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Abstrak: Piperonil butoksida (PB) dan MGK-264 telah digunakan untuk mempertingkatkan ketoksikan komponen aktif iaitu papain, arekolina dan miristisin, masing-masing daripada tumbuhan Carica papaya, Areca catechu dan Myristica fragrans, terhadap siput vector Lymnaea acuminata. Suatu perhubungan bersandar masa dan dos telah diperhatikan untuk ketoksikan kombinasi-kombinasi ini. Kesan toksik molusisida daripada tumbuhan-tumbuhan ini dengan kombinasi synergis PB dan MGK-264 didapati lebih tinggi daripada kesan rawatan tanpa kombinasi. Synergism tahap paling tinggi diperhatikan apabila MGK-264 telah digunakan dengan kombinasi lateks C. papaya (penambahan 10.47 kali) dan PB dengan papain (penambahan 8.5 kali).



Kata kunci: Fasioliasis, Lymnaea acuminata, Molusisida Tumbuhan, Piperonil Butoksida, MGK-264



Abstract: Piperonyl butoxide (PB) and MGK-264 were used to enhance the toxicity of the active components papain, arecoline and myristicin from the plants Carica papaya, Areca catechu and Myristica fragrans, respectively, against the vector snail Lymnaea acuminata. A time- and dose-dependent relationship was observed for the toxicity of these combinations. The toxic effects of these plant-derived molluscicides in combination with the synergists PB and MGK-264 were several times higher than the effect of the individual treatments. The highest degree of synergism was observed when MGK-264 was used in combination with C. papaya latex (10.47-fold increase) and PB was used with papain (8.35-fold increase).
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INTRODUCTION

The incidence of fascioliasis, a serious parasitic disease affecting domestic ruminants and humans, surpasses all zoonotic helminthes infections worldwide (Haridy et al. 2002). Human infection with fascioliasis has been sporadic; however, in the past three decades, clinical cases and outbreaks of the disease have been reported (Haseeb et al. 2002). According to a World Health Organization (WHO) report from 2007, infections with fascioliasis were limited to specific and typical geographical areas (endemiotopes). However, the disease has now spread throughout the world with increased reports of human cases of fascioliasis in Europe, the Americas and Oceania (where only Fasciola hepatica is transmitted) and Africa and Asia (where two species, Fasciola hepatica and Fasciola gigantica can be found). The snail Lymnaea acuminata is the intermediate host for the liver fluke F. gigantica, which is responsible for endemic fascioliasis in cattle in the northern part of India (Singh & Agarwal 1981; Agarwal & Singh 1988). An effective method to reduce the incidence of fascioliasis is to control the population of vector snails, thereby breaking the life cycle of the flukes (Jigyasu & Singh 2010; Agarwal & Singh 1988). The control of the vector snail population using molluscicides is a well-recognised method for the control of fascioliasis.

Molluscicides of plant origin are becoming increasingly popular because they are cheaper and safer than their synthetic counterparts, as well as being potentially biodegradable and ecofriendly (Singh et al. 1996; Hostettmann & Lea 1988; Marston & Hostettmann 1985). However, concerted efforts to formulate improved compounds are needed to render the molluscicides more potent against harmful snails and safer for the environment. It has been reported that Carica papaya seed, C. papaya latex, Areca catechu seed (Jaiswal & Singh 2008), Myristica fragrans seed (nutmeg) and M. fragrans aril (mace) (Jaiswal & Singh 2009) are potent molluscicides against the harmful snail L. acuminata. The active molluscicidal components in C. papaya (seed and latex), A. catechu seed and M. fragrans seed are papain, arecoline and myristicin, respectively. In this study, we determined the toxicity against snail L. acuminata of binary combinations of the plant-derived molluscicides along with their active components and the synergists piperonyl butoxide (PB) and MGK-264.



MATERIALS AND METHODS

Animal Samples

The adult L. acuminata snails (average size 2.25±0.30 cm in length) were collected from the ponds, pools and lakes of the Gorakhpur district. The snails either adhere to the ventral surface of the leaves of aquatic plants or lie freely around the vegetation near the water banks. The sails were acclimatised to laboratory conditions in glass aquariums containing dechlorinated tap water for 72 h.



Binary Combinations

For the determination of molluscicidal activity, binary combinations of crude powder from C. papaya (seed and latex), A. catechu seed, M. fragrans (seed and aril) and the active components papain, arecoline and myristicin, respectively, were mixed with the synergists piperonyl butoxide and MGK-264 at a ratio of 1:5.



Molluscicidal Activity

The toxicity experiment against L. acuminata was performed using the method described by Singh and Agarwal (1984). The 10 experimental animals were maintained in a glass aquarium, containing 3 litres of dechlorinated tap water. The snails were exposed to different preparations of the plant-derived molluscicides and their active components along with the synergists PB (α [2-(2butoxyethoxy) ethoxy]-4, 5-methylenedioxy-2-propyltoluene) (Mc Laughlin Gormley King Co., Minneapolis, Minnesota, USA) and MGK-264 (N-octyl bicycloheptene dicarboximide) (Mc Laughlin Gormley King Co., Minneapolis, Minnesota, USA) (Table 1). The aquaria (six in total) were set up for each concentration. The mortality was recorded at 24 h intervals for up to 96 h. To avoid contamination of the aquarium water, the dead animals were removed at each observation time. The mortality of the animals was established by the contraction of body within the shell, and a lack of response to probing with a needle was used as evidence.




Table 1: Concentration of binary combinations (1:5) of plant products and their active components with PB/MGK-264.
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The lethal concentration value (LC50), upper and lower confidence limit (UCL and LCL) and slope values were calculated according to the Probit or Logit (POLO) computer programme (Robertson et al. 2007). The regression coefficient between the exposure time and the different LC50 values was determined (Sokal & Rohlf 1973).



Preparation of Crude Powder

The C. papaya seeds and latex were collected in the field from locally cultivated crops. The A. catechu seeds, commonly termed Supari, and the M. fragrans seed and aril were purchased from a local market in the Gorakhpur district (India).

The epidermis of the unripe fruit was cut, and the white milky latex of the C. papaya was drained into a graduated tube and lyophilised at –40°C. The lyophilised powder was stored in an airtight desiccator for future use. The seeds from the ripe C. papaya fruits were dried in an incubator at 37°C. The C. papaya seeds, A. catechu seeds, and M. fragrans seeds and aril were pulverised separately using a grinder, and the crude powders obtained were used in the toxicity experiment (Jaiswal & Singh 2009; Jaiswal & Singh 2008).



Pure Compounds

The papain (cysteine protease), arecoline hydrobromide (methyl 1,2,5,6-tetrahydro-1-methyl-3-pyridine carboxylate hydrobromide) and myristicin [4-methoxy-6-(2-propenyl)-1,3-benzodioxole] were purchased from Sigma Chemical Co. (Saint Louis, Missouri, USA).



RESULTS

The combinations of the C. papaya seeds / latex, A. catechu seeds, M. fragrans seeds / aril and their pure compounds papain, arecoline, myristicin with the synergists PB and MGK-264 demonstrated that the molluscicidal activity of the mixtures against the snail L. acuminata was time- and dose-dependent. A significant (p<0.05) negative regression was observed between the exposure time and the LC50 of the mixtures (Tables 2–4).

At 24 h, the toxicity of the binary combination of the C. papaya seed powder with PB / MGK-264 against L. acuminata was 5.81- / 5.52-times higher than the treatment with the seed powder alone. Similarly, at 96 h, the toxicity of the C. papaya seed powder combined with PB / MGK-264 was 5.05- / 6.72-times higher than the treatment with the powder alone. The binary combination of the C. papaya latex with PB / MGK-264 at 24 h was 1.72- / 3.51-times more toxic than C. papaya latex alone, and after 96 h of exposure, the toxicity of the C. papaya latex plus PB / MGK-264 was enhanced 2.89- / 10.47-fold compared with the absence of the synergists. At 24 h, the binary combination of papain with PB / MGK-264 was 2.16- / 1.82-times more toxic than the treatment with papain alone. At 96 h, the toxicity of the papain with PB / MGK-264 was 8.35- / 7.80-times higher than the treatment with just papain. The 96-h toxicity of the C. papaya seed powder was more effective in combination with MGK-264 (LC50 9.16 mg/l) than with PB (LC50 12.19 mg/l). Similarly, the C. papaya latex was more effective in combination with MGK-264 (LC50 0.80 mg/l) than with PB (LC50 2.90 mg/l). The papain was more effective against L. acuminata in combination with PB (LC50 1.17 mg/l) than with MGK-264 (LC50 1.25 mg/l) (Table 2).

At 24 h, the binary combination of the A. catechu seed powder with PB / MGK-264 was 2.34- / 1.95-times more toxic against the snail L. acuminata than the treatment with the A. catechu seed powder alone, and after exposure for 96 h, the toxicity of the A. catechu seed powder in combination with PB / MGK-264 was increased 3.24- / 3.19-fold. The binary combination of the arecoline with PB / MGK-264 at 24 h was 0.35- / 1.03-times more toxic against L. acuminata than the treatment with arecoline alone, and at 96 h, the toxicity of the arecoline with PB / MGK-264 was increased 1.04- / 2.33-fold. The A. catechu seed powder was more toxic in combination with PB (LC50 3.80 mg/l) than with MGK-264 (LC50 3.86 mg/l). The arecoline plus MGK-264 (LC50 0.06 mg/l) was more effective against L. acuminata than the arecoline plus PB (LC50 0.13 mg/l) (Table 3).

At 24 h, the binary combination of the M. fragrans seed powder and PB / MGK-264 was 3.59- / 4.64-times more toxic against the snail L. acuminata than the treatment with M. fragrans seed powder alone, and at 96 h, the toxicity of the M. fragrans seed powder in combination with PB / MGK-264 increased 4.43- / 4.38-fold. At 24 h, the binary combination of the M. fragrans aril powder with PB / MGK-264 was 1.96- / 2.64-times more toxic than the treatment with M. fragrans aril powder alone, and after 96 h of exposure, the toxicity was enhanced 6.30- / 4.50-fold. At 24 h, the binary combination of the myristicin with PB / MGK-264 was 1.12- / 1.25-times more toxic than the treatment with myristicin alone. The M. fragrans aril powder was more effective in combination with PB (LC50 4.54 mg/l) than with MGK-264 (LC50 6.36 mg/l), and the myristicin was more effective in combination with MGK-264 (LC50 0.41 mg/l) than with PB (LC50 0.62 mg/l) (Table 4).

The slope values were steep, and the separate estimation of the LC50 based on each of the six replicates was within the 95% confidence limits of LC50. The t ratio was greater than 1.96, the heterogeneity factor was less than 1.0, and the ‘g’ value was less than 0.5 at all probability (90, 95, 99) levels.



DISCUSSION

The toxicity study clearly demonstrated that the molluscicidal activity of the C. papaya seed and latex, A. catechu seed, M. fragrans seed and aril and the active components papain and arecoline was enhanced when combined with the synergists PB and MGK-264. The synergists PB and MGK-264 are typically used in combination with carbamate, organophosphate and pyrethroid pesticides (Rao & Singh 2001; Sahay et al. 1991; Casida 1970). The synergistic activity is produced mainly through the inhibition of the mixed function oxidase (MFO) activity, which detoxifies xenobiotics (Rao & Singh 2001; Matsumura 1985; Metcalf 1967) or possibly increases the penetration of the toxin, resulting in a high titre of the toxin at the active sites (Rao & Singh 2001).

The synergists PB and MGK-264 alone are not toxic to the snail L. acuminata (Sahay et al. 1991; Singh & Agarwal 1989). The activity of the binary mixture is non-interactive (Plackett & Hewlett 1952) because each component does not affect the transport and final concentration of the other compound at the site of action. In this case study, the aquatic environment was advantageous for the penetration of the toxicant because the snail body was bathed in a dilute solution of the toxicant. The maximum effect is obtained when the synergist penetrates the organism and is transported rapidly to the active site. It appears that the high level of synergism in snails may be because of the rapid penetration of synergists through the animal's soft foot.

The toxicity of the C. papaya seed in combination with PB and MGK-264 (96 h, LC50 12.1 mg/l and 9.1 mg/l, respectively), C. papaya latex with PB and MGK-264 (96 h, LC50 2.9 mg/l and 0.8 mg/l, respectively), A. catechu seed with PB and MGK-264 (96 h, LC50-3.8 mg/l and 3.8 mg/l, respectively), M. fragrans seed with PB and MGK-264 (96 h, LC50 8.3 mg/l and 8.4 mg/l, respectively), and M. fragrans aril with PB and MGK-264 (96 h, LC50 4.5 mg/l and 6.3 mg/l, respectively) against the snail L. acuminata was relatively high compared with the individual treatments, i.e., C. papaya seed (96 h, LC50 61.5 mg/l), C. papaya latex (96 h, LC50 8.3 mg/l), A. catechu seed (96 h, LC50-12.3 mg/l) (Jaiswal & Singh 2008), M. fragrans seed (96 h, LC50 36.9 mg/l), and M. fragrans aril (96 h, LC50 28.6 mg/l) (Jaiswal & Singh 2009). The papain and arecoline treatments in combination with PB / MGK-264 were also more toxic than the treatments with papain and arecoline alone. The data indicated that the mixed function oxidase (MFO) was inhibited by the PB and MGK-264 (Rao & Singh 2001; Matsumura 1985; Metcalf 1967), suggesting that the molluscicides were not detoxified or that their penetration to the target site was increased inside the snail body (Singh & Singh 2003). The C. papaya latex plus MGK-264 (10.47-fold increase in toxicity), papain plus PB (8.35-fold increase in toxicity) and papain plus MGK-264 (7.80-fold increase in toxicity) demonstrated the highest degrees of synergism. In contrast, the myristicin in combination with PB / MGK-264 did not demonstrate significant synergistic activity. In a previous study, myristicin was identified as a molluscicidal component (Jaiswal & Singh 2009); however, the lack of a synergistic response in combination with PB / MGK-264 indicated that the toxicity of myristicin was not influenced by the mixed function oxidase. After the 96 h exposure period, a small amount of antagonistic activity was observed (the synergistic ratio was less than 1.0), indicating that myristicin, PB and MGK-264 may act at the same site (possibly on MFOs); therefore, the toxicity of myristicin was not synergised by PB or MGK-264 (Singh et al. 2010).

The steep slope indicated that even small increases in the concentration of the compounds caused high snail mortality. The t-ratio values higher than 1.96 indicated that the regression was significant. The heterogeneity factor values were less than 1.0, indicating that in the replicate tests of random samples, the concentration response curves fell within the 95% confidence limits; therefore, the model fits the data adequately. Because the index of significance of potency estimation (g-value) was less than 0.5, the mean was within the limits at all probabilities (90, 95, 99).




Table 2: Toxicity against L. acuminata of binary combinations of C. papaya (seed and latex) and papain with MGK-264 and PB.
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Table 3: Toxicity against L. acuminata of binary combinations of A. catechu and arecoline with MGK-264 and PB.
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Table 4: Toxicity against L. acuminata of binary combinations of M. fragrans (seed and aril) and myristicin with MGK-264 and PB
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CONCLUSION

The data indicated that the synergists PB and MGK-264 could play an important role in the control of the vector snail population and ultimately fascioliasis. The synergists increased the efficiency of the plant-derived molluscicides, suggesting that the concentrations of these plant-derived molluscicides could be reduced, producing a lethal effect through synergism in areas of treated water where the concentration of the toxins is sub-lethal to the snail population. Effective toxic concentration of the compounds was lower when combined with the synergists than when used alone, which is safer for the aquatic environment.
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Abstrak: Kelimpahan dan komposisi komuniti larva kironomid di atas substrat buatan telah dikaji di Tasik Lido, Bogor, Jawa Barat, Indonesia. Tasik ini kaya secara organik kerana aktiviti penternakan ikan. Tujuh puluh dua substrat buatan telah diatur pada tiga kedalaman (2.0, 3.5 dan 5.0 m) di dua lokasi: satu lokasi kultur sangkar dan satu lokasi kultur bukan sangkar (kawalan). Larva kironomid telah dikumpul pada 7, 14, 28 dan 56 hari selepas substrat buatan diaturkan. Pada masa yang sama, beberapa parameter fizikal dan kimia air juga telah diukur. Tiga subfamili kironomid iaitu Chironominae, Tanypodinae dan Orthocladiinae telah dijumpai di kedua-dua lokasi. Di lokasi kultur sangkar, kedua-dua kepelbagaian dan jumlah kelimpahan lebih tinggi secara signifikan pada kedalaman 2.0 dan 3.5 m berbanding kedalaman 5.0 m; walau bagaimanapun keadaan ini tidak sama di lokasi kultur bukan sangkar. Berdasarkan data terkumpul daripada semua kedalaman, ujian Mann-Whitney U telah menunjukkan bahawa lokasi kultur bukan sangkar mempunyai kepelbagaian dan jumlah kelimpahan yang lebih signifikan daripada lokasi kultur sangkar. Oksigen terlarut dan kekeruhan menunjukkan pebezaan signifikan antara kedalaman 2.0 m dan 2 kedalaman yang lain di lokasi kultur sangkar, manakala tiada satu parameter persekitaran pun menunjukkan perbezaan signifikan antara ketiga-tiga kedalaman di lokasi kultur bukan sangkar. Perbandingan parameter persekitaran pada kedalaman yang sama di kedua-dua lokasi menunjukkan perbezaan yang signifikan untuk kekeruhan, pH dan oksigen terlarut. Analisis Spearman rank di lokasi kultur sangkar telah menunjukkan bahawa kelimpahan dan oksigen terlarut berkorelasi secara positif, manakala kelimpahan dan kekeruhan berkorelasi secara negatif. Walau bagaimanapun, hanya pH yang berkorelasi secara negatif dengan kelimpahan di lokasi kultur bukan sangkar.



Kata kunci: Larva Kironomid, Kedalaman Air, Tasik Diperkayakan Secara Organik



Abstract: The composition and abundance of chironomid larval communities was studied on artificial substrates in Lido Lake, located in Bogor, West Java, Indonesia. The lake is organically enriched as a result of fish farming activity. Seventy two artificial substrates were deployed at three depths (2.0, 3.5 and 5.0 m) at two sites: a cage culture site and a non-cage culture site (control). Larval chironomid larvae were collected 7, 14, 28 and 56 days after the artificial substrates were deployed. In addition, selected physical and chemical parameters of the water were simultaneously measured. Three chironomid subfamilies, the Chironominae, Tanypodinae and Orthocladiinae, were found at both sites. At the cage culture site, both diversity and total abundance were significantly higher at the 2.0 and 3.5 m depths than at the 5.0 m depth, but this was not the case at the non-cage culture site. Based on pooling of the data from all depths, a Mann-Whitney U test showed that the non-cage culture site had a significantly higher diversity and total abundance than the cage culture site. Dissolved oxygen (DO) and turbidity showed significant differences between the 2.0 m depth and the 2 greater depths at the cage culture site, whereas none of the environmental parameters showed significant differences among the three depths at the non-cage culture site. A comparison of the environmental parameters at the same depth at the two sites showed significant differences in turbidity, pH and DO. A Spearman rank correlation analysis at the cage culture site showed that abundance and DO were positively correlated, whereas abundance and turbidity were negatively correlated. However, only pH was negatively correlated with abundance at the non-cage culture site.



Keywords: Chironomid Larvae, Water Depth, Organically Enriched Lake

INTRODUCTION

During the larval stage, chironomids (non-biting midges) can be found in running to stagnant freshwater ecosystems as well as in saline waters (Bidwell & Gorrie 2006; Epler 2001; Bervoets et al. 1995). Chironomids may also be terrestrial (Delettre 2005, 2000, 1995; Frouz 1999). In aquatic environments, chironomid larvae can be found within tubes made from debris assembled with their saliva or in burrows in soft mud substrates. Chironomid larvae feed on detritus as detrivores, on algae as grazers and even on other animals as predators (Pinder 1986; McCafferty 1981; Pennak 1978).

Chironomid larvae play an important role in aquatic food chains (Zilli et al. 2008; Frouz et al. 2003). Their abundant populations are significant in aquatic food chains because larval chironomids can be a food source for larger invertebrates (Pinder 1986), fish (Kamler et al. 2008; Kakareko 2002; Lobinske et al. 2002; Batzer 1998; Pinder 1986), amphibians (Dutra & Callisto 2005) and reptiles (Novelli et al. 2008). Chironomid larvae generally live in organically rich waters (Arimoro et al. 2007), and the composition, diversity and abundance of chironomid larvae are affected by environmental conditions (Rosa et al. 2011; Arslan et al. 2010; Özkan & Çamur-Elipek 2007; Hirabayashi et al. 2003; Ward 1992). Organic pollution and organic enrichment affect the structure and abundance of chironomid assemblages (Cartier et al. 2010; Simião-Ferreira et al. 2009; Marques et al. 1999). Cortelezzi et al. (2011) found anatomical deformities in chironomid larvae, a sublethal effect furnishing an early warning of chemically caused environmental degradation.

Substrates are important for chironomid larvae as habitat and shelter (Halpern et al. 2002; Pennak 1978). The substrate type and depth can influence the abundance and composition of chironomid larvae (Fu et al. 2012; Luoto 2012; Nyman et al. 2005; Mousavi 2002; Learner et al. 1989). Artificial substrates can be colonised by chironomid larvae and can thus facilitate observations of larval succession (Taylor & Kovats 1995). Artificial substrates may also facilitate the collection of chironomid larvae from specific depths.

In Indonesia, only a few studies of Chironomidae have been conducted recently, e.g., Kikuchi and Sasa (1990). The aim of the current study was to reveal the composition and abundance of larval chironomid communities on artificial substrates at three different water depths in an organically enriched site and in a non-organically enriched site. The research tested the hypothesis that organic enrichment would affect the diversity and abundance of larval chironomids. The study highlighted the environmental factors affecting the distribution of the chironomids in terms of depth and organic enrichment.

MATERIALS AND METHODS

Study Area

The study was conducted in Lido Lake, a natural lake located at 106° 48′ 26″ – 106° 48′ 50′ E, 6° 44′ 30″ – 6° 44′ 58″ S, in Bogor, West Java Province, Indonesia. The sources of the lake’s water are ground water, a small stream southwest of the lake and runoff from the area surrounding the lake. Lido Lake is approximately 506 m above mean sea level (MSL). The lake is 767 m long and 429 m wide at its widest point, with maximum and average depths of 18 and 9.71 m, respectively. It covers a total surface area of 198750 m2 and has a storage capacity of 1930028.76 m3 of water. Hotel and paddy field activities in the surrounding area might influence the lake via runoff.

Fish are cultured in net cages near the outlet of the lake. The fish are given artificial food (pellets). As a result, the surrounding water is enriched with organic matter from uneaten pellets and fish faeces. Samples were taken from artificial substrates deployed at two sites: a cage culture site with a water depth of 7 m and a non-cage culture site near the inlet of the lake with a water depth of 6 m (Fig. 1).



Artificial Substrate Arrangement

The artificial substrates were constructed of mosquito netting (1 mm mesh) attached to a 30 x 30 cm wire frame. Three replicates were placed at each depth. At each site, artificial substrates were deployed at water depths of 2.0, 3.5 and 5.0 m. Each arrangement of artificial substrates was then provided with buoys and fastened to the buoys to secure its position (Fig. 2). Seventy two artificial substrates were deployed at each depth at the two sampling sites to allow sampling four times in sequence. The substrates were deployed at the same time to allow colonisation by chironomid larvae.



Sampling Procedures

Chironomid larvae were sampled from June 2009 to August 2009. Samples of chironomid larvae were collected 7, 14, 28 and 56 days after the 72 artificial substrates were deployed. Substrates were collected from each depth at scheduled intervals, i.e., 3 replicate substrates were collected after 7 days of deployment, another 3 replicates were collected after 14 days of deployment, and the same pattern was followed until the end of the experiment at 56 days. Chironomid larvae were collected by brushing each 30 x 30 cm artificial substrate with a paintbrush with half of the bristles trimmed. The samples were fixed in 10% formalin and labelled. Rose Bengal solution (CV Mulia Jaya, Bogor, Indonesia) was added to stain the samples. Chironomid larvae were sorted from the debris using a stereo microscope (Olympus SZ6045TR, PT Fajar Mas Murni, Jakarta). Each chironomid larva was then soaked in 10% KOH (CV Mulia Jaya, Bogor, Indonesia) and mounted in CMCP-10 (Polyscience Inc., Washington, USA). The collected larvae were identified to the genus level with the help of standard identification manuals (Epler 2001). Several environmental parameters were also measured simultaneously with larval chironomid sampling at the three sampling depths: turbidity, temperature, total suspended solid (TSS), total dissolved solid (TDS), pH, dissolved oxygen (DO) and biochemical oxygen demand (BOD). These parameters were determined in accordance with standard methods (Eaton et al. 1995).



Data Analysis

Two types of nonparametric tests were applied. Differences in the abundance and diversity and in selected environmental parameters as a function of depth and sampling site were tested with a Mann-Whitney U test. A Spearman rank correlation test was performed to identify environmental parameters that were correlated with the abundance of larval chironomids at the two sampling sites. The correlation analysis did not consider depth variation (Fowler & Cohen 1990).
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Figure 1: Research location at Lido Lake, West Java Province, Indonesia. Black square and circle indicate the two sites at which artificial substrates were deployed.
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Figure 2: Arrangement of artificial substrates at each site for larval chironomid collection.

RESULTS

The chironomid larvae found at the cage culture site consisted of two subfamilies, Chironominae (six genera: Chironomus, Dicrotendipes, Kiefferulus, Polypedilum, Paratanytarsus and Rheotanytarsus) and Tanypodinae (three genera: Ablabesmyia, Pentaneura and Procladius). The chironomid larvae found at the non-cage culture site consisted of three subfamilies, Chironominae (eight genera: Chironomus, Dicrotendipes, Kiefferulus, Paratanytarsus, Polypedilum, Pseudochironomus, Micropsectra and Rheotanytarsus), Tanypodinae (three genera: Ablabesmyia, Pentaneura and Procladius) and Orthocladiinae (one genus: Nanocladius).

In general, fewer genera were found at the cage culture site than at the non-cage culture site. Only 9 genera were found at the cage culture site, whereas 12 genera were found at the non-cage culture site. The number of genera found was related to the depth of the substrate. At the cage culture site, 8, 6 and 4 genera were found at the 2.0, 3.5 and 5.0 m sampling depths, respectively, whereas 9, 7 and 10 genera were found at the 2.0, 3.5 and 5.0 m sampling depths, respectively, at the non-cage culture site (see Table 1). At the culture site, the diversity of larval chironomids at the 2.0 m depth was significantly higher than the diversity at the 3.5 and 5.0 m depths (see Table 2 and Fig. 3). However, the diversity did not differ between the 3.5 and 5.0 m depths at the culture site. At the non-cage culture site, the diversity did not differ significantly among the three depths. When all depths were pooled, a Mann-Whitney U test showed that the diversity at the non-cage culture site was significantly higher than that at the cage culture site (p<0.05; 2-tailed test).

Dicrotendipes and Kiefferulus appeared to be the dominant species at 2.0 and 3.5 m at both sites. Pseudochironomus, Micropsectra and Nanocladius occurred only at the non-cage culture site. In addition, several genera, e.g., Pseudochironomus, Micropsectra, Procladius and Nanocladius, occurred only at greater depths. As in the case of diversity, the mean total abundance at 2 m was significantly greater than that at 3.5 and 5.0 m at the cage culture site, but the total abundance of larval chironomids at 3.5 m did not differ significantly from that at 5.0 m. At the non-cage culture site, the mean total abundance at 2.0, 3.5 and 5.0 m did not differ significantly (see Table 2), although the mean total abundance was greater after 14, 28 and 56 days (Fig. 4). A comparison between the two sites based on pooled data with a Mann-Whitney U test showed that the mean total abundance at the non-cage culture site was significantly greater than that at the cage culture site (p<0.05; 2-tailed test).

The values of several environmental parameters decreased with depth (Table 3). Such decreases were especially marked for DO and BOD. Turbidity, TSS and TDS tended to increase slightly with depth. Temperature and pH showed slight variations. A Mann-Whitney U test (Table 2) showed that turbidity and DO at 2.0 m were significantly greater than at 3.5 and 5.0 m at the cage culture site. Only DO differed significantly between 3.5 and 5.0 m. No environmental parameters differed significantly among the three depths at the non-cage culture site.

A between-site comparison of the environmental parameters at the same depth could indicate the effect of cage culture on the larval chironomid habitat. BOD at the cage culture site was greater than that at the non-cage culture site (Table 3) but this difference was not statistically significant. The cage culture activities appeared to influence turbidity at 2.0 and 5.0 m, pH at the 3 depths and DO at 3.5 and 5.0 m.

A Spearman rank correlation analysis of the relationship between the total abundance and environmental parameters showed a positive correlation between abundance and DO at the cage culture site (p<0.01, r = +0.719), whereas abundance and turbidity were negatively correlated (p<0.01, r = –0.846). At the non-cage culture site, only pH was negatively correlated with abundance (p<0.05, r = –0.699).
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Figure 3: Diversity of larval chironomids at the two sampling sites at each sampling time.
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 Figure 4: Mean total abundance (individuals per m2) of larval chironomids at the two sampling sites at each sampling time.



Table 1: Chironomid larvae found at the study sites and their mean abundance (individuals per m2).
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Table 2: Statistical test results for the differences in environmental parameters and larva chironomid abundance and diversity between depths in the same site and between sites at the same depth (Mann-Whitney U test). The significance level of the test was set at p<0.05.
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Table 3: Mean value and range (in brackets) of environmental parameters at each depth at sampling sites.
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DISCUSSION

Chironomid larvae are common, abundant and important organisms in benthic communities (Seminara & Bazzanti 1988). They are a dominant group of insects, representing more than 50% of the density of the macrobenthos (Verneaux & Aleya 1998). Dipterans are also known to represent pioneer taxa, with many chironomid larvae (78% of all species) recorded during early succession in the aquatic macroinvertebrate communities of a newly created shallow lake in a wetland area (Cañedo-Argüelles & Rieradevall 2011). Only 3 of 11 subfamilies found worldwide (Epler 2001; Armitage et al. 1994) were found in the current study. These three subfamilies commonly occur in lentic ecosystems and in aquatic environments affected by fish farms (see Dascălu et al. 2009; Takahashi et al. 2008).

Chironomus, Dicrotendipes, Kiefferulus and Polypedilum were the most abundant genera found in this study. In the fish farm area of the Izvoru Muntelui-Bicaz Reservoir, Procladius sp., Polypedilum nubeculosum and Micropsectra sp. were the most abundant species of chironomid larvae (Freimuth & Bass 1994). In addition, Chironomus, Goeldichironomus and Polypedilum were commonly found at high densities in environments with highly organic sediments (Leal et al. 2004; Callisto et al. 2001; Callisto & Esteves 1998; Freimuth & Bass 1994), whereas many other chironomid genera were not recorded (Callisto et al. 2001). In the current study, a greater abundance of larval chironomids was found at the non-cage culture site, where organic material was less abundant. This difference in abundance may be related to the values of the other environmental parameters.

Several studies have shown that physical and chemical factors strongly influence the composition and abundance of chironomids (Botts 1997; Callisto 1997; Kikuchi & Sasa 1990; Oliver 1971). The diversity and abundance of the larval chironomids at the cage culture site tended to decrease with depth. However, the opposite trends occurred at the non-cage culture site, where the greatest number of genera and greatest abundance were found at 5.0 m. Water depth has been shown to be an important regulator of the distribution of aquatic insects and to be negatively correlated with larval chironomid abundance (Zhang et al. 2012, 2011a; Smiljkov & Slavevska-Stamenkovic 2006; Nyman et al. 2005; Mousavi 2002; Porinchu et al. 2002; Quinlan et al. 1998; Olander et al. 1997; Learner et al. 1989). The sites selected for the current study were chosen to contrast a site with organically rich waters (the cage culture site) with a site with waters that were (relatively) organically poor (the non-cage culture site). The cage culture site was enriched with organic matter from uneaten food pellets and fish faeces. It was also located relatively near the outlet of the lake, where all organic matter entering the lake (via the inlet or runoff) could be concentrated; therefore, it could have a relatively higher organic content than the non-cage culture site at the inlet. This difference was verified by the finding that the BOD at the cage culture site was greater than that at the non-cage culture site, although the difference in BOD values was not statistically significant (see Tables 2 and 3). Several studies of larval chironomids have shown that organic matter (in the form of dissolved organic carbon, total organic carbon or particulate organic carbon) does not have a substantial influence on the distribution of the larvae (Porinchu et al. 2002; Larocque et al. 2001; Olander et al. 1997; Walker et al. 1991). In Swiss lakes, however, a relationship could be demonstrated between dissolved organic carbon and the distribution of larval chironomids, although the dissolved organic carbon alone did not explain a high proportion of the variance in the species data (Lotter et al. 1997). Larocque et al. (2006) and Bigler et al. (2006) have found that the greatest proportion of the variance in chironomid assemblages was explained by the dissolved organic carbon content of the lake water.

It was shown above that water depth may influence the distribution of chironomid larvae, and a previous study has found that the larvae can live at depths of 3 and 5 m (Eggermont et al. 2008) or even at greater depths (Luoto 2012). In the current study, the chironomid larvae at the cage culture site were significantly more abundant at a depth of 2.0 m than at 3.5 and 5 m. The abundance of chironomid larvae at 3.5 and 5 m at the non-cage culture site was significantly greater than that at the cage culture site.

As shown above, the cage culture site was impacted by fish farming and had greater average values of BOD, turbidity and TSS at certain depths but lower values of DO at 3.5 and 5.0 m. Moreover, the larval chironomid abundance and diversity at the cage culture site was significantly lower than that at the non-cage culture site. The occurrence of low species richness in organically polluted waters has been reported by Filik-Ìşcen et al. (2008).

Fish farming in an aquatic ecosystem creates problems caused by waste in the water column and in the vicinity of the net cages and by organic particles that are deposited on the sediment under the net cages. The waste and organic particles are present because the cultured fish consume large amounts of food and introduce large amounts of waste outside the net cages. The waste takes the form of uneaten food and faeces (Degefu et al. 2011; Pawar et al. 2001; Wu 1995; Bergheim et al. 1991; Growen et al. 1991). In addition, organically enriched conditions result in bacterial decomposition and in respiration by phytoplankton. Moreover, the fish in the cages consume DO and produce an oxygen deficiency in the environment of the fish farm (Degefu et al. 2011; Beveridge 2004). Additionally, the uneaten pellets may increase the total amount of suspended solids. As a result, the turbidity would also increase (Degefu et al. 2011; Zang et al. 2011b). Low levels of DO in aquatic environments as a result of fish farming waste have also been noted by several authors (Degefu et al. 2011; Zang et al. 2011b; Zachritz et al. 2008) thus, DO appears to be the factor responsible for the distribution pattern of chironomid larvae in the study area. A few studies have shown that chironomid larvae occur in environments with low oxygen concentrations (e.g., Callisto et al. 2002) due to the ability of the larvae to switch to anaerobic metabolism under these nearly anoxic conditions (Nagell & Landahl 1978; Augenfeld & Neess 1961). However, many more studies have shown that chironomid larvae prefer high oxygen concentrations. The larvae will reach their optimum abundance under such conditions (Özkan et al. 2010; Takahashi et al. 2008; Santos & Henry 2001). The preference of chironomid larvae for high oxygen concentrations is indicated by their biological ability to increase the oxygen concentration by pumping water, creating irrigation if the DO level is low (Roskosch et al. 2012; Gingras et al. 2007; Leuchs 1986; Walshe 1950).

Interestingly, the correlation analyses also showed that the abundance of chironomid larvae was positively correlated with DO at the cage culture site, whereas the correlation between larval abundance and turbidity was negative. These findings underscore the impact of fish farming on larval chironomids. At the non-cage culture site, only pH was negatively correlated with larval abundance. The higher pH value at the non-cage culture site might be related to the higher level of DO produced by the photosynthetic activity of the phytoplankton. Because this activity would cause the absorption of CO2, it might increase the pH value. At the cage culture site, the activity of phytoplankton might be lower due to the higher turbidity.

The present study shows that the cage culture in the study area affected the values of certain environmental parameters, i.e., caused increased organic matter (BOD), turbidity and TSS and decreased DO. Accordingly, the degradation of the environment caused by the cage culture would influence the diversity and abundance of larval chironomids.
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Abstract: Fenotip buah biasanya dihipotesiskan dengan pemilihan oleh frugivor. Kami menguji dua hipotesis mengenai interaksi frugivor-buah dari perspektif warna buah. Kami mengambil bacaan spektra 26 buah dan daunnya dari 2 pulau di New Zealand. Pertama, kami menguji hipotesis buah-dedaun; warna buah dianggap bahawa terhalang secara evolusi oleh daun buah itu sendiri untuk memaksimakan kontra warna dan kejelasan buah. Kami menjalankan analisa model sifar perbandingan kontra warna buah berdasarkan model mata burung. Kedua, kami menguji hipotesis kekhususan frugivor; warna buah yang khusus dianggap berkaitan dengan burung frugivor yang khusus. Kami menjalankan regressi bilangan kunjungan burung dengan warna buah di dalam ruang warna tetrahedral berdasarkan pengiraan mata burung menggunakan ujian Mantel. Keputusan menunjukkan bahawa warna buah adalah tidak terhalang oleh warna daunnya sendiri. Tidak ada sebarang hubungan atau corak yang mencadangkan kaitan antara buah khusus dengan burung yang berkunjung khusus. Kami mencadangkan walaupun warna buah adalah satu komponen yang sering dibincangkan, warna buah bukan merupakan satu-satunya faktor penentu di dalam interaksi frugivor-buah.



Kata kunci: Warna Buah, Warna Daun, Interaksi Frugivor, Model Mata Burung



Abstract: Fruit phenotypes are often hypothesised to be affected by selection by frugivores. Here, we tested two hypotheses concerning frugivore-fruit interactions from the perspective of fruit colours. We measured the spectral properties of 26 fruits and the associated leaves of plants from 2 islands in New Zealand. Visual observations were also performed to record the birds that fed on the fruits. First, we tested the fruit-foliage hypothesis, where fruit colours are assumed to be evolutionarily constrained by their own leaf colour to maximise colour contrast and fruit conspicuousness. We ran a null model analysis comparing fruit colour contrast using an avian eye model. Second, we tested the frugivore specificity hypothesis, where specific fruit colours are thought to be connected with a specific bird frugivore. We performed a regression on the number of bird visits against the fruit colour in tetrahedral colour space based on an avian eye calculation using Mantel’s test. The results show that fruit colours are not constrained by their own leaf colours. There is also no relationship or pattern suggesting a link between a specific fruit colour and specific bird visitors. We suggest that although fruit colour is one of the most highly discussed components, it is not the most important single deciding factor in frugivore fruit selection.
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INTRODUCTION

Plants produce fleshy fruits that, when consumed by animals, act as seed vectors. The sizes, shapes and colours of fruits vary enormously among plant species, and a diverse array of animals (including fish, mammals, reptiles, insects and birds) include fleshy fruits in their diets. Fruit phenotypes have long been hypothesised to be the result of selection by different types of frugivores. However, support for this hypothesis is equivocal.

Plants are often brightly coloured to attract frugivores and pollinators (see Pohl et al. 2008; Raine & Chittka 2007; Burns & Dalen 2002; Kelber 1996; Willson et al. 1990; Janson 1983; van der Pijl 1972). While colour was initially an abstract component, the advancement of animal eye photoreceptor sensitivities has enabled colour to be quantitatively assessed based on the animal’s eye receptor capabilities (Endler & Mielke 2005; Hart 2001; Hart et al. 2000; Vorobyev et al. 1998; Chittka 1992; Backhaus 1991).

Here, we tested two hypotheses predicting that the colours of fleshy fruits result from selection by seed-dispersing birds based on the capabilities of avian eye receptors. First, we tested the fruit-foliage contrast hypothesis, which predicts that fruit colours are more conspicuous when displayed against their own leaves relative to leaves of other species. For example, Burns and Dalen (2002) found that the colours of fruits in coastal British Columbia, Canada, vary over time according to the seasonal changes in the colour of the foliage. Similarly, Lee et al. (1994) found that the colour of New Zealand Coprosma varies interspecifically with leaf size. Larger-leaved species at lower altitudes tend to have red fruits, perhaps to maximise their conspicuousness against green backgrounds. However, Schaefer et al. (2007) rejected the fruit-foliage hypothesis when fruit conspicuousness was tested using an avian eye model. More recently, Burns et al. (2009) found little support for the fruit-foliage contrast hypothesis in five geographic locales scattered across the globe using a similar avian eye model method.

Fruit colouration is the most studied plant signal (Lomascolo & Schaefer 2010; Lomascolo et al. 2008; Schaefer et al. 2004; Voigt et al. 2004). While some studies have shown that frugivores display consistent colour preferences (Lomascolo & Schaefer 2010; Lomascolo et al. 2008; Burns 2005; Burns & Dalen 2002), others have documented variable fruit colour preferences (Schmidt et al. 2004; Dominy & Lucas 2001). However, the question of why fleshy fruits come in a wide assortment of colours is still open for discussion (Whitney 2005; Whitney & Lister 2004). Selection on fruit colour could drive diversification in fruit colours. For example, if a plant species had a wide distribution, overlapping two distinct ranges of dispersers, and variance in genes for the colour of fruit produced, then different colour preferences of the disperser animals could promote fruit colour diversification. Strong and opposing selective pressures from the dispersers would favour different fruit colours across the species’ ranges. Eventually, two emergent species would form, with a low-fitness hybrid zone (where mating between the two species would produce a fruit colour not favoured by either disperser) that reinforces the diversification. Selective pressures such as these could produce a diversification in fruit colours. The second hypothesis we tested to explain fruit colour diversity is referred to as the “frugivore specificity hypothesis,” where different frugivorous bird species are hypothesised to select different colours. For example, a specific avian species might be attracted to red fruits, while another species is attracted to white fruits. The availability of information on animal eye photoreceptor sensitivities provides a new method to evaluate this hypothesis. We performed a regression analysis between colour (based on bird eye cone excitation values) and the number of bird visits.

We measured the spectral properties of fruits and leaves from 26 species of plants from 2 main islands (North and South) in New Zealand. Observations were also made on the number of bird species that feed on the fruits. We conducted spectrometric analyses based on the avian eye model to assess whether 1) leaves constrain the colour of fleshy fruits based on the fruit-foliage hypothesis and 2) specific fruit colours are preferred by specific birds.

MATERIALS AND METHODS

Fruit Colour Analyses

A total of 26 species of fleshy-fruited plants were sampled from 2 study sites in New Zealand. Nine species were sampled from Nelson Lake National Park, South Island (41°81’S, 172°85’E), and 17 species were sampled from Otari-Wilton’s Bush, Wellington, North Island (41°15S, 174°45E). Nelson Lake receives approximately 1000 mm of rainfall per year, and frosts and snow are common in the winter. The vegetation consists predominantly of Nothofagus trees. There is high diversity of small trees and shrubs, mostly dispersed by birds. Most of the forested area remains undisturbed by human activities. Otari-Wilton’s bush receives annual rainfall of 1250 mm. The forested area consists of mature and regenerating conifer broadleaf forest (see Burns & Dawson 2005). The sampled plants were the most common fleshy-fruited species at either site and were included on because they were encountered during foraging observations of fruit-eating birds. Five fruit and leaf samples were taken from each of five individual plants from all species. For each fruit and leaf collected, five spectrometric readings were taken and averaged prior to analysis.

The spectral analysis of each fruit and leaf was conducted using a USB OceanOptics 2000 (OceanOptics, Florida, USA) spectroradiometer, and a Xenon Pulse X2 (OceanOptics, Florida, USA) lamp was used as the light source. The reflection was measured as the proportion of a Diffuse Reflectance Standard (white standard). The fibre optics probe was mounted inside a matte black plastic tube to exclude biases caused by ambient light. The distance between the probe and the leaf or fruit was set at I cm. The angle of illumination and reflection was fixed at 45° to minimise the objects’ glare. The spectra were processed with SpectraSuite (OceanOptics, Florida, USA) software and calculated in 5 nm intervals from 300 to 700 nm. The irradiance was measured by using a cosine corrected sensor, and a D65 light (normal daylight) bulb was used as a reference.

We used an eye model based on the spectral sensitivities and receptor noise of the four cone types possessed by birds (u, s, m and l) to quantify the fruit and leaf colours as they would appear to a typical avian frugivore. We quantified the appearance of leaves and fruits using the contrast comparison method, which follows simple colour pattern measures related to photon capture (Endler & Mielke 2005; Vorobyev et al. 1998). Detailed explanations of the mathematical formulae are given elsewhere (Vorobyev & Osorio 1998; Osorio & Vorobyev 1996), but the model is sufficient to predict the discriminability of any two of spectra, provided only that the receptor spectral sensitivities and noise can be estimated (refer to Appendix 1 for further calculations). The calculation provides photon capture values for each type of cone receptors in the bird’s eye. The receptor spectral sensitivity values were obtained from Endler and Mielke (2005).

Colour is defined as a point in a perceptual space whose co-ordinate axes represent quantum catches of receptors (Poirson & Wandell 1990). An object’s appearance is a function of two components, the chromatic (wavelengths) and achromatic (brightness) contrasts between an object and its spectral background. The colours we can see are chromatic; for example, the colour red is within the 600–700 nm wavelength. Achromatism, or brightness, refers to the intensity of the colour itself (for example; dark red or light red). We used the tetrahedral transformation method (refer to Endler & Mielke 2005; Aitchison 2003) to characterise the chromatic contrasts. First, the output of each of the four cones (u, s, m and l) was transformed into points in tetrahedral space with a height of 1, resulting in x, y and z Cartesian coordinates in three-dimensional space.
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The Euclidean distance between any two points in tetrahedral colour space (C) represents the difference between the chromatic components of their appearances.
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For example, a large Euclidean distance between the points representing a fruit and its corresponding leaf background would indicate a chromatically conspicuous fruit display. Achromatic (brightness) contrasts were calculated differently because the exact working nature of achromatic signals in birds is still poorly understood (Hart 2001; Osorio et al. 1999; Campenhausen & Kirschfeld 1998). Some birds have double cones with broad spectral sensitivities that overlap with both long and medium wavelength-sensitive cones, and these double cones facilitate achromatic signal processing (non-colour based tasks) (Cuthill 2006; Jones & Osorio 2004; Hart et al. 2000). Achromatic contrasts (?S) were calculated as:
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fi represents the difference between two objects in their capacity to stimulate receptor mechanisms (refer to Vorobyev et al. 1998; Osorio & Vorobyev 1996) and D represents the value of double cones. Because D is the same for all targets, it does not affect relative achromatic contrasts. The only available double cone receptor data sensitivity is based on Leiothrix lutea, and the D is therefore valued at 0.05. The discriminability of any two colours is described by the “distance,” fi between them in “just noticeable differences” (JND) units. This method sometimes produces negative values, which simply indicates that one object is darker than the other, and its sign depends on which reflectance data set is entered into the calculation first. Absolute values were used for the statistical analysis. All of the eye model calculations and statistical analyses were conducted in R 2.10.1 (R Development Core Team 2010).



Frugivore Sampling

Observations of birds foraging for fruit were conducted using the protocol described by Burns and Lake (2009) and Burns (2006a). Over the course of three fruiting seasons on the North Island (November to June from 2006–2008) and two fruiting seasons on the South Island (March to May from 2007–2008), we visited a series of trails and observed birds foraging for fruit. We classified an observation as a “visit” when a bird approached a plant and consumed at least one fruit. Observations were halted after each sighting to avoid repetition, and observations continued again 10 m further along the path at different trees. Each observation session was conducted from 8.00 a.m. until 11.00 a.m. There were three trails selected at Nelson Lakes (two hiking trails, one leading up to St Arnaud Mountain and the other to Mount Roberts, and one walking trail along Lake Rotoiti). Four trails were used at the Otari-Wilton’s Bush area (one walking trail around the native garden area and three sections of the hiking trail inside the bush area). More than 80 hours of observation were conducted in the South Island, and more than 100 hours were conducted on the North Island. The fruiting season on the North Island (November-June) is more protracted than that of the South Island (March-May) (Burns & Lake 2009), so a longer observation period was required on the North Island to adequately characterise bird-fruit interactions.



Statistical Analysis

First, we examined fruit colour variation by comparing the chromatic and achromatic values of the fruits gathered from North and South Island. The values were compared statistically using a t-test. Second, to test the fruit-foliage hypothesis, we compared the chromatic and achromatic contrast of a fruit matched with its own leaf (observed value) against the average contrast value from the same fruit matched with the leaves of other plants excluding its own (expected value). In contrast to the methods used by Burns et al. (2009), we suggest that the null model value should be from the comparison of a specific fruit (for example, fruit a) against the leaf reflectance of all other fruits (excluding fruit a’s leaf reflectance). The values were compared statistically using ANOVA with the observed and expected values designated as the dependent variables. To test the geographical factors, we set the locality (North or South) as the random factor. Because the single observed value is compared against the expected values, which are derived from an average (calculated from (n–1) number of plants), there might be variability in the expected value data spread. To resolve this issue, we calculated z score values from each of the expected results. We then performed a sample t-test on the z score values with the test value set at 0. An insignificant result would show that data variability has no effect on the overall results. The test was performed on both chromatic and achromatic comparisons for North and South Islands.

Third, to test the frugivore specificity hypothesis, we composed two matrices (for North and South Islands) based on the number of visitations by a bird species to a specific plant species. The values were first transformed (using square root transformation) to conform to data normality and homogeneity. Because certain birds only visit certain plants for each island group, our data matrix is prone to heteroscedasticity. We experimented with several data transformation methods, but these methods did not qualitatively change the results, so we only report here the results of the analysis based on the square root transformation method.

We then conducted Proximity Scaling (PROXSCAL) multidimensional scaling (MDS) following the methods of Beaumont and Burns (2009). The MDS analysis was conducted separately for the North and South Islands and the corresponding information was then transformed into two dimensions. Each data point represents a plant from both islands that was plotted in a two-dimensional area. Points situated close together represent fruits that might share the same bird visitors, while widely separated points represent a different type of bird visitors. We then proceeded to calculate the Euclidean distances between each of the points. We converted the fruit reflectance values into coordinates in tetrahedral colour space, so that each fruit colour was represented by x, y and z coordinates in tetrahedral colour space. Points that are situated close together represent fruits that are identical in colour, while widely separated points represent differently coloured fruits. Similar to the previous method, we calculated the Euclidean distances between each of the points. Both groups of values (the distance values obtained from the MDS and the distance values obtained from the tetrahedral colour space analysis) were first transformed into matrices before Mantel’s test was performed. Mantel’s (1967) test is an approach that overcomes some of the problems inherent in explaining species-environment relationships. The calculation utilises regressions in which the variables are themselves distance or dissimilarity matrices summarising pair-wise similarities among sample locations. Mantel’s test was conducted using R 2.10.1 (R Development Core Team 2010) (with the additional “ecodist” package), and each permutation was repeated 1000 times. Mantel’s test was conducted separately for the North and South Islands.

RESULTS

On the North Island, 12 species of birds (total) were recorded in 1253 observations. The relative frequencies of the 12 species of birds recorded on the North Island were as follows: waxeye Zosterops lateralis, n = 592; European blackbird Turdus merula, n = 235; tui Prosthemadera novaeseelandiae, n = 181; stitchbird Notiomystis cincta, n = 92; whitehead Mohua albicilla, n = 44; bellbird Anthornis melanura, n = 22; kaka Nestor meridionalis, n = 16; saddleback Philesturnus carunculatus, n = 62; European starling Sturnus vulgaris, n = 3; European songthrush Turdus philomelos, n = 2; malard Anas platyrhynchos, n = 1; and kereru Hemiphaga novaeseelandiae, n = 3. A total number of 158 observations were recorded for the South Island, and 6 species were observed. The relative frequency of the 6 species of birds recorded in South Island were as follows: Z. lateralis, n = 126; T. merula, n = 18; brown creeper Mohuoua novaeseelandiae, n = 4; T. philomelos, n = 3; A. melanura, n = 5; and P. novaeseelandiae, n = 2. A total of 17 species of plants from 14 families were sampled on the North Island, and 9 species from 7 families were sampled on the South Island (refer to Table 1).

There was no significant difference in the mean colour (chromatic) of North island (mean = 0.560.20 JND) and South island fruits (mean = 0.470.47 JND) (t-test = 1.174, df = 24, p = 0.25). The results for achromatic contrasts between North Island (mean = 23.2812.67 JND) and South Island fruits (mean = 25.2221.08 JND) were also similar (t-test = –0.30, df = 24, p = 0.77).

Our results do not support the fruit foliage contrast hypothesis (Fig. 1). There was no significant difference between the observed value and the expected value for chromatic contrast (ANOVA F = 7.412, df = 1, p = 0.224), and this result applies to both the North and South Islands based on the locality interaction (ANOVA F = 0.020, df = 1, p = 0.887). Further z score distribution analysis showed no data variability effect for the North (t = 0.259, df = 16, p = 0.799) and South Islands (t = –0.545, df = 8, p = 0.601). Achromatic comparisons also yielded the same conclusion. There was no significant difference between the observed value and the expected value for achromatic contrast (ANOVA F = 0.692, df = 1, p = 0.558). There was also no significant difference in the locality interaction (ANOVA F = 3.674, df = 1, p = 0.070). A z score distribution analysis also showed no effect of data variability for the North (t = 1.533, df = 16, p = 0.145) and South Islands (t = –1.789, df = 8, p = 0.111).

The MDS analysis showed that the plants are distributed across the two dimensions with some degree of clumping in some species and scattered data points based on geographical location (Fig. 2). Because MDS reduces the information into two dimensions, this inevitably results in the loss of some information. An inverse goodness-of-fit stress measure is needed to determine the accuracy of the two dimensions. Based on the Normalised Raw Stress value of 0.001 for both the North and South Islands’ MDS, the plot dimensions appear accurate. Sturrock and Rocha (2000) reported that a stress value of 0.1 or lower is a good indication of plot dimension accuracy. Figure 3 shows the fruit colour distribution in a tetrahedral colour space. Mantel’s test correlates the distance values within these two graphs (Figs. 2 and 3). Simulated correlation results for North Island (Mantelr = 0.025, p = 0.144) and South Island (Mantelr = 0.101, p = 0.963) show that the null hypothesis could not be rejected, and the MDS distances and the tetrahedral distances are unrelated at alpha = 0.05 (Fig. 4). This suggests that there is no significant support for the frugivore specificity hypothesis.



Table 1: Full list of plants (with abbreviations used for other figures), sampled location, and the chromatic and achromatic contrasts (observed values) along with the total number of bird visits (values in brackets refer to standard error values).
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Figure 1: The observed and expected values of fruit colour contrast: (a) chromatic contrast refers to the Euclidean distance in tetrahedral colour space; (b) achromatic contrast refers to the JND values from the avian eye model calculation.
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Figure 2: Multidimensional scaling of plant species based on bird visitation (refer to Table 1 for abbreviation descriptions; grey squares represent South Island plants and black diamonds represent North Island plants, most of the points overlap).
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Figure 3: A tetrahedral colour space representation of the fruit colours. Each point represents how the specific colour of a fruit is processed by the bird eye receptors (refer to Table 1 for abbreviation descriptions; black circles represent South Island plants and open circles represent North Island plants).
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Figure 4: Mantel’s test correlation results for North Island (black diamonds) and South Island (grey squares) between the distances from the multidimensional scaling based on bird visits and distances in the tetrahedral colour space.

DISCUSSION

North and South Island fruit colours were perceived similarly by birds, both chromatically and achromatically. Although the sample size is smaller than that used by Burns et al. (2009), both results indicate that colour foliage contrasts do not differ based on geographical location. Our results also do not support either the fruit-foliage or frugivore specificity hypothesis. The latter tested at a very fine level of specificity.

The results suggest no evidence for the fruit-foliage hypothesis, consistent with Burns et al. (2009). Although the Burns et al. (2009) hypothesis was generated based on the avian eye model, we detected a slight inaccuracy in their null model calculations. Burns et al. (2009) selected random points inside the tetrahedral space for comparisons between fruit colour and leaf colour and calculated the distance between them. This procedure was then iterated 1000 times using the Mathematica software (Wolfram Research, Illinois, USA). This method only generates averages of distances between points inside the tetrahedral space; it does not generate an accurate null model value. Our null model provides a more precise calculation and possible data variability issues were addressed accordingly. Furthermore, there are two components involved in colour vision, which are chromatic/colours and achromatic/brightness; the latter component was not included in the analysis performed by Burns et al. (2009).

A possible explanation for the rejection of the fruit-foliage hypothesis is that both leaf and fruit colours do not remain constant throughout a plants’ life. Fruit and leaf colours change throughout different seasons (Archetti 2009b; Lev-Yadun & Gould 2007; Sanger 1971) due to environmental stresses (Archetti 2009a) and changes in chemical content (Schaefer & Schmidt 2004). Therefore, it is impossible for a fruit colour to remain exclusively significant only to its own leaf colour. Another possibility is that the conspicuousness of fruit colours is not targeted exclusively for avian vision (Schaefer et al. 2007). Birds are known to select fruits based on content availability rather than conspicuousness (Schaefer et al. 2003a, b).

Our results shows that specific birds are not attracted to specific fruit colours. Burns and Lake (2009) suggest that introduced European birds might exhibit little selection for fruit colours because of their limited evolutionary history with New Zealand plants. Another possibility could be that focusing solely on fruit colours is too simplistic. Although colour is an important cue used by frugivores to find fruits, there are other important cues that could have been overlooked, such as fruit density, odours and texture (Dominy & Lucas 2001). Sanitjan and Chen (2009) found that ficus fruit colour and fruit size did not significantly influence the number of bird species, whereas habitat context appeared to influence the composition of visiting birds. Similarly, a plant–frugivore analysis at major river basins across Europe found that avian frugivore richness was more dependent on environmental factors than on fleshy fruited plant species richness (Marquez et al. 2004). Another example of habitat-specific effect is the distribution of polymorphic colour fruits of Alepis flavida in New Zealand. The mistletoes were mostly affected by habitat differences rather than avian frugivory (Bach & Kelly 2004a, b). Different levels of available light (caused by the thickness of canopy cover) among habitats have also influenced frugivore selection more than colour preferences (Cazetta et al. 2009). Most fruit-eating bird species do not specialise on the fruits of a particular plant species (Kissling et al. 2007). Instead, frugivorous bird species often treat fleshy fruited plant species as interchangeable (Herrera 2002; Zamora 2000). Plants with similar fruits might be used by a similar variety of frugivores, and subsequently might have similar distributions of dispersed seeds (Pizo 2002). Another example is the study of generalisation in pollination systems. Evolutionary biologists mostly preferred extreme specialisation in pollination systems, regarding generalisation as a rarity. Waser et al. (1996) argued that generalisation-the use of several plant species by a pollinator and of several pollinator species by a plant-appears to be the rule rather than the exception. This indicates that narrow specialisation rarely occurs and could not be expected on theoretical grounds. However, the Waser et al. (1996) findings are based on a majority of tropical forest examples, lacking evidence from other regions such as temperate forest.

Other fruit traits that might be equally important for frugivore selection are fruit size, fruit protection, fruit phenology, seed size, seed number and nutritional content of the fruits (Chen et al. 2004; Schaefer et al. 2003b; Willson et al. 1990; Willson et al. 1989; Gautierhion et al. 1985; Wheelwright & Janson 1985; Janson 1983; Knight & Siegfried 1983; Herrera 1982; Willson & Thompson 1982). Conspicuousness of fruit colours is not optimised specifically to bird vision, and there are other animals that disperse fruit in New Zealand, such as bats, lizards and weta. Each of these taxa sees and has different vision capabilities and eye structures (Burns 2006b; Duthie et al. 2006; Lord et al. 2002; Wotton 2002; Lord & Marshall 2001). There is evidence that fruit colour can explain differences in frugivore assemblage if the comparisons were based on interguild (e.g., when comparing primates and birds) (Lomascolo & Schaefer 2010; Voigt et al. 2004). Evidence for specific animal species selecting a specific fruit colour is almost unknown.

The preference analyses we performed are based on the avian eye model, and they therefore provide a more accurate result than previous studies (Burns et al. 2009). We acknowledge that our correlation analysis only involves the chromatic component, which allows the calculation of distances in tetrahedral colour space, whereas the achromatic component could not allow us to emulate the same procedure. There is also the possibility of a spatio-temporal scale effect, where a larger dataset and different taxonomic comparisons could produce different results (Burns 2004). With a refined null model calculation and the inclusion of the achromatic component, our results provide a more complete understanding of the dynamics of fruit and leaf colour.

In conclusion, we found no evidence of colour constraints between fruits and leaves based on the fruit-foliage hypothesis. There is also no support for the frugivore specificity hypothesis. Colour alone does not exclusively affect the interaction between plants and animals. We suggest that analysis of colour (both chromatic and achromatic) along with other fruit traits might produce different results.
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Abstrak: Taman Negara Pulau Pinang adalah satu-satunya kawasan di Pulau Pinang yang mempunyai populasi Helang Siput (WBSE) Haliaeetus leucogaster; bagaimanapun, tempat bersarang WBSE masih belum dikaji secara meluas. Informasi terhadap lokasi tempat bersarang WBSE adalah penting untuk kerja pemuliharaan oleh pihak berkuasa tempatan, objektif kajian ini ialah menentukan taburan tempat bersarang WBSE di hutan dipterokap pantai, Taman Negara Pulau Pinang. Tinjauan telah dijalankan daripada Disember 2007 hingga Julai 2008 dan Oktober 2008 hingga April 2009, meliputi musim membiak spesies ini (SeptemberJulai). Tempat bersarang diperhatikan daripada sebuah bot dan tinjauan dijalankan disepanjang pinggir laut yang boleh dimasuki. Tinjauan tempat bersarang telah dijalankan selama tiga hari/sebulan daripada 0900 hingga 1500, dan tinjauan dikawasan laut Taman Negara Pulau Pinang telah dilakukan dengan menggunakan sebuah bot. Sejumlah 34 tempat sarang WBSE telah ditempatkan. Kebanyakan sarang yang diduduki (tujuh sarang) telah dijumpai di kawasan Muka Head dan Pantai Kerachut, yang menunjukkan konsentrasi kepadatan habitat yang tinggi yang diduduki oleh WBSE di Taman Negara Pulau Pinang. WBSE cenderong untuk membina sarangnya disekitar Muka Head, kerana kekerapan pusaran pada jasad air disekitar kawasan tersebut. Haiwan akuatik, seperti ular air dan ikan, dikejutkan oleh pusaran air yang timbul pada permukaan laut, dan ini membantu WBSE untuk memburu dan mendapatkan makanan. Ini adalah penting untuk mengekalkan dan meningkatkan kawasan yang sesuai untuk habitat membiak WBSE. Langkah pengurusan hendaklah termasuk (1) pantauan tahunan tempat bersarang di semua kawasan Taman Negara Pulau Pinang semasa musim membiak untuk menentukan kejayaan pembiakan per masa, (2) mengenalpasti habitat kritikal atau pemilihan tempat bersarang oleh WBSE, (3) penubuhan zon penampan sekitar tempat bersarang dan habitat yang berpotensi daripada gangguan manusia, dan (4) menggalakkan kajian berterusan untuk kefahaman lebih lanjut mengenai spesies ini.



Kata kunci: Helang Siput, Taman Negara Pulau Pinang, Sarang, Pemuliharaan, Pengurusan



Abstract: Taman Negara Pulau Pinang (Penang National Park) is the only site on Pulau Pinang that supports a large population of the White-bellied Sea-eagle (WBSE) Haliaeetus leucogaster; however, the nesting sites of WBSEs have not been widely studied. As information on the location of WBSE nesting sites is very important for conservation works by local authorities, the objective of this study was to determine the distribution of nesting WBSEs in the coastal dipterocarp forest of Penang National Park. Surveys were conducted from December 2007 to July 2008 and October 2008 to April 2009, covering the breeding season of the species (SeptemberJuly). The nesting sites were observed by boat along the coastline of Penang National Park and by performing ground surveys along the seashore at accessible areas; the nest survey was conducted three days/month from 0900 to 1500. A total of 34 WBSE nesting sites was located. Most of the occupied nests (seven nests) were found at Muka Head and Pantai Kerachut areas, which exhibit the densest concentration of occupied WBSE habitat in Penang National Park. WBSEs preferred to build their nests around Muka Head, which could be due to the frequent occurrence of whirlpools in the water body around that area. Aquatic animals, such as sea snakes and fish, stunned by the whirlpools would emerge to the sea surface, facilitating the foraging and feeding of WBSEs. Our results indicate that it is important to maintain and improve areas of suitable nesting habitat for WBSEs. Management actions should include (1) the yearly monitoring of known breeding sites throughout Penang National Park during the breeding season to determine breeding success over time, (2) recognising the critical habitat or nest-site selection of WBSEs, (3) establishment of a buffer zone surrounding nesting sites and potential habitat from human disturbance, and (4) encouraging on-going research to further understand this species.



Keywords: White-bellied Sea-eagle, Penang National Park, Nest, Conservation, Management

INTRODUCTION

The sea eagles (genus Haliaeetus) belong to the family Accipitridae; they are diurnal birds of prey and possibly one of the oldest genera in living birds (Rasmussen et al. 1987). The endemic White-bellied Sea-eagle [WBSE (Haliaeetus leucogaster)] is the largest avian species in Penang National Park and is also the largest resident raptor species in Malaysia (Jeyarajasingam & Pearson 1999). Although the WBSE is one of the most common soaring raptors in the country, the distribution and abundance of nesting areas for this species at the regional or local scale remain poorly studied and described. Therefore, information about this species for awareness and conservation purposes has been gathered from published articles in other countries and from expert opinions. Accordingly, an improved understanding regarding the ecology and behaviour of this species is essential for the proper design of management and conservation strategies.

WBSEs are native to New Guinea and China, all of the coastal countries of mainland Southeast Asia (Thailand, Malaysia, Singapore, Indonesia and the Philippines), Australia and India. This species is also found in other island groups, from Bangladesh, Sri Lanka, Burma, Andaman, Laos, Ceylon, Wallacea, Bismarck Archipelago, Nicobars, and Greater Sundas in the west to Hainan, Taiwan, New Ireland, New Britain, and Louisiades in the east, and south around Australia to Tasmania (Ferguson-Lees et al. 2001; Strange 2000) (Fig. 1).

WBSEs can be found mainly on sea coasts, large rivers, inland freshwater swamps, settled mining pools, reservoirs and open country (Ferguson-Lees et al. 2001). These magnificent eagles are a common sight in coastal and near coastal areas, soaring slowly on thermals and holding their wings in a V-shape (other raptors hold their wings horizontally) or perched high on trees. The species is primarily recorded in coastal lowlands but can occupy habitats up to 1400 m above sea level on the Northern Tablelands and up to 800 m above sea level in Tasmania and South Australia (Marchant & Higgins 1995). Breeding has been recorded on the coast, at inland sites and on offshore islands (Marchant & Higgins 1995). Breeding territories are located close to water and mainly in tall open forest or woodland (Marchant & Higgins 1995; Emison & Bilney 1982), though nests are also occasionally found in other habitats, such as dense forest (including rainforest), closed scrub and in remnant trees on cleared land (Emison & Bilney 1982).




[image: ]


Figure 1: Global distribution of WBSE as designated by the grey line (adapted from Ferguson-Lees et al. 2001).



For WBSE, the main attribute of a nest site is height, choosing the tallest objects near the coasts or other large body of water (e.g., reservoir) (Strange 2000; Jeyarajasingam & Pearson 1999). The sites include tall emergent trees in mangroves or along the shore or a tall telecommunication mast (pylon); indeed, when a taller pylon is built nearby, the birds often shift to the taller structure. The birds may also nest on islands, occasionally on a small tree growing on a cliff face, on a rocky cliff or on rocky ledges where there are less ground predators (Marchant & Higgins 1995).

WBSE adults are commonly found living in pairs, and the nests serve as breeding, feeding and sleeping platforms, also acting as territorial flags (Marchant & Higgins 1995). The nests are large (1.5 m across and 2.0 m tall), composed of sticks and lined with green vegetation, and often located on a tree up to 30 m above the ground (Strange 2000). The same nests are reused in succession during every breeding season and are built up until they become a large pile of sticks; if the original pair does not return, another pair soon takes over the abandoned nest (Herklots 1954). Two bluish-white eggs are laid in a nest that has been lined with green leaves, mainly for hygiene. The female incubates while the male feeds her and defends the nest from other birds and intruders. The eggs require up to 4044 days to hatch; typically, the first nestling to emerge will destroy the other egg. The nestling will live in the nest up to 95 days (approximately 3 months), and the fledgling is dependent on its parents for food for another few months. Once independent, mortality is high; yet, if the young eagle survives to breeding age, which may not occur until the eagle is 6 years old (Marchant & Higgins 1995), it might live for 30 years (Parks and Wildlife Service Tasmania 2003).

Most of the research to date on the WBSE has been conducted in mainland Australia and the Tasmanian region. The species is considered to have a declining world population, and concern has been expressed in recent years over the conservation status of the WBSE in Australia (Shephard et al. 2005; Marchant & Higgins 1995; Emison & Bilney 1982). Studies have been reported on the foraging behaviour (Wiersma & Richardson 2009), distribution and breeding status (Dennis & Baxter 2006), conservation genetics and trends in continental distribution and abundance (Shephard et al. 2005; Shephard 2003), biology and diet (Debus 2008), and habitat use and nest site characteristics (Emison & Bilney 1982) of Australian WBSEs.

In Malaysia, WBSEs are commonly observed in the coastal and near coastal areas of Taman Negara Pulau Pinang (Penang National Park), soaring on thermals or perched high on the tree. According to Kumar (2004), Penang National Park is the only site in the state that supports a large population of WBSE, with at least 6 breeding pairs and a population of approximately 20 to 30 birds, which is possibly the largest population in northern Peninsular Malaysia. Although the species distribution is island-wide, there is a high concentration in Penang National Park in terms of nesting sites and population density (Kumar 2004); the park area is also used as a roosting site by non-breeding birds.

In this study, surveys were conducted to provide preliminary estimates about the distribution and population of WBSE in Penang National Park and species distribution maps. These estimates will be useful as baseline data for future population assessments and monitoring of the species.

MATERIAL AND METHODS

Study Area

WBSEs are known to nest in the coastal hill forest in the northwestern part of Pulau Pinang (D. Kanda Kumar, Malaysia Nature Society, pers. comm.). This preliminary study focused on the Penang National Park area, which is situated at the northwest corner of Pulau Pinang; also known as Pantai Acheh Forest Reserve, the park is located at latitude 5 28 N and longitude 100 10 E (Fig. 2). The area covers approximately 2562.963 ha, comprising 1181.949 ha of land, primarily coastal hill dipterocarp forest, coastal mangrove forest, sandy beaches and rocky shores, and 1381.014 ha of sea areas (Yusop 2004). Most of the land areas are composed of granite rock that consists of hill land (Chan et al. 2003). The lowlands are narrow and small in size, occupying only the immediate coastal areas north and west of Penang National Park. The establishment of Penang National Park as a protected area could result in a positive impact on the conservation and management of WBSEs in addition to the other flora and fauna species inhabiting the park.
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Figure 2: Location of Penang National Park on Pulau Pinang and Peninsular Malaysia.



Portions of the area were logged prior to 1955, but logging activities have since ceased (Mansor 2003). In 1966, approximately 800 ha of the Pantai Acheh Forest Reserve was recultivated and received silvicultural treatment, i.e., some supplementary tree planting (Malaysian Nature Society 1999). Although a small portion had been logged, the area is still substantially intact, including a pristine virgin jungle (approximately 80 ha) that is undisturbed and designated as the Virgin Jungle Reserve; this jungle contains a variety of shore habitats, ranging from rocky outcrops and sandy beaches to estuarine flats at the mouths of the streams. The sandy beach zone covers seven beaches, namely, Teluk Bahang, Teluk Aling, Teluk Duyung (Monkey Beach), Teluk Ketapang, Pantai Kerachut, Teluk Kampi and Pantai Mas. Mansor (2003) states that most parts of this area are high in commercial timber plant species, which can be categorised as a Shorea community.

The vegetation coverage throughout the Penang National Park area consists primarily of higher elevation, large and tall emergent dipterocarp tree species, such as Shorea sp., Hopea sp., and Dipterocarpus sp., which are believed to be preferred by H. leucogaster (D. Kanda Kumar, Malaysia Nature Society, pers. comm.) in addition to the medium-sized trees, such as Gluta sp. and Eugenia sp. riparian plants (kelat, Syzygium gratum; terap, Artocarpus scortechinii) and monocotyledons (pandan, Pandanus odoratissimus; salak, Salacca conferta; bertam, Eugeissona tristis; nibung, Oncosperma tigillarium), which dominate the areas of lower elevation. There are occurrences of small patches of mangrove forest along the shores of Pantai Mas and at the river mouth of Sungai Tukun consisting primarily of Avicennia sp., Sonneratia sp. and Bruguiera sp., which provide additional suitable habitat for eagle species. The vegetation that covers the beach ridges includes Ipomea sp., Cocos nucifera and Casuarina sp. Most areas of native forest and scrub have been replaced by fern (Dicranopteris linearis), particularly in disturbed and open areas.

The topography of Penang National Park can be broadly divided into two main geomorphic units: narrow coastal plains and hills. The areas are primarily composed of granite hill land with steep slopes. Indeed, almost 80% of the Penang National Park area consists of hill land with heights ranging from approximately 100 to approximately 460 m above sea level (asl). The terrain in the area is typically rugged and steep, with slopes of more than 30%. Many of the hills approach near the coast, ending as a steep cliff (Chan et al. 2003).



Nest Site Survey

The survey of nesting sites was focused in Penang National Park; all nesting sites were counted, including both occupied and unoccupied nests. The survey was conducted from December 2007 to July 2008, covering a complete breeding season of the species, and revisited surveys were also conducted from October 2008 to April 2009 to accurately locate and census the distribution of the nesting sites. All surveys were conducted during the breeding and non-breeding seasons.

A nesting site is defined as the immediate location at which a pair of sea eagles attempts to rear offspring (Mathiu et al. 2006), with a clearly recognisable nest cavity. However, as the purposes of this study were only to determine the distribution of nesting sites of the eagle species and to provide conservation and management information about WBSE, successful breeding was not taken into account.

The status of each nest was defined as occupied if adults were present within a 1 km radius from a known nest or if there were signs of recent activity, such as adults bringing food to the nest, and other territorial behaviour. Only nests occupied at some times during the breeding season were considered to belong to a potential breeding pair, data that can be used to estimate the breeding population.

To facilitate nest location, additional information on WBSE sightings was regularly collected from the local people and park rangers. Due to an exhaustive search at the inland area, the search and survey efforts were concentrated on likely habitats in the coastal zone of the park and, in particular, on revisiting the sites where breeding had been recorded previously.

Most of the nesting sites were observed from boat and during ground surveys along the sea shore in accessible areas. The precise locations of nesting sites were determined by compass bearing and the estimate of distance from a fixed viewing point, as determined using a hand-held Garmin 60CSx (Garmin International Inc., Kansas, USA) GPS receiver unit (<4 horizontal accuracy with differential correction) (Fig. 3). The nest survey was conducted three days/month from 0900 to 1500, and a survey of the entire coastline of Penang National Park was conducted by boat.
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Figure 3: Determination of nest location using GPS compass bearing.

RESULTS

Very few data on the distribution and abundance of WBSE in the study area are available from previous surveys. Indeed, there is only one regional survey that attempts to map WBSE nests and to provide local estimates of breeding populations at localities throughout the Penang National Park area (Kumar 2004). A total of 34 nesting sites of WBSEs were located during the survey period (20072009) (Fig. 4) (see Table 1 for locations of occupied nests). Three nests were located at Teluk Aling (two occupied), two at Teluk Duyung (Monkey Beach) (one occupied), five at Muka Head (three occupied), four at Teluk Ketapang (two occupied), eight at Pantai Kerachut (four occupied), five at Teluk Kampi (one occupied), and seven at Pantai Mas (two occupied). These data exceeded those reported in previous surveys by Kumar (2004), which were conducted from 2000 to 2004, with a total of 16 nesting sites located. All of the nests were found in the coastal or near the coastal region of the Penang National Park area, consistent with the earlier study by Kumar (2004).

The boat surveys were particularly successful as a platform to observe the target species and locate nest structures. The boat-based surveys were appropriate because they provided minimal disturbance, without discernible changes in the natural behaviour of the birds (Dennis & Baxter 2006). The search and location of nests by ground surveys were rather difficult due to the highly dense forest canopy and obstruction of middle-storey plants and trees by foliage. Based on observations during the boat-based surveys, the authors are confident that there no nests existed in inland locations.


Table 1: Nest site locations.
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Figure 4: Location and distribution of the WBSE nesting sites on map (image from Google Earth).

DISCUSSION

The survey of 34 WBSE nests revealed a rate of territory occupied of 16 of 34 (47%) (Table 1). However, the rate of territory may be different in other areas, as there were apparent differences in the surrounding activity, e.g., food abundance and human disturbance (Thurstans 2009). Most of the WBSEs built their nest on cliffs in open coastal landscapes, with little visual screening over a long distance (Dennis & Baxter 2006). Most of the occupied nests (seven nests) were found at Muka Head and Pantai Kerachut; four of these nests were considered active during the course of the survey, comprising the densest concentration of occupied WBSEs habitat in Penang National Park. The WBSEs preferred to build their nests around the Muka Head area, which could be due to the frequent occurrence of whirlpools in the water body around that area: aquatic animals such as sea snakes and fish stunned by the whirlpools would emerge to the sea surface, facilitating the foraging and feeding of the birds.

The WBSEs were more concentrated at the southern and western parts than the eastern part of the park. This finding was because these parts were less disturbed than the eastern part of the park, even though fishing activity by local fisherman was common around the coastal area. Most of the intact forested areas were also located in these less disturbed parts, and the western and southern parts, including Teluk Ketapang, Pantai Kerachut and Teluk Kampi, are also rarely visited compared to Teluk Duyung (Monkey Beach) and Teluk Aling, which are located at the eastern part of the park. Furthermore, the main entry to the park, which is located at Teluk Bahang, was busy with tourist-based activities: commercial boat tours bring visitors from Teluk Bahang to Teluk Duyung (Monkey Beach) and Pantai Kerachut daily. Accordingly, all nest sites located at Teluk Duyung (Monkey Beach) were considered to have a high potential of human disturbance (Table 1: level of threat). Previous work has proven that most raptors are very sensitive to human activities, particularly during their breeding season (Thiollay 2007; Camp et al. 1997, Richardson & Miller 1997).

No nests were found in the long stretch of Sungai Pinang mangrove area at the southern part of the park, possibly due to the absence of suitable trees for nest placement. Another finding from the survey was that most of the mangrove areas had been occupied by another species of raptor, Brahminy Kite (Haliastur indus), as their nesting habitat. WBSE juveniles were also observed using these areas to forage. It was estimated that over 30 individual birds were recorded during the survey, including juveniles and wandering or solitary birds, with at least 8 breeding pairs. This population number is considered quite high for a such small area of the study site. However, any calculation based on area would be pointless, particularly considering such a small island as Pulau Pinang where the species is generally regarded as common. Furthermore, a nest count may not accurately indicate the population number of a species because several nests of the same pair may exist within a given territory [Department of Sustainability and Environment (DSEV) 2003].



Conservation Status

The WBSEs has been listed as a totally protected wild bird on Schedule III of the Wildlife Conservation Act 2010 (Government of Malaysia 2010). Malaysia acknowledges that the protection of wildlife and sustainable environment management are important and desirable objectives, and the country ratified the Convention on Biological Diversity (CBD) in 1994, the 65th country to do so [Ministry of Natural Resources & Environment (NRE) 2006]. In addition to its obligation under the CBD, Malaysia has been promoting biodiversity conservation as an integral component of sustainable development, a policy theme from the 7th to 9th Malaysia Plans spanning 19962010, a period during which a National Policy on Biodiversity Conservation was also adopted in 1998 [Ministry of Science, Technology and Innovation (MOSTI) 1998]. Although the WBSE is not considered to be a threatened species, this species could soon be labelled as nationally endangered species if no immediate actions are taken to conserve its population. This will be even more critical if the lack of data on the WBSE persists.

Currently, the conservation status of WBSE in Malaysia is still in the early stage. Nonetheless, it is important to maintain and improve suitable areas for nesting habitats for these birds to halt the possibility of population decline and to increase the population size. Raptors such as the WBSE play an important role in the balance of ecosystems and as bio-indicators for environmental changes i.e., habitat quality and pollution, because of their position at the top of many food chains (Ferguson-Lees et al. 2001): a high number of individuals and a variety of prey birds indicate that an ecosystem is balanced. However, human disregard for the habitat and surroundings is reducing the population.

Little is known regarding the size of WBSE territories, though it appears that the active nest sites of the sea-eagles in Penang National Park are quite narrowly spaced (<1 km per pair) compared to the recorded distances between active nest sites in Australia, which include one pair/810 km, one pair/40 km and one pair/65 km (Ferguson-Lees et al. 2001). This finding is possibly due to the abundance of food in the park area and the increase in human settlement on Pulau Pinang, which constrains the WBSE habitat in the only intact forest remaining in the park.

Although the population of WBSE in Malaysia and on Pulau Pinang has not been well studied, the population in Penang National Park is known to be high and can be considered as a common species at that site. The study area occupied by the WBSE is a protected area, which would strongly reduce or prevent human disturbance in the area and largely contribute to the establishment of potential nesting sites. A comparison study of raptors among protected, buffer and cultivated areas in West Africa shows that most large vultures and eagles are frequently found only in protected areas, with fewer individuals in the surrounding buffer zones and nearly none elsewhere (Thiollay 2007). Indeed, high human population growth and habitat changes, overhunting, disturbances and poisoning have been identified as the critical factors that influence the population of raptors in a habitat (Thiollay 2007).

Habitat destruction represents the most crucial threat to such species, as it results in the direct loss of potential nesting sites and reduced breeding success (Bilney & Emison 1983). Increased human presence is detrimental to nesting WBSE because these birds are sensitive to disturbance and may leave the nests and their young (DSEV 2003), with the nest productivity of WBSE being greatly affected by the level of disturbance by humans or predators (Dennis et al. 2011). In this study, it was found that most of the nest sites in Penang National Park were also subject to disturbance by human activity. Other possible threats that may affect the species in the park included the depletion of fish stock along the coastal region of Pulau Pinang, or more specifically in the waters of the parks shoreline, due to over fishing and illegal trawling (Mohd Hifni et al. 2006). Water contamination by oil spills around the park area from fishing and tourist boats could also contribute to food chain contamination.



Management Issues

WBSEs are very sensitive birds, particularly during the breeding season, which occurs annually from September to July. Thus, proactive management plans should be implemented to minimise human activities from potentially disturbing these birds. Human disturbances can be placed into three categories: (1) visual disturbances (human development/recreation), (2) audible disturbances and (3) direct disturbances (Richardson & Miller 1997). The avoidance of nest sites by humans during the breeding season is particularly important and can be implemented by determining adequate protection for WBSEs through the establishment of spatial and temporal buffer zones. Spatial buffer zones vary in scale depending on the species concerned. As an example, the distance recommended for the Peregrine Falcon (Falco peregrinus) is 800 m from a nesting site (Holthuijzen et al. 1990; Hustler 1983), whereas the distance for WBSE is 1000 m (Dennis et al. 2011). A temporal buffer refers to time restrictions for human activities when raptors are using a critical resource, such as a nest site or foraging area (Knight & Skagen 1988). Local authorities should not allow visitors to be in the spatial and temporal buffer zones of the nest sites because outdoor activities, such as rock climbing, shouting, and other noise, are liable to cause the sea-eagles to abandon their nests. According to Mohd Hifni et al. (2006), the illegal poaching of chicks from nests may have occurred outside the park area and could also occur along the park border areas. There are no known natural predators of adult WBSE at Penang National Park. Other raptors, namely, Lesser Fish Eagle (Ichthyophaga humilis) and Grey-headed Fish Eagle (Ichthyophaga ichthyaetus), which have a similar fish diet, have not been recorded at Penang National Park (Kumar 2004); Osprey (Pandion haliaetus), which also feeds on fish, has been recorded only once at the Penang National Park. Free flying, non-paired WBSE have been observed to break from soaring to harass Brahminy Kite, a scavenger, over water and over the forest of Teluk Aling area when the offending bird was in an area beyond the eagles territory.

It is recommended that education bird conservation programmes, particularly with regard to WBSE, be held by Penang National Park to create awareness among the public about the existence of protected WBSE in the park. National Parks Act 1980 also provides for the reservation, protection, and management of flora and fauna within national park boundaries. The protection and enhancement of native vegetation that is suitable for WBSE i.e., timber trees are likely to benefit other indigenous flora and fauna species, is also highly relevant. Management actions should include (1) yearly monitoring of known breeding sites throughout Penang National Park during the breeding season to determine breeding success over time, recognising the critical habitat or nest-site selection of WBSE, (2) the establishment of a buffer zone surrounding nesting sites and potential habitat from human disturbance, and (3) on-going research to further understand the species.

CONCLUSION

This study provides a preliminary estimate of the population size of WBSE in the Penang National Park area and additional data on the local distribution of their nests as a basis for future and more detailed research. When integrated with other local studies, this preliminary survey should serve as a starting point for the collection of reliable baseline information that will contribute to the better conservation and management of this sea-eagle species, thereby enhancing our ability to monitor future changes.
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Abstrak: Tiga kultivar halia Malaysia (Bukit Tinggi, Tanjung Sepat dan Sabah) telah dikumpul dan diperiksa untuk polimorfisme genetik menggunakan primer DNA mikrosatelit. Primer oligonukleotida mikrosatelit tunggal (CATA)5, (GATA)5 dan (GAC)6 telah digunakan dalam reaksi rantai polimerase (PCR). Reaksi PCR ini telah menghasilkan 7 jalur polimorfik dengan purata 2.334 jalur per primer, dengan kadar purata polimorfisme 17.9%. Analisis kluster telah menunjukkan bahawa terdapat 87.50% persamaan antara Bukit Tinggi dan Tanjung Sepat, 64.27% persamaan antara Bukit Tinggi dan Sabah dan 56.25% persamaan antara Tanjung Sepat dan Sabah. Jujukan DNA produk polimorfik PCR menunjukkan ciri-ciri gen baru: satu jujukan promoter teras, satu penggalak dan satu lokasi mula transkripsi. Analisis kluster menggunakan unweighted pair group method with arithmetic average (UPGMA) telah digunakan untuk membina pokok filogenetik, yang telah menunjukkan bahawa halia Bukit Tinggi lebih mempunyai hubungan dengan halia Tanjung Sepat berbanding halia Sabah. Berdasarkan dapatan kajian ini, kami telah membuat kesimpulan bahawa terdapat variasi genotipik antara kultivar halia, dan primer mikrosatelit DNA yang telah dihuraikan disini berguna untuk mengesan DNA polimorfik kultivar halia Malaysia. Selain itu, primer mikrosatelit DNA ini boleh digunakan sebagai penanda molekul untuk membezakan kultivar terpilih halia Malaysia.



Kata kunci: Halia (Zingiber officinale Roscoe), DNA Mikrosatelit, PCR, DNA Polimorfik



Abstract: Three Malaysian ginger cultivars (Bukit Tinggi, Tanjung Sepat and Sabah) were collected and examined for genetic polymorphisms using microsatellite DNA primers. The single microsatellite oligonucleotide primers (CATA)5, (GATA)5 and (GAC)6 were used in polymerase chain reactions (PCRs). These PCR reactions produced 7 polymorphic bands with an average of 2.334 polymorphic bands per primer, leading to an average polymorphism rate of 17.9%. Cluster analysis revealed 87.50% similarity between Bukit Tinggi and Tanjung Sepat, 64.27% similarity between Bukit Tinggi and Sabah and 56.25% similarity between Tanjung Sepat and Sabah. DNA sequencing of the polymorphic PCR products of Tanjung Sepat ginger revealed the characteristic features of a putative new gene: a core promoter sequence, an enhancer and a transcription start site. Cluster analysis using the unweighted pair group method with arithmetic average (UPGMA) was used to construct a phylogenetic tree, which indicated that Bukit Tinggi ginger is genetically more closely related to Tanjung Sepat ginger than to Sabah ginger. Based on the results of this study, we concluded that there is genotypic variation among ginger cultivars, and the microsatellite DNA primers described here are useful for detecting polymorphic DNA in Malaysian ginger cultivars. Additionally, these microsatellite DNA primers may be used as molecular markers for discriminating among select Malaysian ginger cultivars.



Keywords: Ginger (Zingiber officinale Roscoe), Microsatellite DNA, PCR, Polymorphic DNA

INTRODUCTION

Ginger (Zingiber officinale Roscoe) is an important tropical horticultural plant that is valued worldwide as a spice and for its medicinal properties. Members of the family are distributed in the tropics of southern and southeastern Asia, especially in Indo-Malaysia (Simpson 2006; Awang 1992). Chinese records show that ginger was cultivated in the Malacca region of Malaysia in 1416 (Weiss 2002). Currently, ginger is cultivated throughout tropical and sub-tropical regions worldwide, including areas of Australia, Brazil, China, India, Jamaica, West Africa and parts of the United States.

Ginger, as a species, is thought to have arisen as a sterile hybrid between two distant species that survived due to successful vegetative propagation (Peter et al. 2007). Malaysia and neighbouring countries recognise two divisions: the Z. officinale cultivar group officinale "ginger" and the Z. officinale cultivar group "rubrum" with small, pungent, reddish rhizomes (Weiss 2002).

Traditionally, ginger was used as an acrid bitter to strengthen and stimulate digestion. Modern uses include prophylaxis for nausea and vomiting, dyspepsia, lack of appetite, anorexia, colic, bronchitis and rheumatic complaints. More than 400 chemicals have been identified in ginger rhizomes (Garner-Wizard et al. 2006). Geography, age of the rhizome at harvest, extraction methods, storage and drying determine the relative proportions of each chemical.

It is very difficult to distinguish among ginger cultivars (Ibrahim 1999) without depending on chemical and/or molecular markers because the morphological or phenotypic characteristics of the aboveground biomass are not sufficiently unique to adequately discriminate among ginger cultivars. However, some morphological characteristics of the ginger rhizome can be used to discriminate among Malaysian ginger cultivars. For example, the rhizome of Bukit Tinggi ginger is bigger with a dull, whitish colour and it is less fibrous compared with Tanjung Sepat ginger, which has a yellowish, fibrous, slender rhizome [Global Information Hub on Integrated Medicine (Globinmed) 2013]. The rhizome of Sabah ginger tends to be darker in colour with few red-to-brown ribbons of colour. To differentiate among ginger cultivars, a more precise and accurate method was established based on metabolic fingerprinting, in which variations in chemical constituents were detected and some chemical markers for each ginger cultivar were established (Mahdi et al. 2010).

Despite the importance of ginger in cuisine and especially in medicine, very little information is available regarding the genome of ginger. Tools such as bacterial artificial chromosome (BAC) libraries or molecular marker-based genetic maps have not been produced, or at least, no such resources have been released or even mentioned in the literature because this plant is not amenable to the production of genetic maps (Moore et al. 2008). Ginger was reported to be diploid (somatic chromosome number: 2n = 22) with a large genome of 23.618 Mb (Wahyuni et al. 2003). The total chromosome length ranged from 64.80 m to 98.12 m, and the total chromosome volume ranged from 84.35 m3 to 1126.36 m3. The chromosome conformation capture (4C DNA) varied significantly among different cultivars of ginger (from 16.234 pg to 22.934 pg) (Ravindran & Babu 2004). Because ginger is vegetatively propagated, local cultivars often tend to be uniform and develop specific characteristics.

Microsatellite DNA, also referred to as simple sequence repeat (SSR) DNA, consists of 1 to 6 nucleotides repeated 550 times and can be found within coding or non-coding regions in the genome (Hartwell et al. 2008; Walker & Rapley 2005; Weising et al. 2005). Microsatellites have been predicted to play important roles in maintaining genetic stability. These elements are highly polymorphic (because of their potential for faulty replication), co-dominant (Jayabalan 2006), evenly dispersed through the eukaryotic genome (Bernot 2004; Weising et al. 1995) and require little DNA for analysis, all of which make them favourable for use in genetic mapping experiments (Soltis et al. 1998). Microsatellite DNA can be used as markers for the detection of allelic variation, genetic mapping studies, germplasm characterisation and gene tagging (Hayden & Sharp 2001). Recently, microsatellite DNA has been largely used by researchers as a molecular marker (Craft et al. 2007). The principal reason for the increasing success of microsatellites as molecular markers is that they can detect more polymorphisms than other techniques such as restriction fragment length polymorphism (RFLP) and random amplified polymorphic DNA (RAPD) (Weising et al. 2005).

In this study, three single oligonucleotide microsatellite primers were used: two 20-mers [(CATA)5 and (GATA)5] with 25% GC and one 18-mer [(GAC)6] with 75% GC. The selection of primer sequences was based on the evidence that microsatellite markers with trinucleotide and tetranucleotide repeat motifs amplify more faithfully and are, on average, more polymorphic than dinucleotides (Taylor 1997) in addition to being more abundant (Sharma 1999). Selection of the first two primer sequences [(CATA)5 and (GATA)5] was performed according to Weising et al. (1995), who used these two primers to detect DNA polymorphisms in tomato and Actinidia chinensis. Our study revealed that these primers could be successfully used in ginger. The third primer, (GAC)6, is a novel primer that has not previously been used for the detection of DNA polymorphisms in plants. To ensure that the polymorphic band(s) were consistently present and could be considered as molecular markers, the procedure was repeated four times for each of the tested ginger cultivars using the selected primers.

This study aimed to detect genetic diversity among three selected Malaysian ginger cultivars and to verify the usefulness of microsatellite DNA as a molecular marker for differentiation between ginger cultivars.

MATERIALS AND METHODS

Genomic DNA Isolation

Isolation of ginger genomic DNA was performed according to Doyle and Doyle (1990) with some modifications. Briefly, ginger leaf tissue was ground to a fine powder under liquid nitrogen using a pre-chilled mortar and pestle. The leaf powder was then transferred into a 2 ml Eppendorf tube containing a smaller volume (750 l) of pre-heated (60C) cetyltrimethylammonium bromide (CTAB) extraction buffer.



Polymerase Chain Reaction (PCR) Amplification

PCR with single oligonucleotide primers was performed in a final reaction volume of 50 l containing 75 ng of template DNA, 100 mM deoxyribonucleotide triphosphates (dNTPs), 60 ng of primer, 1.5 mM MgCl2, 1X Taq buffer + KCl [10 mM Tris-HCl (pH 8.8), 50 mM KCl, 0.08% Nonidet P40], 1 U of Taq DNA polymerase and de-ionised water to make up the volume. The PCRs were carried out using the following conditions: a preliminary denaturation at 94C for 2 min, followed by 40 cycles of denaturation at 94C for 20 s, annealing at 45C for 30 s for (CATA)5 and (GATA)5 primers or 55C for 30 s for the (GAC)6 primer, and an extension step at 72C for 30 s. A single final extension step was performed at 72C for 10 min.



Extraction and Amplification of Polymorphic Bands

To determine the existence of polymorphic bands, the amplified DNA was examined by gel electrophoresis using ethidium bromide and a UV spectrophotometer (SmartSpec Plus, BIO-RAD, USA). Polymorphic PCR bands were eluted from the agarose gel using a QIAquick gel extraction kit (Cat. no. 28704; Qiagen, Kuala Lumpur). These eluted DNA fragments were then amplified by PCR using the (CATA)5, (GATA)5 and (GAC)5 primers.



DNA Sequencing of Polymorphic DNA Fragments

DNA sequencing of polymorphic DNA fragments was performed by 1st Base (Seri Kembangan, Selangor, Malaysia) utilising a BigDye Terminator V 3.1 cycle sequencing kit (Invitrogen, California, USA) (based on Sanger dideoxy sequencing).

RESULTS AND DISCUSSION

Evaluation of Isolated Genomic DNA

The isolated genomic DNA from the 3 ginger cultivars was qualitatively tested using 0.8% (w/v) agarose gels (Fig. 1). Gel electrophoresis showed no fragmentation of the isolated DNA, with only one clear band obtained for each ginger cultivar. Quantitative and qualitative evaluation of the isolated genomic DNA was performed using a UV spectrophotometer to determine its concentration and purity, and the results are presented in Table 1. The results reveal variation in the isolated ginger genomic DNA concentration among the three samples, which may be due to the use of leaves of different ages. Such leaves may contain different numbers of cells per unit weight and may exhibit variation in cell wall rigidity due to deposition of cellulose, thus causing difficultly in breaking or lysing the cell wall. The isolation of pure and non-fragmented DNA is essential to avoid false positive identification of PCR products after gel electrophoresis.
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Figure 1: Genomic DNA isolated from the ginger cultivars Bukit Tinggi (BT), Tanjung Sepat (TS) and Sabah (SB).



Table 1: Concentration and purity of the isolated genomic DNA.
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PCR Amplification and Characterisation

Three single oligonucleotide microsatellite primers were used [(CATA)5 and (GATA)5 with 25% GC and (GAC)6 with 75% GC] to amplify specific regions of DNA. Polymorphic bands were visualised and identified in the gel using an electrophoresis imaging documentation system. Several PCR parameters, such as MgCl2 and DNA template concentrations, were examined during the experiment to obtain optimum amplification conditions that yield repeatable and consistent results. The (GAC)6 primer, which is a novel primer that has not been used for the detection of DNA polymorphisms in plants, amplified a specific polymorphic band from Tanjung Sepat ginger (Fig. 2). GAC encodes an aspartate residue in a coding region. The use of the sequence GAC in the (GAC)6 primer therefore enhances the possibility that this primer will bind to a coding region in the genome. The (CATA)5 primer produced strong polymorphic bands 1.25 kb in length (Fig. 3), and the (GATA)5 primer produced a single band in the Sabah cultivar (Fig. 4).
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Figure 2: Polymorphic bands were obtained in the Bukit Tinggi (BT) and Tanjung Sepat (TS) cultivars using the (GAC)6 primer.
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Figure 3: Polymorphic bands were obtained in the Tanjung Sepat (TS) cultivars using the (CATA)5 prime.
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Figure 4: Polymorphic bands were obtained in the Bukit Tinggi (BT) and Tanjung Sepat (TS) cultivars using the (GATA)5 primer.



A band was considered polymorphic if it was present in at least one ginger cultivar and absent in the others. The bands were scored as (1) for present or (0) for absent. A total of 39 bands were amplified, ranging in size from 185.0 bp to 1.3 kb. Band sizes were calculated with reference to a 1 kb gene ladder using a UV spectrophotometer and gel documentation system (Fluorchem 8900 imaging system, Protiensimple, California, USA). Seven polymorphic bands were scored with a polymorphism rate of 17.9%. This polymorphism rate is low compared with that observed in other studies, which may be due to the small sample size. However, the low polymorphism rate may be expected because ginger is known to exhibit extremely narrow genetic diversity compared with other plants (Keshavachandran et al. 2007). Furthermore, low genetic variation is typical in an asexually reproducing species (Hangelbroek et al. 2002).

Cluster analysis revealed 87.50% similarity between Bukit Tinggi and Tanjung Sepat, 64.27% similarity between Bukit Tinggi and Sabah and 56.25% similarity between Tanjung Sepat and Sabah. A similarity matrix was generated according to the coefficient of Jaccard (Sneath & Sokal 1973).



Sij = M11 / (M01 + M10 + M11)



where Sij is the Jaccard similarity coefficient, M11 is the number of 1-1 matches, M10 is the number of 1-0 matches and M01 is the number of 01 matches (Table 2).

The similarity coefficient value ranged from 0.5625 to 0.8750. The data in the similarity matrix were used to perform a cluster analysis using the unweighted pair group method with arithmetic average (UPGMA). Subsequently, a phylogenetic tree illustrating the calculated relatedness among ginger cultivars was constructed using MINITAB software (release 14, Minitab Inc., USA). Based on these data, the Tanjung Sepat cultivar was genetically more closely related to the Bukit Tinggi cultivar compared with the Sabah cultivar, and the Sabah cultivar was genetically more closely related to the Tanjung Sepat cultivar (Fig. 5). Palai and Rout (2007) identified eight varieties of ginger using RAPD markers. These authors mentioned that the first major cluster exhibited 43% similarity, whereas the minor cluster exhibited >70% similarity.



Table 2: Similarity coefficients of the three Malaysian ginger cultivars.
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Figure 5: Dendrogram of the three ginger cultivars (Bukit Tinggi, BT; Tanjung Sepat, TS; and Sabah, SB) produced using data obtained with microsatellite DNA markers.



Sequencing of Polymorphic Bands

After separation of the PCR products on a 3% agarose gel, the polymorphic bands of the Tanjung Sepat cultivar were extracted using a gel extraction kit (Qiagen), re-amplified using the same primers and PCR conditions and sequenced. The DNA sequence of the polymorphic bands of Tanjung Sepat contained the characteristic features of a putative gene. According to Toth et al. (2000), GC-rich trinucleotide repeat sequences are primarily found within exon regions. The upstream region of the PCR products obtained with the (GAC)6 primer contained a core sequence (CGGCGG), enhancer (CAAT), promoter and TATA box, and a CAAT sequence was identified downstream of the transcription start site. According to Smale and Kadonaga (2003), TATA sequences are recognised by RNA polymerase II for initial transcription. Their locations vary from species to species, although they are predicted to be located 30 to 120 bp upstream of the transcription start site in most eukaryotic genes.

The DNA sequences of the polymorphic bands of Tanjung Sepat were analysed and compared to determine their similarity with accessible published nucleotide sequences using National Centre for Biotechnology Information Basic Local Alignment Search Tool (NCBI BLAST) (retrieved at http://blast.ncbi.nlm.nih.gov/Blast.cgi). The sequences of the polymorphic bands produced with the (CATA)5 primer were most similar to Brassica napus subsp. of the family Brassicaceae (96% similarity) and to Oryza sativa japonica of the family Poaceae (85% similarity). The sequence of the polymorphic band produced with the (GAC)6 primer was most similar to Larix lyallii of the family Pinaceae (94% similarity), Morella faya of the family Myricaceae (96% similarity) and Pinus pinaster of the family Pinaceae (93% similarity), whereas the sequence of the polymorphic band produced with the (GATA)5 primer was most similar to Medicago truncatula of the family Fabaceae (93% similarity) and to Vitis vinifera of the family Vitaceae (92% similarity). The putative promoter sequences TATAAAAA, CAAT and CGGCGG, which were observed in the Tanjung Sepat genomic DNA fragment amplified with the (CATA)5 primer, are underlined in DNA sequence below:



Sequence of a polymorphic PCR product amplified from the Tanjung Sepat cultivar using the (CATA)5 primer (774 bases)
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Sequence of a polymorphic PCR product amplified from the Tanjung Sepat cultivar using the (GATA)5 primer (350 bases)
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Sequence of a polymorphic PCR product amplified from the Tanjung Sepat cultivar using the (GAC)6 primer (950 bases)
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The specific DNA sequences of the PCR products obtained with the (GATA)5 primer were found to contain poly deoxy thymine nucleotides (dT) and poly deoxy adenine nucleotides (dA) sequences (underlined), which encode phenylalanine and lysine, respectively. The sequences of the polymorphic bands amplified from the Tanjung Sepat cultivar with the (CATA)5 primer also showed characteristic features of a putative gene; however, more detailed study is required to support this hypothesis.

Ginger is a sterile plant that is only vegetatively propagated by rhizomes, and the phenotypic properties of such plants cannot be improved using traditional breeding methods. Thus, the only available solution is the use of "selective breeding" based on the identification of specific genes that are responsible for the desired phenotype. This process requires isolation and cloning of the gene as well as transformation of plant cells with the gene before a plant with new and improved properties can be genetically engineered. Metabolic profiling of the same three ginger cultivars used in this study, which were micropropagated under the same growth conditions, were determined using gas chromatography-mass spectrometry (GC-MS), and chemical variations were detected among the three cultivars (Mahdi et al. 2010). It is possible that these chemical variations may be due to underlying genetic variation. This study is considered to be the first step toward further studies in which transgenic ginger plants with improved yield and increased medically active components may be produced.

CONCLUSION

In the current study, microsatellite primers were successfully used to identify genetic polymorphisms among three ginger cultivars (Bukit Tinggi, Tanjung Sepat and Sabah). Microsatellite primer PCR amplification can therefore be used successfully to differentiate between different ginger cultivars. A cluster analysis of polymorphic bands using MINITAB software and the Jaccard similarity coefficient revealed that Bukit Tinggi ginger is more closely genetically related to Tanjung Sepat ginger than to Sabah ginger. Additionally, this genetic polymorphism may be responsible for the quantitative and qualitative variations in chemical constituents that were detected in previous studies. Further investigations are required to support this hypothesis.
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Abstrak: Kematian secara besar-besaran ikan haruan tasik, Rachycentron canadum dalam tempoh 2–3 hari telah dilaporkan oleh 3 penternak di Bukit Tambun, Pulau Pinang pada bulan Februari dan Mac 2007. Hanya ikan haruan tasik dengan berat badan 3–4 kg yang terlibat. Kebanyakan ikan haruan tasik yang dijangkiti menunjukkan corak berenang di permukaan air dan cubaan melompat keluar dari air. Kesemua sampel menunjukkan jangkitan ringan dan sederhana positif penyakit viral nervous necrosis (VNN). Jangkitan lintah laut (Zeylanicobdella arugamensis), monogenean badan (Benedenia sp.) dan copepod (Caligus sp.) juga dikesan. Walau bagaimanapun tiada patogen bakteria dikesan. Parameter untuk kualiti air berada dalam julat sesuai untuk ternakan ikan haruan tasik. Punca sebenar penyebab kematian tinggi ikan haruan tasik semasa siasatan adalah tidak jelas. Namun, kami percaya kematian ikan haruan tasik ini boleh berpunca dari jangkitan VNN yang boleh mencetuskan tekanan dan ditambah pula dengan ruang yang terhad untuk ikan haruan tasik yang membesar. Hal ini seterusnya bertindak sebagai faktor pendorong yang menekankan dan melemahkan ikan haruan tasik dan menyebabkan kematian yang tinggi. Sangkar tradisional dengan saiz 2 (panjang) x 2 (lebar) x 1 m (kedalaman) hanya sesuai digunakan untuk menternak ikan haruan tasik yang bersaiz 1 kg ke bawah. Selain itu, ikan haruan tasik peringkat kecil perlu dilakukan pemantauan untuk jangkitan VNN sebelum dimasukkan ke dalam sangkar ternakan.



Kata kunci: Ikan Haruan Tasik, Viral Nervous Necrosis (VNN), Rachycentron canadum, Ektoparasit



Abstract: The mass mortality of cobia (Rachycentron canadum) within 2–3 days was reported by 3 private farms in Bukit Tambun, Pulau Pinang, in February and March 2007. Only cobia with body weights of 3–4 kg were affected. Most diseased cobia swam on the surface and displayed flashing behaviour. All samples were positive for viral nervous necrosis (VNN) with low to medium levels of infection. Infestations by leeches (Zeylanicobdella arugamensis), body monogeneans (Benedenia sp.) and copepods (Caligus sp.) were also found, but no pathogenic bacteria were isolated. All water quality parameters monitored were within optimal ranges for culturing cobia. The main causes of high mortality in cobia remain unclear during the study. However, we believe that the mass mortality of cobia could be probably due to VNN infection and that the rate of mortality will increase further when cobia are subjected to aquaculture-related stresses (e.g., limited space). Traditional cages with a size of 2 (length) x 2 (width) x 1 m (depth) should only be used for rearing cobia below 1 kg in weight given the species’ natural behaviours. In addition, cobia fingerlings should be screened for VNN prior to stocking them in cages.



Keywords: Cobia, Viral Nervous Necrosis (VNN), Rachycentron canadum, Ectoparasite

INTRODUCTION

Cobia (Rachycentron canadum), known locally as haruan tasik, is one of the most popular species for aquaculture in Malaysia because of its rapid growth rate, low feed conversion ratio and high market price for its firm texture. In 2004, the state of Pulau Pinang imported 1000 fingerling cobia with a retail value of RM1064.00, and this number increased to 10000 fingerling with a retail value of RM152000.00 by 2006. The number of imported fingerling from Taiwan increased to 55470 in 2007 (Department of Fisheries Malaysia 2007).

The rapid expansion and intensification of aquaculture have resulted in an increased incidence of diseases outbreaks. Generally, the occurrence of diseases is one of the major factors limiting the growth and production of cage-cultured fish. Cobia, like other species reared through aquaculture, are vulnerable to infectious diseases that can be parasitic, bacterial or viral. Parasitic diseases, which have caused economic losses in captive fish, are particularly common due to ectoparasitic infestations. The most frequently reported ectoparasitic infestations in cultured cobia include crustacean parasites, skin flukes, myxosporeans and protozoans. McLean et al. (2008) reported 10 species of crustacean parasites that infest cultured cobia, such as Caligus lalandei and Caligus epidemicus (Ho et al. 2004; Chang & Wang 2000). Skin monogeneans (Neobenedenia girellae) have been recorded in juvenile stages of cultured cobia (Ogawa et al. 2006; Lopez et al. 2002). Cobia with heavy ectoparasitic infestations experience severe damage on the skin surface, which can lead to death or secondary infections (McLean et al. 2008). Chiau et al. (2004) also observed that Streptococcus spp. and skin monogenean infestations in cobia have led to blindness. Myxosporidian parasites have also been linked to mass mortality in cultured cobia. Species such as Myxidium, Ceratomyxa, Myxobolus and Kudoa have the potential to infect cultured cobia (Blaylock et al. 2004). Infestations by Sphaerospora-like myxosporideans were reported to have caused 90% mortality in juvenile stages of cultured cobia in Taiwan (Chen et al. 2001). Juvenile cobia have also been observed with infestations of cryptocaryoniasis, Brooklynella hostiles, Ichthyobodo spp., and Amyloodinium ocellatum [Food and Agriculture Organization (FAO) 2007; Bunkley-Williams &  Williams 2006; Kaiser & Holt 2005].

Studies have recently reported increasing numbers of bacterial disease outbreaks throughout the culture cycle in cobia. Vibriosis, mycobacteriosis, furunculosis and streptococcosis are the most common bacterial diseases reported (Liao et al. 2004). Juvenile moribund cobia infected by Vibrio alginolyticus, Vibrio harveyi, Vibrio parahaemolyticus and Vibrio vulnificus have been reported to have a 45% mortality rate (Liu et al. 2004; Rajan et al. 2001). Photobacterium spp. have caused 80% mortality and have been identified as a major emerging threat for cobia (Liu et al. 2003; Rajan et al. 2003; Lopez et al. 2002). Infections by various bacteria, such as Aeromonas hydrophila, Citrobacter spp. and Mycobacterium marinum, were also reported in juvenile cobia (Lowry & Smith 2006).

Viral diseases also often cause high losses and reductions in production of aquacultured fish species (Munday et al. 2002). Chi et al. (2003) reported that the nervous necrosis virus (VNN) is usually associated with mass mortalities in larval marine fish. Fish infected with VNN often display spiral swimming behaviour, and this disease can be transmitted vertically and horizontally. In addition to VNN, lymphocystis has also been reported in juvenile cobia in Taiwan (Liao et al. 2004). In Malaysia, the only reports of VNN infections causing mass mortalities are for greasy grouper (Epinephelus tauvina; Bondad-Reantaso et al. 2001) and humpback grouper fry (Cromileptes altivelis; Chuah & Kua 2003). However, no mass mortalities due to VNN infections have been reported in farmed cobia.

A total of 3 cases of mass mortality within 2–3 days were reported to the National Fish Health Research Centre (NaFisH), Pulau Pinang. Here, we describe these cases to highlight that VNN and ectoparasite infestations in farmed cobia may have potentially caused these mass mortality events.

MATERIALS AND METHODS

Animal Samples

Cobia fingerlings (approximately 6 inches in length) were obtained by fish importer, from Taiwan on 19 May 2006 and were distributed to two culture sites at Sg. Udang, Kedah and Bt. Tambun, Pulau Pinang. The fish were cultured in cages for 8–9 months without displaying symptoms or dying until 27 Feb 2007 for Farm A and until 2 March 2007 for Farms B and C. Four fish (weight ranged from 3 to 4 kg) were sampled from the 2 culture sites (Table 1) and analysed at NaFisH. Gross observation of all samples revealed no clinical signs.



Table 1: Information related to the sampling sites and cobia populations examined in this study.
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Parasitological Examination

The fish were examined for ectoparasites and endoparasites based on the methods of Kabata (1985).



Bacteriological Examination

Several internal organs, such as the kidneys, spleen, eyes and brain, were inoculated directly onto blood agar (BA) and brain heart infusion agar (BHI) to measure total heterotrophic flora and onto thiosulfate citrate bile saccharose agar (TCBS) to identify Vibrio spp. The agar plates were incubated at 30°C for 24 hr, after which the grown colonies were re-streaked before obtaining pure cultures. Biochemical profiles were determined using commercial Analytical Profile Index (API) kits (Biomerieux, Marcy I’Etoile, France).



Virological Examination

RNA was extracted from brain, spleen and kidney tissue samples and examined using PCR techniques with an IQ2000 VNN detection and prevention system according to the included instructions (Farming Intelligent Tech. Corp., Taipei, Taiwan). Briefly, samples were homogenised with 0.5 ml RNA extraction solution and then left to stand at room temperature for 5 min. Chloroform was then added to each sample, and the tubes were mixed and centrifuged at 12000 x g for 15 min. The upper aqueous phase was transferred to a new tube, supplemented with 0.5 ml isopropanol, centrifuged and washed with 75% ethanol. After the ethanol had been removed, the remaining pellet was dried and dissolved with 0.2 ml of diethylpyrocarbonate (DEPC) water.

Two types of premixed reagents, including primers, were prepared in the following manner: 15 μl of nested PCR premixed reagent was added to 8 μl of RT-PCR premixed reagents. The mixture was then amplified under the following conditions: the RT-PCR reaction was initiated at 42°C for 30 min and run at 94°C for 2 min. The PCR reaction was then run at 94°C for 20 s, 62°C for 20 s and 72°C for 30 s (repeated for 15 cycles), followed by 72°C for 30 s and 20°C for 30 s to complete the cycle. After the completion of this cycle, 15 μl of nested reaction reagent was added to the tube, and the PCR conditions were set to 94°C for 20 s, 62°C for 20 s and 72°C for 30 s (repeated for 30 cycles), followed by 72°C for 30 s and 20°C for 30 s to complete the cycle using a master cycler (Biometra, Gottingen, Germany). The PCR products were then electrophoresed on a 2% gel and stained with ethidium bromide for 30 min before viewing with the Gene Genius gel documentation system (Syngene, Frederick, Maryland, USA). The results were based on the formation of bands at 289 bp (light infection), 289–479 bp (medium infection), or 479–1160 bp (severe infection). Bands formed at 665 bp served as the internal control.

RESULTS AND DISCUSSION

On-site investigations on 28 Feb 2007 and on 2 and 3 March 2007 showed that infected fish swam in circles on the surface and displayed flashing behaviours (Fig. 1). Clinical signs, such as swimming in a spiral, were accompanied by mortality rates ranging from 80% to 100% within 2–3 days of the first symptoms. During the site investigation, it was observed that only cobia showed clinical signs of infection, while other species, such as grouper (Epinephelus spp.) and Asian sea bass (Lates calcarifer), remained asymptomatic. All cobia samples were positive for low to medium levels of infection by VNN, reflected by bands at 289–479 bp after agarose gel electrophoresis. Infestations by leeches (Zeylanicobdella arugamensis), body monogeneans (Benedenia spp.) and copepods (Caligus spp.) were also found, but no pathogenic bacteria were isolated. Water quality parameters monitored at the time of the investigation were within optimal ranges for culturing fish, with the exception of ammonia levels, which were higher than 0.01 ppm (Table 2).

The spiral swimming patterns by infected cobia were consistent with swimming irregularities generally displayed by fish infected with VNN or Mycobacterium marinum. No bacteria were isolated during the study; however, infected cobia were VNN positive. On the other hand, water quality was found to be within the optimal range for culturing cobia with the exception of ammonia level. We believe that cobia displaying abnormal swimming behaviours were infected by VNN. In addition to VNN, cobia were also infected with ectoparasites, such as leeches, body monogeneans and copepods. However, the mean intensity for each ectoparasitic infestation was less than two parasites per fish. Because multiple cultured species are cultured in the same area, co-infestations by multiple species of ectoparasites are often common in farm cages. The main cause of the VNN disease outbreak during the investigation period is still unknown. However, in the present study, high ammonia levels (>0.01 ppm) could further stress and weaken cobia, increasing the likelihood that they would succumb to pathogens such as VNN and ectoparasites. In a related study of older sea bass and grouper infected with VNN, fish showed clinical signs only in high water temperatures (Tanaka et al. 1998). In the current study, cobia were reared in traditional cages measuring 2 (length) x 2 (width) x 1 m (depth) at initial stocking levels of 1000 fish/cage and 100–150 g/fish. Loads were reduced to 50–70 fish/cage when fish reached 3–4 kg after 6 months of culture. These conditions may have caused additional stress for the cobia, which require larger spaces due to their pelagic nature. Moreover, cobia can gain 1 kg of body weight per month (Lunger et al. 2007). Based on our observations, we recommend that cobia should be transferred to larger, deeper cages or to open sea cages when they reach more than 1 kg of body weight.

The main causes of high mortality in cobia remain unclear. The ectoparasites found during the investigation are normally associated with low mortality rates, with the exception of instances of massive infestations (Mark 2004). Limited space for growth may have stressed and weakened the cobia, allowing the low to medium levels of infection to lead to high mortality rates. We believe that PCR screenings for spawners and fingerlings brought into Malaysia should be conducted to prevent the introduction of VNN, which is vertically transmitted. A larger net cage or reduced stocking for adult cobia should also be used because traditional cages at 2 (length) x 2 (width) x 1 m (depth) are only suitable for rearing cobia below 1 kg weight due to the natural behaviours of these fish.
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Figure 1: Examples of infected fish swimming in circles on the surface and displaying flashing behaviours.



Table 2: Water quality parameters measured during the investigation at Bt. Tambun.
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Abstrak: Kulat endofit ditemui di dalam tumbuhan perumah tetapi tidak menunjukkan sebarang tanda-tanda yang ketara. Dalam kajian ini, spesies Fusarium endofitik telah dipencilkan daripada akar rumput halaman (Axonopus compressus) dan sebanyak 51 pencilan telah diperolehi daripada 100 segmen akar. Berdasarkan ciri-ciri morfologi bentuk makrokonidia dan sel conidiogenus, dua spesies Fusarium telah dikenalpasti iaitu, F. oxysporum (53%) dan F. solani (47%). Kehadiran F. oxysporum dan F. solani endofitik di dalam akar rumput halaman menyumbang kepada pengetahuan mengenai taburan kedua-dua spesies Fusarium dan kepentingan akar sebagai nic endofitik spesies Fusarium.



Kata kunci: Endofit, Fusarium, Akar Rumput



Abstract: Fungal endophytes are found inside host plants but do not produce any noticeable disease symptoms in their host. In the present study, endophytic Fusarium species were isolated from roots of lawn grass (Axonopus compressus). A total of 51 isolates were recovered from 100 root segments. Two Fusarium species, F. oxysporum (53%) and F. solani (47%), were identified based on macroconidia and conidiogenous cell morphology. The detection of endophytic F. oxysporum and F. solani in the roots of lawn grass contributes to the knowledge of both the distribution of the two Fusarium species and the importance of roots as endophytic niches for Fusarium species.
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Endophytic fungi live inside plant tissues without causing any visible disease symptoms (Petrini 1991). Root endophytes are widespread among plants (Schulz et al. 2006). The interactions between endophytic fungi and host plants range from mutualism to parasitism (Schulz & Boyle 2005; Saikkonen et al. 1998). A balanced antagonism, the equilibrium between fungal virulence and plant defence, was postulated by Schulz et al. (1999) to define the endophyte-host association. However, this equilibrium may be affected by an imbalance in nutrient exchange (Kogel et al. 2006), environmental conditions (Moricca & Ragazzi 2008) and physiological stress, including senescence (Halmschlager et al. 1993). Therefore, Sieber (2002) redefined endophytic fungi as those found in apparently healthy, functional tissues at the time of sample collection.

From the beginning of fungal endophyte research, grasses have been the focus because fescue toxicosis in cattle is caused by Sphacelia typhina, a fungal endophyte in tall fescue (Festuca arundinacea) (Bacon et al. 1977). Since then, fungal endophytes have been recorded from virtually all plant species (Saikkonen et al. 2006). Endophytes infect at least 80 grass genera. Among the well-known endophytic fungi associated with grasses and sedges are the Clavicipitaceae, which include Balansia, Myriogenospora, Atkinsoniella, Balansiopsis, Epichlo and Neotyphodium (Clay 1989), illustrating that fungal endophytes in grasses are ubiquitous.

Although symptomless infections by Fusarium species have been reported in many types of plants, including grass families (Sanchez Marquez et al. 2010; Walsh et al. 2010; Yuan et al. 2010; Marcia-Vicente et al. 2008a, b; Pamphile & Azevedo 2002; Katan 1971), the occurrence of endophytic Fusarium species in grasses in Malaysia has not been given much attention compared to that given to pathogenic Fusarium species. Therefore, the present study was conducted to isolate and identify Fusarium species from roots of lawn grass [Axonopus compressus (Sw.) P. Beauv.] from the Family Poaceae, which is widely planted in Malaysia and commonly used as ground cover.

Healthy lawn grasses were collected from Taman Mewah, Butterworth, Pulau Pinang; the field in front of the Vector Control Research Unit (VCRU), Universiti Sains Malaysia (USM); the convocation site, USM; and Tasik Harapan, USM. Young and healthy grasses were collected, placed in plastic bags and brought to the laboratory to be processed.

The grass samples were washed thoroughly to remove any soil and dirt adhering to the roots. The clean grass roots were then placed in a beaker and labelled. The beaker was covered with a piece of net cloth, and the grass roots were washed under running tap water for 24 hrs to remove soil particles and surface epiphytes.

Endophytic Fusarium samples were isolated from the roots using surface sterilisation techniques. The roots were sterilised by soaking in 75% ethanol for 1 min, 1% sodium hypochlorite for 3 min and 95% ethanol for 5 min. All samples were dried in a laminar flow hood using sterilised filter paper to remove excess water.

After the samples were completely dry, they were cut into 3 to 5 mm segments using a sterile scalpel. To check the efficacy of the surface sterilisation procedure and confirm that the isolates only originated from the internal tissues of the roots, the imprint method, i.e., pressing sterilised root segments gently onto potato dextrose agar (PDA), was used (Schulz et al. 1993).

Root segments were then transferred onto pentachloronitrobenzene (PCNB) media and incubated at 251C until there was visible mycelial growth from the tissues. Mycelia were then subcultured onto fresh PDA plates.

To identify endophyte species, primary and secondary characteristics of the isolates were observed based on the methods described in The Fusarium Laboratory Manual (Leslie & Summerell 2006). The primary characteristics observed were the shapes of the macroconidia and microconidia, the formation of conidiogenous cells (i.e., monophialide or polyphialide) and the presence of chlamydospores on carnation leaf agar (CLA). The characteristics were observed using a light microscope (Olympus BX41, Tokyo). Secondary characteristics, such as the pigmentation and texture of the colony, were observed using PDA.

A total of 51 Fusarium isolates were isolated from 100 A. compressus root segments. The absence of any fungal growth on PDA after root imprint confirmed that the surface sterilisation procedure was effective in removing surface fungi. This result indicated that the epiphytic fungi could not grow after surface sterilisation and that the Fusarium isolates recovered were endophytic (Schulz et al. 1993).

Two Fusarium species, F. oxysporum (Schlechtendahl emend. Snyder & Hansen) and F. solani [(Martius) Appel & Wollenber emend. Snyder & Hansen] were recovered from symptomless root segments. F. oxysporum (53%) was isolated more frequently than F. solani (47%). The species descriptions corresponded with the descriptions of F. oxysporum and F. solani from The Fusarium Laboratory Manual (Leslie & Summerell 2006). On PDA, isolates of F. oxysporum produced abundant floccose mycelia with violet pigmentation, and isolates of F. solani produced sparse mycelia with cream pigmentation. The two species were identified primarily based on the shapes of macroconidia and conidiogenous cells. Isolates of F. solani produced long monophialides and stout and robust macroconidia (Fig. 1), whereas isolates of F. oxysporum produced short monophialides and straight or slightly curved macroconidia (Fig. 2).
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Figure 1: Stout and robust macroconidia (a) and long monophialide (b) of F. solani.



Endophytic Fusarium species were among the fungal isolates recovered from the plant roots of the grass family Poaceae (formerly known as Gramineae) (Sieber 2002). In the present study, only two species, F. oxysporum and F. solani, were isolated from A. compressus roots. Both Fusarium species are cosmopolitan, occur on a wide range of hosts and are common soil saprophytes. Endophytic F. oxysporum and F. solani have been isolated from roots of different grasses, such as Holtus lanatus, which grows in humid water logged soils (Sanchez Marquez et al. 2010), Oryza granulata (Naik et al. 2009) and Oryza sativa (Yuan et al. 2010). In addition to grasses, endophytic F. oxysporum and F. solani have been recovered from roots of several plants from the family Leguminosae (Marcia-Vicente et al. 2008a), and isolates of endophytic F. oxysporum have been reported from roots of several vegetables (Kim et al. 2007). Isolates of endophytic F. solani have been found in roots of Rhizophoraceae mangrove trees (Xing & Guo 2011). These studies suggest that endophytic F. oxysporum and F. solani are common fungal endophytes occupying the roots of grasses and other plants.

Endophytic Fusarium species from grasses are hemibiotrophs, i.e., they infect healthy tissues as biotrophs, but the fungus may infect the host after a latency period or become a saprophyte when then host plant dies (Bacon & Yates 2006). The association between the endophytic fungus and the plant host may also switch from mutualistic to pathogenic depending on several factors (Moricca & Ragazzi 2008; Kogel et al. 2006; Johnson et al. 1997; Halmschlager et al. 1993). Therefore, the association between the fungal endophyte and the host plant is likely transitory (Bacon & Yates 2006). Although the association is transitory, the fungal endophyte may help the plant host adapt to its habitat, promote plant growth and protect plants from biotic and abiotic stress (Rodriguez & Redman 2008; Schulz & Boyle 2005; Sieber 2002).
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Figure 2: Straight and slightly curved macroconidia (a) and short monophialide (b) of F. oxysporum.



New plant pathogenic fungi, including pathogenic Fusarium, may evolve. These pathogenic isolates can colonise other plants without causing disease symptoms (Leslie & Summerell 2004). Symptomless root infections in plants have been reported from several temperate Fusarium species, such as F. graminearum, F. nivale and F. culmorum (Sieber et al. 1988), and F. crookswellense (Boshoff et al. 1996). Both F. oxysporum and F. solani are well-known plant pathogens, and both species have special forms (forma speciales) that infect specific crop plants. The pathogenic isolates may arise from endophytes when new plants or crops are planted in the same field (Summerell & Leslie 2004).

Fusarium usually dominates root endophytic communities specialised for the colonisation of herbaceous plants (Sieber 2002). Therefore, the association of endophytic F. oxysporum and F. solani with roots of lawn grass (A. compressus) may suggest the importance of the roots as an endophytic niche for Fusarium species.
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Abstrak: Sembilan sampel tanah dari sembilan bangunan yang diserang oleh Coptotermes gestroi di Pulau Pinang, Malaysia, telah diuji untuk menentukan jenis tekstur tanah. Prosedur analisis tekstur tanah menggunakan kaedah hidrometer. Empat daripada sembilan bangunan (44%) dikenal pasti sebgai tanah jenis liat pasir. Manakala lima daripada sembilan bangunan (56%) telah dikenal pasti sebagai tanah jenis gembur berpasir.



Kata kunci: Coptotermes gestroi, Anai-anai, Tanah Liat Pasir, Tanah Gembur Berpasir, Kaedah Hidrometer



Abstract: Nine soil samples from nine buildings infested with Coptotermes gestroi in Pulau Pinang, Malaysia, were tested for the type of soil texture. The soil texture analysis procedures used the hydrometer method. Four of nine buildings (44%) yielded loamy sand-type soil, whereas five of nine buildings (56%) contained sandy loam-type soil.



Keywords: Coptotermes gestroi, Termites, Loamy Sand, Sandy Loam, Hydrometer Method



Subterranean termites, especially of the genus Coptotermes, are a widespread insect pest in Southeast Asia (Abdul Hafiz & Abu Hassan 2009). These termites were reported as the most destructive subterranean termite in Thailand and Malaysia (Abdul Hafiz & Abu Hassan 2009, 2008; Kirton & Brown 2003). The subterranean termite is a social insect with a mysterious life cycle. With cryptobiotic life and constant underground movement, subterranean termites can strike unexpectedly anywhere and can cause serious damage to buildings and products containing cellulose (Kamble & Davis 2005). Control of subterranean termites has always been an important concern of homeowners and the pest control industry. Lee (2002) reported that in 2000, a total of US$ 810 million were spent on termite control across Malaysia, which accounted for 50% of the business turnover of the pest control industry.

Soil termiticide treatment is one of the main strategies for protecting buildings and structures from subterranean termite attacks over the past 30 years. This treatment creates a chemical barrier underneath the premises or buildings. Termiticides are categorised as repellent, toxic and non-repellent. The effectiveness of these soil termiticides depends on the physical and chemistry properties of the termiticides and is also very dependent on the adsorption of the termiticides (Saran & Kamble 2009; Davis & Kamble 2008).

The adsorption of a termiticide in soil is the binding of a termiticide to the surface of soil particles, especially clay and organic matter (Davis & Kamble 2008). Depending on many factors in a soil profile, such as moisture, pH and temperature, a compound may adsorb to and desorb from soil particle surfaces while migrating through the soil. It is also important to consider the clay, sand and silt content of soils because insecticides generally do not migrate as readily in soils with high clay and organic matter content. The mineral content of soil is also an important factor in determining the persistence of termiticide by either catalysing decomposition or affecting the adsorption rate. Moreover, most of the chemical and physicochemical reactions in soils occur at the surface of the particles. Because smaller particles have a greater surface area than coarser particles, smaller particles have more influence on the soil (Saran & Kamble 2009; Davis & Kamble 2008).

In addition, soil is made up of four major components, namely, inorganic material, organic material, air and water. Inorganic soil particles occupy approximately one-half of the total volume of the soil surface. These soil particles are conveniently divided into size groups called separates. The three major soil separates are termed sand, silt and clay. The percentages of sand, silk and clay determine the texture of the soil (Davis & Kamble 2008; Bowman et al. 1965). Nevertheless, soil texture is important because it reveals the relative proportions of sand, silt and clay in soil because the physical and chemical properties of these separates differ greatly (Shirazi & Boersma 1982). Therefore, the purpose of this study was to determine the types of soils associated with termite infestation inside building structures, with the goal of developing better termite infestation prevention strategies utilising termiticide soil treatment or physical protection of building structures.

All of the soil samples from the study sites (Table 1) that were analysed for soil texture were from building structures that were highly infested with the subterranean termites Coptotermes gestroi. The soil samples were collected from a termite underground monitoring station and an above-ground monitoring station located inside and outside of the perimeter of the houses (Table 1). The soil sampling locations in the building structures are shown in Table 1. The termite monitoring stations consisted of cellulose bait inside the station that attracted termites to feed. The termites brought soil with them to cover the cellulose bait during their feeding activities inside the monitoring station. Soil texture analysis procedures used the hydrometer method (Ashworth et al. 2001). Hydrometers are instruments commonly used to measure the density of a solution. A soil hydrometer is calibrated in g/l to give the amount of material in suspension in a sedimentation cylinder. Large amounts of suspended particles impart a high density to a soil-water mixture, so the hydrometer floats at a comparatively high level. As the particles settle, the density decreases, and the hydrometer sinks. Several factors must be considered when performing this procedure, including temperature, soil clods, the aggregation of particles due to certain cations, the chemical (NaOH) and physical (stirrer) dispersion of soil particles and particle size analysis using a simplified experimental procedure.



Table 1: Building structures, termite species, levels of infestation and soil types of termite-infested structures in Pulau Pinang, Malaysia.
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The experimental procedures for the particle size analysis were divided into two categories: the calibration of each hydrometer and pretreatment to remove organic matter and disperse the soil particles.

For the calibration of each hydrometer (Zeal Ltd., England) 50 ml of dispersing agent (1 N NaOH) was added to a 1000 ml measuring cylinder, the volume was increased to 1000 ml with distilled water and mixed thoroughly, and the temperature was recorded. The scale reading on the hydrometer stem of the blank solution was read, and the temperature was recorded on the datasheet.

The first procedure for the second category was to place 50 g of 2 mm sieved soil samples and 100 ml of 6% H2O2 into a 600 ml beaker. The mixture was left at room temperature overnight. The beaker was then placed on a hot plate at 90C for 10 minutes. The solution inside the beaker was placed on a stirrer and stirred thoroughly for 10 minutes. The suspension was later transferred to a 1000 ml measuring cylinder. Distilled water was added to the 1000 ml mark, time was allowed for the suspension to equilibrate thermally, and the temperature was recorded. The mouth of the measuring cylinder was covered with Parafilm, and the cylinder was inverted several times until the contents were thoroughly mixed and left in a cool, shaded place. The finishing time was set as T0. Immediately, the hydrometer was lowered into the suspension and read after 40 seconds. The temperature was measured with a thermometer. The hydrometer was then removed and cleaned. After 2 hours, the hydrometer was again lowered into the suspension, and the data were recorded. The above methods were repeated for the rest of the soil samples collected from the termite-infested buildings. Appropriate values for all of the soil samples were recorded on the datasheet. After calculating the percentage of each particle, the United States Department of Agriculture (USDA) textural triangle was used to determine the texture class of the samples (Shirazi & Boersma 1982).

A total of 25 premises from 13 sites were surveyed for termite infestation. Of the 25 premises from 13 sites, only 14 premises from 9 sites were tested for soil types, as only these 9 sites underwent soil treatments and presented infestation by the economically important termite genus Coptotermes. The sites were Bayan Baru, Bertam, Guar Perahu, Mengkuang, Gelugor, Kampung (Kg.) Guar Perahu, Bayan Lepas, Taman Rupawan and Greenlane. The types of soil were either sandy loam or loamy sand (Tables 1 and 2). In Bayan Baru, Mengkuang, Gelugor and Greenlane, the soils were of the loamy sand type (44%), whereas in Bertam, Guar Perahu, Kg.Guar Perahu, Bayan Lepas and Taman Rupawan, the soils were of the sandy loam type (56%) (Tables 1 and 2).



Table 2: Percentage types of soil.
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Based on the soil analysis, most of the infested structures contained either loamy sand or sandy loam. Clay and organic matter content is an important characteristic influencing the termiticide adsorption mechanism. Clay and organic matter in soil can vary from less than 1% in sandy soils to well over 50% in heavy clay soils. The vertical and horizontal distribution of termiticides is dependent on the interaction with soil particles through processes called adsorption and desorption (Saran & Kamble 2009; Davis & Kamble 2008). Knowing the types of soil at the sites provides us with the density and hardness of the soil. Therefore, soil type will affect the drilling process throughout the foundation (Davis & Kamble 2008). Additionally, the type of soil will influence the adsorption of chemicals to the soil. Thus, during the process of sub-slab chemical injections, chemicals will spill from the hole because of the soil composition and structure underneath the foundation, which may not adsorb the chemicals very well when creating a continuous termiticide barrier around a building structure.

In this study, nine building structures infested with termites were identified as containing either the loamy sand or the sandy loam soil type. Therefore, we can conclude that termites from the genus Coptotermes will mainly infest a building structure if the structure was built upon either loamy sand or sandy loam. In addition, this research provides a procedure for housing developer contractors to test construction sites types of soil. Therefore, a preventive measure could be applied, using soil termiticides or physical protection to prevent termites from penetrating through building structures. The future direction of this research is to test the retention of termiticides within each soil type. This research will lead to a better understanding of insecticide absorption and binding into soil particles.
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Cultivars My Mo My Sij

BT-TS 1“2 0 08750
BT-SB 9 0 5 06427
Ts-sB 9 0 7 05625

Note: * BT Bukit Tinggi. TS: Tanjung Sepat SB: Sabah. Sii: Jaccard similarity coefficient
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Exposure. Toxicity LCwo. ‘Synergistic Slope.

™ Treaments (eL-ue) mon ) value
% 0 2723 3748 3462058
A+pB 1163(.18-2002) 23 2612050
A+ MGK 1399 (9.82-44.14) 195 1882054
‘recolne 049(038-080) 2332048
Arecoine + PB 140(085-5.22) 035 1372038
Arecoine + MGK. 048(031-128) 103 1062027
@ A 232 2056-2788) 3272083
A+pB 893(726-1389) 261 2132050
A+ MoK 879721-13.10) 265 2222081
‘recolne 034(028-046) 205041
Arecoine + PB 089 (057-301) 038 1032028
Arecoine + MGK. 031(021-067) 110 0952028
n A 17,45 (15.36-19.82) 3212081
AseB 810497788 208 1912047
A MoK 472389-547) a0 2582048
‘recolne 021017-027) 1742038
Arecoine + PB 051 (033-1.18) 0 0902028
Arecoine + MGK. 010(004-0.14) 216 1062027
% n 1232 (970-14.32) 2755082
A+pB 380 (252-445) 32 2652049
A MoK 388 (305-4.49) a1 2822050
‘recolne 0.14(008-0.17) 1792038
Arecoine + PB 0.13(004-021) 104 0842028
Arecoine + MGK 006(002-009) 23 1235029

Notes: LCL, lower confidence lmi. UCL. upper confidence Imi. + inear regression between 09 x
and log y. ++. non-inear regression between log x and Iog y. A, A calochu. The snais, § batches
sch containing 10 snais, were exposed (o the dferent concentations of the treaimenis. The
mortalty was recorded every 24 . The concentrations represent th fnalconcentations (wh) n the
glass aquarium water. The tratio was 1.96. heterogeneily factor < 10 and g value < 05 at all
probabilt levels: The slope value is reported as the meansSE_ A signfcant negative regression
(p<0.05) was observed botween the exposure time and the LC. of the reatments. 1s, tesing
Signiicance of he rogression coeficientof A + PB = ~33.48+: arecoin + PB = 18,60+, A+ MGK =
794++. and arecoine + MGK = -5 70+

“Jaiswal and Singh (2008)
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Location

Date of

Source  Mortality start

e Sremoe
sample
Sg. Udang . a':; s Tawan  16Feb2007 >90% 30.40-30.80
(F;l"';:mmm SCofe | Tawan  27Feb2007 >80% 30.40-30.80
(o o) sammes  TaWan  3Mach2007  >00% 30.40-30.80
B Tombun) 2007 emy Taiwan 2 March 2007 >80% 30.40-30.80
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Location Water

Salinity

Do

Ammonia

in it Temperature (°C) pH
sampling site (ppt) (ppm) (opm)
Surface 3080 309 668 790 o044
Fam A
Middle 3057 3090 651 790 024
Bottom 3045 3088 630 790 045
Surface 3070 3080 677 790 013
Fam 8 Middle 3068 3080 670 790 o011
Bottom 3045 3088 660 790 037
Surface 3070 3080 720 790 007
Fam C
Middle 3060 3080 720 780 053
Bottom 30.50 3080 670 780 015

Notes: *Optimal ammonia conditions for cultured fish are <0.01 ppm: DO: Dissolved oxygen
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Comparison Larval
chironomid Diversity Turbidity 1SS 08 pH DO BOD
abundance
Cage culture site
20mvs.35m *, p=0.021 *, p=0.026 *, p=0.021 *, p=0.038 ns, p=0.772 ns, p=0.248 *, p=0.021 ns, p=0.773
20mvs.50m *,p=0.021 *, p=0.029 “p=0021  ns,p=0442  ns,p=1.000  ns,p=0248 +, p=0.021 ns, p=0.564
35mvs.50m ns, p=0.885 ns, p=1.000 ns, p=0.468 ns,p=0.110  ns, p=0.663 ns, p=0.773 *, p=0.029 ns, p=0.564
Non-cage culture site
20mvs.35m ns, p=0.149 ns, p=0.553 ns, p=0.773 ns,p=0.773  ns, p=0.773 ns, p=0.773 ns, p=0.386 ns, p=0.248
20mvs.50m ns, p=0.286 ns, p=1.000 ns, p=0.191 ns, p=0.058 ns, p=0.564 ns, p=0.386 ns, p=0.386 ns, p=0.191
35mvs.50m ns, p=0.248 ns, p=0.766 ns, p=0.248 ns, p=0.081 ns, p=0.564 ns, p=0.386 ns, p=0.386 ns, p=0.773
Cage culture site vs. Non-cage culture site
20m ns, p=0.773 ns, p=0.372 *, p=0.021 ns,p=0.757  ns, p=0.772 *, p=0.043 ns, p=0.059 ns, p=0.309
35m *, p=0.021 *, p=0.017 ns, p=0.149 ns, p=0.309 ns, p=0.386 *, p=0.021 *, p=0.029 ns, p=0.468
50m *, p=0.021 *, p=0.029 *, p=0.043 *p=0042  ns,p=1000  * p=0.043 *, p=0.021 ns, p=0.767

: * = signiicantly diferent;

= not significantly different
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Exposure o iments Toxicity LCss (LCL-UCL)  Synergistic: Slope.
) mol ) value
% s 7415 (64.19-91 64) 2792051
MFS +PB 2068 (15.78-5191) s 2632075
MFS + MK 1698 (1392-209) st 3902078
MFA 3861 (36 46-4222) 809 4134
MFA+PB 1975 (13.52-58.98) 198 1722048
MFA+ MK 1464 (11.04-2372) 264 ansom2
“Myristicin 151 (004-447) 1352031
Myristcin + P8 138(112-213) 12 33ms070
Myrstcin + MGK 121(093-225) 125 2482050
@ “WFS 54.42 (45 29-64.76) 2312048
MFS +PB 1443(1226-21.20) am 2631060
MFS + MK 1368 (1205-1721) 3o 3z22:070
WFA 3399 (32.18-06.29) 7072117
MFA+PB 1052 (8 55-14.99) 323 1932041
MFA+ MK 1251 (1035-19.68) 2m 2572084
“Myisticin 071(050-132) 1182028
Myistcin + PB 119 (098-201) 060 2512060
Myristicn + MGK. 088 (071-138) o081 2062050
7 WS 4599 (37 43-5350) 2521048
MFS+PB 920(804-1020) 500 3692070
MFS + MK 1041 (9171184 w2 3232068
WA 3022 (28.08-3208) ba7e11s
MFA+PB 657(5.10-813) 460 1852038
MFA+ MK 874757-1061) 34 2632081
“Myistcin 037 (026-053) 1162026
Myristicin + P8 077 (086-089) 04 2812068
Mystcin + MGK 069(057-095) o054 1892048
% “WFS 3695 2774-4375) 2542049
MFS +PB 835(7.38-013) e 4632074
MFS + MK 843(595-950) a3 3262060
WA 2861 (2867-30.15) 7702120
MFA+PE 454(324-560) 630 1962038
MFA+ MK 638(591-7.12) 450 3522063
Myrstn 016(0.10-021) 1532028
Myrstcin + PB 062(050-070) 02 3142087
Myrstcn + MGK 041(031-048) 039 2412048

Notos: LCL. ower confdence it UCL. upper confdence it . near regression between log x
and og y. ++. non-inear regrossion beiween 10 x and Iog y. MFS. M. fagrans seed: MFA, M
Iagrans "anl. The snals (6 batches, 6ach contaning 10" snas) were exposed 1o diferent
concentrations of the treatments. The mortalty was recorded every 24 h The conceriations
roprosent the final concentraons () i the gass aquariom water. The Lratio was 196,
neterogeneity facor < 1.0 and g vae < 0. at al pobabity levels. The siope value is reported s the
meantSE_ A signicant negative regression (p<0 05) was observed betwoen the exposure tme and
the LCio of the treatments ts. testing sigifcance of the regression coeficient of MFS + PB
8.06%+; MFA + PB = 17.37++ mynston + PB = -6.95+; MFS + MGK = ~15 46+; MFA + MGK
~13.16+; and myrisicin + MGK = ~14 32+
Jaiswal and Singn (2009)
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TACGAGATAGCATTCGLCLCTGGGTGGGTAGLAGTGLACTCACTGGAGGGLG

51 TTGACTACGATTCGACGGGGAGGTTTTGGCCGTCCCAACTGGAAAAACCC
151 GGGGGACGCCCCCCTTAATCCCCTTGGCGTAGTACCCCATAGGCCCTGCGG
201 GCTCTGGCGTCCCAAGGCCCACGCCGATGCCGGGCCCGGGTAGCAGTTGCG
251 GAATGGGAAAGGGAAACGCACGGTGGCGGCACCTTAGCGTTAGCGGGCGC
301 GGGGGGGGCGCGCACCCGGACCGTGACCGTTGCACTTGCCAATAGCGCCA
351 GCGCCCACTGCTTTCGTCTCTTCCCCTTAAGTTATAGTAAGGGCGCCGCT
401 TTTGCCTTCGAAACGAGGGGTGGGCACCGGGTACGGATCCGATTTTTGCG
451 TTACCGCGACTCCACAATAGTTGATTTGATTGATGGGAGGATTCACGCAC
501 TTTCCCCTCGATTGAAATACTTTATTTTTGGATTTTGGATCAAACTCTAT
551 TAAAAAAAGAACCCATTTTTGATAATTATTGGAACATTAATCAAATTTAG
601 CTCATTTTATTTTTTTTTATAAAAAAATGAATTTTAATTTTTTCAATTTA
651 AAGCAAAATTAAACCAGATTAAAAAAAAAATTTTTTTCCCAAATTTTTAA
701 AAAAAATAATTAACCTTAAATTTTTCCTTTTCAAAATTTTATTCGGTGTA
751 ATTTTTTTGTCGCGTTTTTTTCTCAACCCCAAATGGTTGAACCCTCATTA
801 AAATCCGGCCCAAAACCCCTAAATTAAAACTAACCCCCTAAAAACCCGCA
851 AAACCCTCTGTATACAAGCACCCGACTGGGGATTCTTTTTCCTCCACATC
901 ATGTTATTTTTATATAAAAATAATATTCTCTATTTATCTTCCAAAAATTTC (950)
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Termite

Level of

Soil sampling

No. Site Building structure species infestation location Soil type
" " AG Loamy
1 BayanBaru Terrace house  C. gestroi High (Living room) s
Traditional Malay AG
2 Bertam house C. gestroi High (Living room)  Sandy loam
uG
3 GuarPerahu  Bungalow house  C. gestroi High (Cargarage)  Sandy loam
Traditional Malay . " uG Loamy
4 Mengkuang house C. gestroi High (Car garage) sand
; " AG Loamy
5  Gelugor Bungalow house  C. gestroi High (Bedroom) poal
Kg.Guar Traditional Malay AG Loamy
6 Perahu house C. gestroi High (Living room) sand
AG
7 BayanLepas Musholla C. gestroi High (Women's  Sandy loam
prayer hall)
Taman " N uG
8 Rupawan Bungalow house C. gestroi High (Car garage) Sandy loam
Semi-detached . " Loamy
9 Greenlane hovee C. gestroi High (Dining hall) poa

Notes: *AG = Above-ground monitoring station
*UG = Underground monitoring station





OEBPS/images/page016_01.gif
Logens:

[ oot
BZZ) Cage Cuture.
] Torrestrial

B Cogo Cutr St
®  Non Cage Cuture St






OEBPS/images/page058_01.gif
Nest Coordinate Occupied Level of threat

“Aint 5.467350° N, 100.202033" E - High
Ain2 5.465183° N, 100,199600° E v High
Ain3 5.466517° N, 100.194783' E v High
Monk1 5.468217° N, 100.191650° E - High
Monkz 5.473595° N, 100,185808° E High
MH1 5.475876° N, 100183239 E Moderate
MH2 5.474233° N, 100.179081° E Moderate
MH3 5.472815° N, 100178454 E - Moderate
MHe 5471017° N, 100.178158' v Moderate
Ketat 5.467932° N, 100.179122° E - Low
Keta2 5.468656° N, 100,182585° E Low
Ketad 5.462777° N, 100.183800° E Low
Ketad 5462145 N, 100.184082° E - Low
Ketas 5.460645° N, 100183228 E - Low
PK1 5.456088° N, 100,182564° E - Moderate
Pr2 5.458461° N, 100184981 E v Moderate
K3 5.458628° N, 100,187542° E - Low
e 5.458393° N, 100,188469° E v Low
PKS 5.458815° N, 100188327 E Low
K6 5.448450° N, 100183590 E Moderate
K7 5.448319° N, 100.183142° E - Moderate
K8 5.448531° N, 100,180590° E - Moderate
Kamp1 5442753 N, 100,182512° v Low
Kamp2 5.437421° N, 100182065 E - Low
Kamp3 5434133° N, 100.178983° E - Low
Kampa. 5.433707° N, 100,180044° E - Low
Kamps, 5.433021° N, 100180845 E - Low
Kamps, 5.433000° N, 100,182562° E v Low
Mast 5.431510° N, 100.183024° E - Low
Mas2 5.431083° N, 100183503 E - Low
Mas3 5.431303° N, 100,184251° E - Low
Masa 5.430685° N, 100.185880° E = Low
Mass 5.434218° N, 100.191553' v Low
Mass 5.424389° N, 100.190512° E N Moderate

Notes: Alin ~ Teluk Aling, Monk — Morkey Beach, MH — Muka Head, Keta ~ Teluk Ketapang, PK -
Pantai Kerachut, Kamp — Teluk Kampi, Mas — Pantai Mas
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Exposwre () Treatments “Toxicity LCw ‘Synergisiic: Siope

(LeL-uet) e o valoe
B s 12126 (108 62-174.86) 336:060
cPs+PB 2191 (18633107 s81 3482076
oPS + MoK 2307 (19.18-35.67) 552 3232075
oL 1652 (16.90-25.89) 2042050
cPLePs 11619012148 7 2332086
CPL+ MGK 567 342-2232) as1 1304034
‘Papain 1663 (14.55-21.55) 4482088
Papain + PB. 760 (5 24-18.15) 218 1161020
Papain+MGK 915 (667-17.22) 182 171035
“ ‘ops 10287 (89.23-13250) 2820082
cps+PB 1657 (1477-1987) 621 3420089
cPs+ MoK 1752 (15.19-23.15) 587 283:088
oL 1652 (1368-22.14) 2141041
crLepe 765 (637-1061) 218 2312049
oPLYMGK 4210512250 s 0992030
“Papain 1507 (13.14-19.75) 3502074
Papain + P8 491028-11.05) 307 0891026
Papain +MGK  743(5.06-17.44) 203 1132028
n ops 8093 (68.62-6703) 2481000
cps+PB 1436 (1265-1675) 564 3082067
CPS+ MGK. 1316 (10.97-15.55) 615 250066
oL 1186 (978-14.61) 2052030
crLepB 333(104-422) 358 1892047
oPL+ MK 201(147-333) 5% 1232020
Papain 1274 (11:30-1551) 3272089
Papin + P8 271 (1.46-426) a7 088025
Papain +MGK  3.17(223443) a0 1212027
% ‘ops 6156 (5179-6903) 3532084
cps+pB 1218 (1001-14.06) 505 2672086
oPs + MoK 9.16(675-1062) 672 3192071
crL 838(661-958) 223030
crLep 200(202-352) 209 2861053
CPL+MGK 080(054-1.03) 1047 1562020
“Papain 974 (865-1081) 3712060
Papain + P8 117 (027-1.89) 835 0881026
Papain +MGK_ 125(085-1.77) 780 1382027

otos: LCL lower confidence it UCL. upper confidence it . lnea regression between log
x and log . ++. non-inear regression batween log  and log y. CPS. C. papaya seed: CPL,
Cpapaya latex. The snails (5 batches, each containng 10 snais) were exposed 1o the diferent
oncentratons of the reatments. The mortlty was recorded every 24 h. The concentrations
reprosent the ina conceniralions (W) in the glass aquanum water. The Lrato was 196,
eterogeneily facor < 1.0 and g value < 0.5 at al probabity lvels. The siope value s raporied.
the meansSE. A signifcant negaiive regression (p<005) was cbserved between the exposur
time and the LG of the treaiments. s, tesing signiicance of th regression coeficient of CPS +
1861+, CPL + PB =525, papain + PB = ~11.00+; CPS + MGK = ~18.21+: CPL + MGK
13,07+ and papain + MGK = -8 06+
< Jaiswal and Singh (2008)
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1 GICGAAGTAAGTGACTCTTTGTGATGTCTTCGATCCTAACTACTCCGGAT
51 GCTTTCGGGCATGGGTTTCTATGTTACATTTAGATGTTTGATCTCTGTGG
101 CTCTCTTTCATTATACTTACTTCCGTCGTTCCTTTCTTATTGTTTGGCGG
151 AACATGGCTATCTTGCGCTTGCGCGAGGTTGAAGGTGGGGGAGCCCCCAA
201 TTTGGGAACCGCCAGCCTGGGGAACTCCCGGATTTTTTTTTTCCAACCCC
251 TTTATATGAATCCCCCGGAGCTTTGTGGGGAAACACCCGGGATGCCCCAA
301 ATTCCTATCACCAATTAGACAAATCAACCTCCTTCCAAAAAAAAAAAATG (350)





OEBPS/images/page048_03.gif
=1/| I(A)R,(A)






OEBPS/images/page048_01.gif
O, = | R(AS(A)(A)dA





OEBPS/images/page073_01.gif
1 AGTTCCTACTAGTACGGTGGGATAGAGGTGAGTGATGAATAGTACGTTGA
51 TTGGTGTTAAGTGAAAGACTGCTGCATGACCCCATGAAAAGACTAACTTG
101 CCCGCTTACTGCATCAGGGTACCACTGTGGTCGGGCCCTATAATGAGTCG
151 TGTTTGAATTCACCGAACGTCGTGTTGGGGAAAAACGAGTCCCAAGGAGT
201 AATAGGCACAACGCCAACACCAATCGGCCTTCCCATGGATTGGGGAACGT

251 GCATGGCGAATGGACGCGCCCTGGCCCGGCGCATTGAGCGCGTCGGGTGE
301 GGCGGATACGCTCATCTTGACCCTCAACCGTATCTGGGGGTCTATTCATA
351 TGATCCGAAGGGAATTTTGCCGATTTACAGCTCTATTGGTATAAAAAATG
401 AGCTTGTTTCAACAATTTTTTTAACGCTGAATTCTTCACAAAAGTTATTC
451 GGGGTAACAATTTTCCCTGGATGCGGTATTTTCCTCCTTAACTCATCAGG
501 GCCGGTAGTTTCACACCCTCGTAAGTGCCCCTCCACAAGACAAATATGCT
561 TCAGATGCCGCCTTAATATAACTCCAACCCCCCCACTTCAGGCCAACTAT
601 CGGTTAACGCGTCCCTCACGGGCTTTTGTCTTGCACACTGTTCTATCGAG
651 CTTCCCACCACAGGGTCTTGGTGGAACGTTCCATCGGGATAGTTCTTGAT
701 GCTGCCCCCTAGAAAAGTTATTATCCCCGCATGTCAATGAAGAGAGAAAA
751 CCCGGGTGAAGAAAACCAAAGAAA (774)
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Soil types Percentage (%)

Sandy loam 56
Loamy sand 44
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Ginger cultivar DNA concentration (ug/mi)  A260/A280 ratio

Bukit Tinggi 1516637 16624
Tanjung Sepat 302700 1.8520
Sabah 150.5050 1.7253
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Treatments Concentration (mg/)

C papaya sesd + PB 10.15,20.40
C papaya seed + MGK 264 10,16,20,40
C papaya tatex + PB 7.15,20,25
C papaya atex + MGK284 5102025
Papain + PB 1387
Papain + MGK.264 1357
A catochu seed + PB 7.15.20.25
A catochu seed + MGK 284 10,15,20,25
Arecoine + PB 01.03,05,07
Arecoine + MGK 264 009,01,03,05
M. fragrans seed + P8 5.10.20.30
M. fragrans seed + MGK 264 5102030
M. fragrans ari + P& 10,20,30,35
M. fragrans ar + MGK.264 5102030
Myestcin + PB 05.07,09,11

Myristcin + MGK-264 03,05,07,09
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Cage culture site Non-cage culture site

Species Depth 2.0 m Depth 3.5 m Depth 5.0 m Depth 2.0 m Depth 3.5 m Depth 5.0 m

7" 14" 28" 5" 7" 14" 28" 56" 7" 14" 28" 56" 7" 14" 28" 56" 7" 14" 28" 56" 7" 14" 28" 56"

day day day day day day day day day day day day day day day day day day day day day day day day
Subfamily
Chironominae
Chironomus 4 15 - - T - - - 19 4 M - 7T 4 - - 11 4 4 T 4 304 4 7
Dicrotendipes 1300 285 137 - 4 - - - - - - 15 78 230 119 7 4 133 12 - 4 22 15
Kiefferulus 2 219 281 48 - 2 - M - 2 - - 48 26 63 48 37 15 78 41 19 244 544 407
Polypedium 9 - ¥ 2 - - 4 - - - - - 59 28 5 19 - 6 % 2 - 15 7 7
Paratanytarsus B B e e - S
Rheotanytarsus L S T B
Pseudochionomus -~ -~ = = - = = = - - - - {1 - - - - - - - - 4 - -
Micropsectra e R - 2 1
‘Subfamily
Tanypodinae
Ablabesmyia 9019 - - - - - - - - - - 2 7 - 71 4 - - - - % 4 -
Pentaneura 5 % - 4 - 7 - - 7 - - - 2 3 - 19 198 1 7 4 15 7 - -
Procladius . S S S | N N
‘Subfamily
Orthocladinae
Nanocladius S S | B
Total 94 616 599 211 7 33 8 11 26 30 11 0 184 430 368 212 78 164 255 196 75 741 644 447






