified in the samples. Our findings suggest that precautions should be taken because the disease has a zoonotic impact on public health.


    Keywords: Fascioliasis, Trematode, Zoonotic


    Fascioliasis, or trematode infestation, is an important disease caused by Fasciola hepatica and Fasciola gigantica. Both species are hepatic parasites and are considered plant-borne trematodes that affect humans (Mas-Coma et al. 2005). Fascioliasis was included on the list of important helminthiasis affecting human development at the Third Global Meeting of the Partners for Parasite Control held at the World Health Organization (WHO) Headquarters in Geneva in November 2004 (Anonymous 2004). A 1972 survey in Malaysia found animal fascioliasis in the following states: Kedah, Perak, Selangor, Pahang, Negeri Sembilan, Malacca and Johor. However, there were no cases of human fascioliasis reported (Saleha 1991). A previous study by Naim et al. (2011) in Ipoh, Perak abattoirs found fascioliasis in slaughtered large ruminants.


    F. hepatica and F. gigantica are common liver flukes or flat worms found in large ruminants and require fresh water snails such as Lymnaea spp. as an intermediate host. The miracidia released from embryonated fluke eggs invade the snail and undergo several developmental stages including sporocyst, rediae and cercariae in 5–7 weeks under optimal conditions. The free swimming cercariae are then released in the water and encyst as metacercariae. The metacercariae is the infective larvae, which has a hard outer cyst wall and can survive for prolonged periods in wet environments and on aquatic vegetation. Large ruminants and humans acquire the infection by accidentally eating the fresh vegetation containing the infective metacercariae. The ingested larvae will excyst in the duodenum and migrate through the intestinal wall, peritoneal cavity, and the liver parenchyma into the biliary ducts where they develop into adult flukes. In humans, it requires 3–4 months for the metacercariae to mature into adult flukes. The released unembryonated fluke eggs from the bile duct are passed in the faeces to complete the life cycle of the parasites (Center for Disease Control and Prevention [CDC] 2013).


    The aim of this study is to determine the presence and identify Fasciola spp. in large ruminants in Perak, Malaysia.


    In this study, 80 fresh liver samples from 67 Kedah-Kelantan crossbred cattle and 13 Murrah buffalo were inspected from 4 abattoirs in Perak (Ipoh, Taiping, Teluk Intan and Tapah). The samples were examined macroscopically after slaughtering from February 2013 to August 2013. All the suspected liver samples with damaged tissues identified during the meat inspection were stored at 4°C–6°C and transported to the Parasitology Laboratory of Veterinary Research Institute (VRI) for further examination using a stereomicroscope (Olympus SZ51, Japan). The flukes were then collected for species identification.


    The flukes collected were identified according to their morphology by morphometric methods described for Fasciola by Periago et al. (2008).


    There were 80 large ruminants examined and 6 (7.50%) animals were diagnosed with fascioliasis. There were 7.46% (5 of 67) and 7.69% (1 of 13) positive cattle and buffalo samples, respectively. The examinations revealed that only F. gigantica species were present.


    The findings of this study show the prevalence of fascioliasis in large ruminants slaughtered in Perak is 7.50%. According to Pfukenyi et al. (2006) F. gigantica or giant liver fluke infection is one of the most common single helminth infections of ruminants in Asia and Africa. The adult fluke is oval and operculated with a thin shell and is slightly larger (up to 75 mm) than F. hepatica (up to 30 mm). The fluke also has clearly defined shoulders (Kahn et al. 2005).


    The infected animals show a wide range in severity from an asymptomatic infection to a devastating disease related to the liver fluke burden. The parasites in the liver cause an uneven surface appearance with migratory tracts that lead to liver condemnation during meat inspection. Infected animals may have reduced body weight, less weight gain, decreased in milk quality and reduced milk production (Chick 1980).


    Fascioliasis was first documented in humans in 1970 during an autopsy of a female in Berlin, Germany (Groove 1990). The clinical manifestation of the disease includes fever, dyspepsia, anorexia, ascites, urticaria and jaundice in the acute stage. The chronic stage symptoms include nausea, fatty food intolerance, cholangitis, pancreatitis and cholecystitis (Khandelwal et al. 2008). Human fascioliasis is common in Cuba, Uruguay and Argentina. Humans are accidentally infected by eating green leafy raw aquatic plants that grow in fresh water such as watercress (Nasturtium officinale) containing encysted metacercariae (Saleha 1991).


    To prevent the disease the population of intermediate hosts for F. gigantica should be controlled. The use of molluscicides can reduce the number of snails. Additionally, preventing livestock access to snail-infested pastures can decrease the potential of infestation. Human fascioliasis can be prevented by strict control of watercress and other metacercariae-carrying aquatic plants for human consumption. Consuming undercooked or raw liver dishes should be avoided because a study by Taira et al. (1997) stated that humans can be infected after ingesting immature flukes from raw dishes. The anthelmintic drug Triclabendazole is currently used to treat animals and human fascioliasis caused by both F. gigantica and F. hepatica (Mas-Coma et al. 2005).


    In conclusion, fascioliasis, an important helminthiasis disease in large ruminants impacts human development. Although the prevalence rate in this study is low and there was no reported case of human fasicioliasis in Malaysia, precautions should be taken as the disease has a zoonotic impact.
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