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Abstrak: Kajian burung telah dijalankan di kawasan batu kapur Bukit Kepala Gajah di Lenggong, Perak, dari Julai 2010 hingga Januari 2011. Kawasan kajian telah dibahagikan kepada tiga zon: pinggir hutan, perantaraan hutan dan pedalaman hutan. Kaedah persampelan jarak point count telah digunakan dalam kajian ini. Sejumlah 7789 pemerhatian telah direkodkan, mewakili 100 spesies-spesies burung daripada 28 famili. Pycnonotidae, Timaliidae dan Nectariniidae adalah famili dominan dan menunjukkan bilangan pemerhatian yang tertinggi dalam kawasan kajian, manakala Motacillidae menunjukkan bilangan pemerhatian yang paling sedikit. Spesies-spesies burung telah dikelaskan kepada tiga kumpulan pemakanan: pemakan serangga, pemakan buah dan lain-lain (pemakan segala, pemakan daging, pemakan madu dan pemakan bijirin). Kekayaan spesies burung-burung pemakan serangga adalah berbeza secara signifikan antara zon-zon hutan yang dikaji (Kruskal-Wallis: α=0.05, H=10.979, d.f.=2, p=0.004), dengan burung-burung pemakan serangga lebih banyak dijumpai di pedalaman hutan. Tiada perbezaan yang signifikan dijumpai antara kekayaan spesies di zon-zon hutan sama ada kumpulan pemakan buah atau gabungan kumpulan pemakanan yang lain-lain.

Kata kunci: Kumpulan Pemakanan, Pinggir Hutan, Burung-burung Pemakan Serangga, Habitat Batu Kapur, Malaysia, Hutan Tropika

Abstract: Bird surveys were conducted in the Bukit Kepala Gajah limestone area in Lenggong, Perak from July 2010 to January 2011. The study area was divided into three zones: forest edge, forest intermediate and forest interior. A point-count distance sampling method was used in the bird surveys. The study recorded 7789 detections, representing 100 bird species belonging to 28 families. Pycnonotidae, Timaliidae and Nectariniidae were the dominant families overall and showed the highest number of observations recorded in the study area whereas Motacillidae showed the fewest observations. The bird species were grouped into three feeding guilds: insectivores, frugivores and others (omnivores, carnivores, nectarivores and granivores). The species richness of insectivorous birds differed significantly among the forest zones sampled (Kruskal-Wallis: α=0.05, H=10.979, d.f.=2, p=0.004), with more insectivorous birds occurring in the forest interior. No significant differences were found among the zones in the species richness of either the frugivore guild or the composite others guild.
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INTRODUCTION

Tropical forest ecosystems are deteriorating rapidly as a result of human impacts. Therefore, it is important to identify the bird species that are most influenced by the impacts and the extent to which habitat disturbance has affected biodiversity (Willis 1984). This type of study has been intensively pursued, and the identification of those species that are most sensitive to the rapid loss of tropical forests has received considerable attention (Canaday 1997).

Forest biodiversity is greatly affected by human activities, such as mining operations, agricultural expansion (Canaday 1997), timber extraction (Thiollay 1992) and the hunting of wild animals (Redford 1992). In Peninsular Malaysia, most of the pristine lowland dipterocarp forests have been exploited or harvested for timber and commercial crops (Caufield 1991). All of these activities have surely reduced the diversity of the fauna to an extent that reflects the degree of habitat disturbance.

Birds are effective as bio-indicators in the study of the impacts of forest disturbance and habitat structure on species composition (Karr et al. 1990). Tropical birds are highly diverse, and their ecological niches are extremely varied and reasonably well known. Birds are also more easily detected than other types of animals because of their often loud vocalisations and distinctive colours.

Quarries have been considered the primary threat to the survival of karst-associated species. They are creating undeniable problems for biodiversity conservation in Southeast Asia (Kiew 1991; Vermeulen & Whitten 1999; Sodhi & Brook 2006). Little information is available to help identify the feeding guilds of bird species that are most sensitive to habitat disturbance, and relatively few studies have been conducted on the fauna of limestone areas, particularly birds. The objectives of this study are to examine the influences of habitat structure and disturbance, specifically the edge effects in forests near limestone areas, on bird species composition and to identify the feeding guilds that are most sensitive to habitat disturbance.

MATERIALS AND METHODS

Study Site

Field work was conducted at the Bukit Kepala Gajah limestone area in Lenggong, Perak, located between 5°7.957′N 100°58.432′E and 5°7.728′N 100°58.410′E, from July 2010 to January 2011. Bukit Kepala Gajah, 1 of 8 limestone hills in the Lenggong Valley, is approximately 150 m above sea level and is located approximately 3 km north of Lenggong town. The Lenggong Valley is an important archaeological site. Evidence of Palaeolithic human settlement has been found in the valley (Majid 1994). The vegetation is generally mixed and includes limestone forest, lowland dipterocarp forest, orchards and secondary forest. Birds were surveyed at the sites in three zones: forest edge, forest intermediate and forest interior (Fig. 1). This survey was carried out on ordinary soils near the limestone area.
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Figure 1: Schematic showing locations of study sites in Lenggong limestone area, Perak, Malaysia. Zones are indicated as follows: ▲ - forest edge, ● - forest intermediate, ◘ - forest interior. A, B and C refer to the two replicate sets of sites.



Point Counts

A point-count distance sampling method was used in the bird surveys. Six transects (two in each forest zone) were randomly placed at the study sites and surveyed 15 days per month. The transects were approximately 300 m long and spaced 150 m apart, with census stations positioned at 50 m intervals. Bird surveys were conducted from 0700 to 1100 and 1600 to 1830. The surveys were only performed during suitable weather (i.e., in the absence of rain or strong wind). At each plot, all birds seen and heard during a 10 min observation period were recorded. Flushed birds were recorded at their original position, but flying birds were not recorded because their original positions were unknown. The bird identification was aided by Robson (2008).

Data Analysis

Kruskal-Wallis tests were performed to compare the number of species found in the three habitat zones. Separate tests were performed for each of the three bird feeding guilds designated for this study (i.e., insectivores, frugivores and others). A two-by-two G-test of independence was used to identify the bird feeding guilds that were more likely to be restricted to the undisturbed area. [Note: species were counted based on species found in forest interior according to their presence or absence in forest edge, and vice versa]. Birds flying silently high in the air (e.g., swallows, raptors, swifts) were not included in any of the analyses.


RESULTS

Bird Species

The study recorded a total of 7789 bird detections, that belonged too 100 bird species (Appendix 1). Transect walks done were about 1260 (105 days × 6 transects × 2 times per day). A total of 2603 bird detections occurred in the forest edge habitat, 2826 in the forest intermediate and 2360 in the forest interior. In all, 58 species were recorded in the forest edge, 83 species in the forest intermediate and 71 species in the forest interior. A total of 11 species were found only on the forest edge (18.97%). A total of 5 species (7.04%) were found only in the forest interior and 1 species was found only in the forest intermediate (1.20%).
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Figure 2: Species accumulation curves of bird species in Lenggong limestone area, Perak.



Lonchura striata (283 observations; 10.87%), Lonchura punctulata (213 observations; 8.18%) and Amaurornis phoenicurus (188 observations; 7.22%) were the three most abundant bird species recorded on the forest edge. Merops leschenaulti (278 observations; 9.84%) Prinia flaviventris (113 observations; 4.00%) and Iole olivacea (102 observations; 3.61%) were the three most abundant bird species recorded in the forest intermediate. Stachyris erythroptera (184 observations; 7.80%), Macronus gularis (89 observations; 3.77%) and Arachnothera longirostra (86 observations; 3.64%) were the three most abundant bird species recorded in the forest interior. As the sampling progressed each month, the survey yielded fewer new bird species in the forest interior. The graph of cumulative species numbers reached an asymptote in the forest edge and in the forest intermediate (Fig. 2).

Bird Families

In all, 28 bird families were recorded during the study period. Pycnonotidae (1063 observations; 13.65%), Timaliidae (976 observations; 12.53%) and Nectariniidae (740 observations; 9.50%) were the three most dominant families and yielded the highest number of observations recorded in the study area whereas Motacillidae was the family recorded the least frequently in the study area (1 observation; 0.01%).

Estrildidae (496 observations; 19.05%), Pycnonotidae (446 observations; 17.13%) and Cisticolidae (336 observations; 12.91%) were the three most dominant families and represented the highest number of observations recorded in the forest-edge habitat. Pycnonotidae (387 observations; 13.69%), Meropidae (328 observations; 11.61%) and Nectariniidae (301 observations; 10.65%) were the three most dominant families and represented the highest number of observations recorded in the intermediate zone. Timaliidae (563 observations; 23.86%), Nectariniidae (292 observations; 12.37%) and Pycnonotidae (230 observations; 9.75%) were the three most dominant families and represented the highest number of observations recorded in the forest interior.

Feeding Guilds

The bird species were grouped into three feeding guilds: insectivores, frugivores and others (omnivores, carnivores, nectarivores and granivores). Insectivores were the most abundant group (52%), followed by frugivores (24%) and others (24%). For improved clarity, we determined the feeding guilds according to the predominant food type. For example, birds that fed predominantly on fruits and fed on insects and/or nectar as items of secondary importance were classified as frugivores. This approach is consistent with the classifications used by Canaday (1997), Fogden (1972) and Wells (1999, 2007).

The species richness of insectivorous bird species differed significantly between the zones sampled (Kruskal-Wallis: α=0.05, H=10.979, d.f.=2, p=0.004). Insectivorous birds (1436 observations) were observed more frequently in the forest interior (Fig. 3). No significant differences in species richness among the zones were found for frugivores (H=5.156, d.f.=2, p=0.076) or others (H=4.257, d.f.=2, p=0.119).

The decline in the number of insectivorous birds at the forest edge is supported by the data from this study and from seven other studies on tropical forests. The studies showed a significantly greater restriction of insectivores to the forest interior, compared with other feeding guilds (Table 1). The data from other studies were selected to represent a variety of habitats and were adapted from Canaday (1997).

DISCUSSION

The numbers of bird detections in the forest zones surveyed are equivalent to a range of 30 to 36 sightings per species in each zone. This result suggests that bird abundance did not differ greatly among the three zones. The intermediate zone had a high total species number but the fewest overlapping species between zones. This result suggests that the high species number in the intermediate zone was primarily a consequence of the overlap between the edge and interior communities. The high species number did not represent a distinct community that depended on the conditions of the intermediate zone.

The results suggest that insectivorous birds are the feeding guild that is most influenced by habitat disturbance. Other studies have also shown that insectivorous birds are more sensitive to habitat disturbance than other feeding guilds (Table 1). Kruskal-Wallis tests indicated that only the insectivorous birds showed a significant difference in species richness among the zones. More insectivorous birds were observed in the forest interior. Insectivores are highly sensitive to habitat modification (Laurence et al. 2004) and they appear to be confined to areas with less disturbance (Tvardikova 2010). Generally, insectivores have high habitat specificity. They are more strongly restricted to the forest interior than other avian feeding guilds, especially in the tropical forest where habitat loss and its consequences are largely affected (Sekercioglu 2002). Insectivorous birds show a strong tendency to become more specialised and sensitive to prey abundance and behaviour because, unlike fruits, flowers and seeds, invertebrates actively avoid insectivores (Snow 1976).

The negative correlation between the species richness of insectivorous birds and the degree of impact from habitat loss may be due to the high degree of ecological specialisation among insectivores, food scarcity in the disturbed habitat, changes in microclimate and in predation rates, and interspecific competition.
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Figure 3: Numbers of insectivorous, frugivores and others bird species in three zones; forest edge, forest intermediate and forest interior.




Table 1: Numbers of bird species found in lowland tropical forest habitats. Diets: I-insectivores, O-other. Two-by-two G tests of independence (d.f.=1). Adapted from Canaday (1997)



	
	I
	O
	I/O
	G

	p




	A. Present study
	
	
	
	
	



	Forest interior

	27
	14
	1.9
	4.778

	0.029




	Forest edge

	11
	17
	0.6
	
	



	B. Cuyabeno Reserve, Ecuador(Canaday 1997)
	
	
	
	
	



	Forest interior

	36
	13
	2.8
	21.5

	0.000004




	Forest edge

	17
	44
	0.4
	
	



	C. Miriti, Colombia (Andrade & Rubio-Torgler 1994)
	
	
	
	
	



	Undisturbed forest

	20
	2
	10.0
	4.1

	0.044




	Young second growth

	19
	11
	1.7
	
	



	D. Concepcion, Bolivia (Davis 1993)
	
	
	
	
	



	Only forest

	24
	5
	4.8
	10.0

	0.0015




	Other habitats

	13
	19
	0.7
	
	



	E. Madagascar (Langrand 1990)
	
	
	
	
	



	Only rain forest

	18
	10
	1.8
	3.9

	0.049




	Other habitats

	24
	37
	0.6
	
	



	F. Colombia (Hilty & Brown 1986)
	
	
	
	
	



	Only rain forests

	91
	45
	2.0
	39.0

	<0.000001




	Other habitats

	138
	245
	0.6
	
	



	G. Peru (Parker et al. 1982)
	
	
	
	
	



	Only rain forests

	192
	170
	1.1
	5.7

	0.017




	Other habitats

	41
	62
	0.7
	
	



	H. Australia (Pizzey 1980)
	
	
	
	
	



	Only rain forest

	10
	1
	10.0
	15.9

	0.00007




	Other habitats

	23
	69
	0.3
	
	



Ecological Specialisation

In the forest, insectivorous birds are generally more specialised than other bird guilds. For this reason, they are more sensitive to subtle changes (Canaday 1997). As a result, insectivorous birds have developed numerous specialised niches and forage in certain narrowly defined microhabitats (Sekercioglu 2002). The high abundance of insects in Sarawak′s forest causes insectivorous birds to hunt in a wide range of microhabitats but in particular niches (Fogden 1972). In the subtropical forest in Hong Kong, microhabitat utilisation differs between Parus major and Sitta frontalis. P. major frequently uses branches with a diameter of less than 2 cm and primarily searches leaves whereas S. frontalis frequently uses branches with a diameter greater than 2 cm and has not been observed to search leaves (Kwok 2009). However, birds′ foraging behaviour may show differential responses in disturbed areas (Lloyd 2008). The birds may compete more intensely with each other for the remaining resources in the disturbed areas.

Food Scarcity

Habitat loss removes certain invertebrates that may well be preferred by insectivorous birds (Ford et al. 2001). A decline of insectivores may occur in impacted habitats because of a reduction or lack of certain important forest elements, such as army ant swarms in Central and South America (Canaday 1997) or loss of termites. Vegetation clearance and the replacement of native vegetation by crops may change the composition of the seed and invertebrate resources (Ford et al. 2001).

Microclimate

Forest edges are affected by wind damage and by removal of loose bark, a microhabitat used by certain bird species (Ford et al. 1986). The drying and warming effects of vegetation clearing at the forest edge extends into the forest, and the rate of solar illumination is higher near the forest edge (Kapos 1989). It is believed that deforestation can lengthen the dry season and thus affect the insectivorous birds because the species diversity of tropical invertebrates is influenced by moisture (Levings & Windsor 1984).

Predation

Habitat alteration can also affect insectivores and may support predator species that hunt in different ways in the forest edge and the forest interior (Canaday 1997). Certain raptor species in the tropics have been found to exhibit different characteristics in disturbed habitats and undisturbed habitats (Thiollay 1985). Habitat loss can attract raptors to prey on juveniles, particularly in disturbed understory habitats (Priddel & Wheeler 1996).

Interspecific Competition

Insectivorous bird populations are affected by a number of other bird species. For example, the removal of Manorina melanophrys from disturbed habitats has caused an increase in the number of insectivores (Clarke & Schedvin 1997). Interspecific competition may also occur because the same resources are used by different bird species in the same resource-poor habitat (Ford et al. 2001).

Implications for Conservation

The results from this study are generally applicable to the conservation of the forest. Although cave systems were not explored in this study, it is adequate to perform studies of cave birds on limestone outcrops because the cave-dwelling birds forage outside the caves during the day. In the sites investigated in this study, the types of bird species recorded varied considerably with the distance from the artificially created forest edges. It is more important to focus on sensitive species than on total species richness. For example, certain feeding guilds of bird species in this study were abundant in the disturbed area. These species exemplify species whose conservation requires relatively less attention.

The edge effects found in this study suggest that edges should not be created unnecessarily. In addition, the habitats that are already affected must be protected because their effects extend into the forest and affect its biodiversity. The forest-edge habitat is typically exposed to a variety of degradation-related problems, such as food scarcity, microclimate effects, predation on nests and juveniles, heightened interspecies competition, and the loss of specialised ecological niches. However, the processes by which sensitive species move from the disturbed areas require further investigation to maximise conservation outcomes.
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Appendix 1

List of bird species in Lenggong limestone area in three different zones; forest edge, forest intermediate and forest interior. Feeding guild; I: insectivores, F: frugivores, C: carnivores, O: omnivores, N: nectarivores, G: granivores.




	Family / Species
	Scientific name
	Forest edge

	Forest intermediate

	Forest interior

	Feeding guilds




	Rallidae
	
	
	
	
	



	White-breasted Waterhen

	Amaurornis phoenicurus
	√

	√

	
	C




	Columbidae
	
	
	
	
	



	Emerald Dove

	Chalcophaps indica
	√

	√

	√

	G




	Peaceful Dove

	Geopelia striata
	√

	√

	
	G




	Psittacidae
	
	
	
	
	



	Blue-crowned Hanging-parrot

	Loriculus galgulus
	√

	√

	
	F




	Cuculidae
	
	
	
	
	



	Plaintive Cuckoo

	Cacomantis merulinus
	√

	
	
	I




	Rusty-breasted Cuckoo

	Cacomantis sepulcralis
	√

	
	
	I




	Drongo Cuckoo

	Surniculus lugubris
	
	√

	√

	I




	Greater Coucal

	Centropus sinensis
	√

	√

	
	C




	Black-bellied Malkoha

	Phaenicophaeus diardi
	√

	√

	
	O




	Red-billed Malkoha

	Phaenicophaeus javanicus
	√

	√

	
	O




	Raffles Malkoha

	Phaenicophaeus chlorophaeus
	√

	√

	
	O




	Chestnut-bellied Malkoha

	Phaenicophaeus sumatranus
	√

	√

	√

	O




	Trogonidae
	
	
	
	
	



	Scarlet-rumped Trogon

	Harpactes duvaucelii
	
	√

	√

	I




	Red-naped Trogon

	Harpactes kasumba
	
	
	√

	I




	Alcedinidae
	
	
	
	
	



	White-throated Kingfisher

	Halcyon smyrnensis
	√

	√

	
	C




	Blue-eared Kingfisher

	Alcedo meninting
	√

	√

	
	C




	Meropidae
	
	
	
	
	



	Red-bearded Beeeater

	Nyctyornis amictus
	
	√

	√

	I




	Chestnut-headed Beeater

	Meropsleschenaulti
	√

	√

	
	I




	Blue-throated Beeater

	Merops viridis
	√

	√

	
	I




	Bucerotidae
	
	
	
	
	



	Great Hornbill

	Buceros bicornis
	
	√

	√

	O




	Rhinoceros Hornbill

	Buceros rhinoceros
	
	√

	√

	O




	Ramphastidae
	
	
	
	
	



	Brown Barbet

	Calorhamphus fuliginosus
	√

	√

	
	F




	Blue-eared Barbet

	Megalaima australis
	√

	√

	√

	F




	Red-throated Barbet

	Megalaima mystacophanos
	
	√

	√

	F




	Yellow-crowned Barbet

	Megalaima henricii
	
	√

	√

	F




	Gold-whiskered Barbet

	Megalaimachrysopogon
	
	√

	√

	F




	Picidae
	
	
	
	
	



	Maroon Woodpecker

	Blythipicus rubiginosus
	
	√

	√

	I




	Orange-backed Woodpecker

	Reinwardtipicus validus
	
	√

	√

	I




	Rufous Woodpecker

	Celeus brachyurus
	
	√

	√

	I




	Grey-and-buff Woodpecker

	Hemicircus concretus
	√

	√

	√

	I




	Buff-rumped Woodpecker

	Meiglyptes tristis
	√

	
	
	I




	Buff-necked Woodpecker

	Meiglyptes tukki
	
	
	√

	I




	Banded Woodpecker

	Picus mineaceus
	
	√

	√

	I




	Common Flameback

	Dinopium javanense
	
	√

	√

	I




	Rufous Piculet

	Sasia abnormis
	√

	√

	√

	I




	Eurylaimidae
	
	
	
	
	



	Black-and-yellow Broadbill

	Eurylaimus ochromalus
	
	√

	√

	I




	Banded Broadbill

	Eurylaimus javanicus
	
	√

	√

	I




	Dusky Broadbill

	Corydon sumatranus
	
	√

	√

	I




	Vireonidae
	
	
	
	
	



	White-bellied Erpornis

	Erpornis zantholeuca
	√

	√

	√

	I




	Campephagidae
	
	
	
	
	



	Black-winged Flycatcher-shrike

	Hemipus hirundinaceus
	√

	√

	√

	I




	Large Woodshrike

	Tephrodornis gularis
	√

	√

	√

	I




	Lesser Cuckooshrike

	Coracina fimbriata
	√

	
	
	I




	Ashy Minivet

	Pericrocotus divaricatus
	√

	√

	√

	I




	Aegithinidae
	
	
	
	
	



	Common Iora

	Aegithina tiphia
	√

	√

	√

	I




	Green Iora

	Aegithina viridissima
	√

	√

	√

	I




	Dicruridae
	
	
	
	
	



	Crow-billed Drongo

	Dicrurus annectans
	
	
	√

	I




	Greater Racket-tailed Drongo

	Dicrurus paradiseus
	√

	√

	√

	I




	Monarhidae
	
	
	
	
	



	Black-naped Monarch

	Hypothymis azurea
	
	√

	√

	I




	Asian Paradise-flycatcher

	Terpsiphone paradisi
	
	√

	√

	I




	Laniidae
	
	
	
	
	



	Tiger Shrike

	Lanius tigrinus
	√

	√

	
	C




	Brown Shrike

	Lanius cristatus
	√

	√

	
	C




	Muscicapidae
	
	
	
	
	



	Magpie Robin

	Copsychus saularis
	√

	√

	
	I




	Tickell′s Blue Flycatcher

	Cyornis tickelliae
	√

	√

	√

	I




	Yellow-rumped Flycatcher

	Ficedula zanthopygia
	
	√

	√

	I




	Asian Brown Flycatcher

	Muscicapa dauurica
	
	√

	√

	I




	Blue Whistling-thrush

	Myophonus caeruleus
	
	√

	√

	O




	Pycnonotidae
	
	
	
	
	



	Yellow-vented Bulbul

	Pycnonotus goiavier
	√

	
	
	O




	Red-eyed Bulbul

	Pycnonotus brunneus
	√

	√

	√

	F




	Stripe-throated Bulbul

	Pycnonotus finlaysoni
	√

	√

	√

	F




	Black-headed Bulbul

	Pycnonotus atriceps
	
	√

	√

	F




	Cream-vented Bulbul

	Pycnonotus simplex
	√

	√

	√

	F




	Spectacled Bulbul

	Pycnonotus erythropthalmos
	√

	√

	√

	F




	Black-crested Bulbul

	Pycnonotus melanicterus
	
	√

	√

	F




	Scaly-breasted Bulbul

	Pycnonotus squamatus
	√

	
	
	F




	Olive-winged Bulbul

	Pycnonotus plumosus
	
	√

	√

	F




	Buff-vented Bulbul

	Iole olivacea
	√

	√

	√

	F




	Hairy-backed Bulbul

	Tricholestes criniger
	
	√

	√

	I




	Phylloscopidae
	
	
	
	
	



	Arctic Warbler

	Phylloscopus borealis
	
	√

	√

	I




	Eastern-crowned Warbler

	Phylloscopus coronatus
	
	√

	I

	I




	Timaliidae
	
	
	
	
	



	Abbott′s Babbler

	Malacocincla abbotti
	√

	√

	√

	I




	Short-tailed Babbler

	Malacocincla malaccensis
	
	√

	√

	I




	Grey-throated Babbler

	Stachyris nigriceps
	
	√

	√

	I




	Chestnut-winged

	Stachyris erythroptera
	√

	√

	√

	I




	Grey-headed Babbler Babbler

	Stachyris poliocephala
	√

	√

	√

	I




	Pin-striped Tit-babbler

	Macronous gularis
	√

	√

	√

	I




	Puff-throated Babbler

	Pellorneum ruficeps
	
	√

	√

	I




	Sooty-capped Babbler

	Malacopteron affine
	
	√

	√

	I




	White-rumped Shama

	Copsychus malabaricus
	
	√

	√

	I




	Everett′s White Eye

	Zosterops everetti
	
	√

	√

	I




	Cisticolidae
	
	
	
	
	



	Yellow-bellied Prinia

	Prinia flaviventris
	√

	√

	
	I




	Rufescent Prinia

	Prinia rufescens
	√

	
	
	I




	Common Tailorbird

	Orthotomus sutorius
	√

	
	
	I




	Species total

	
	58

	83

	71

	



	Confined to single forest zone

	
	11

	1

	5

	



	Insectivores

	
	25/52

	41/52

	41/52

	



	Frugivores

	
	15/24

	21/24

	20/24

	



	All other diets

	
	18/24

	21/24

	10/24
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Abstrak: Industri minyak sawit memainkan peranan yang penting di dalam pembangunan ekonomi Malaysia dan telah meningkatkan kebajikan ekonomi rakyat. Untuk menentukan impak alam sekitar bagi anak pokok sawit di peringkat nurseri, maklumat mengenai input dan output perlu dinilai. Nurseri sawit merupakan rangkaian pertama dalam rantaian bekalan minyak sawit. Kajian gate-to-gate telah dijalankan di mana sempadan sistem telah ditetapkan untuk memasukkan hanya proses anak pokok sawit. Titik permulaan bagi proses ini adalah biji benih cambah sawit, disemai di dalam beg polietilena kecil (6 in × 9 in) dan dibiarkan sehingga anak pokok mencapai 3 hingga 4 bulan. Kemudian, anak pokok itu akan dipindahkan ke dalam beg polietilena yang lebih besar (12 in × 15 in) dan dibiarkan sehingga anak pokok mencapai 10–12 bulan, sebelum anak pokok itu ditanam di ladang. Unit fungsi bagi inventori kitaran hayat (LCI) adalah berdasarkan penghasilan satu anak pokok sawit. Secara amnya, dalam sempadan sistem, penghasilan anak pokok sawit hanya mempunyai dua impak alam sekitar yang utama iaitu polibeg yang digunakan semasa penanaman anak pokok dan juga racun kulat (ditiokarbamat) yang digunakan untuk mengawal kulat patogen, yang mana kedua-dua polibeg dan ditiokarbamat diperolehi dari bahan api fosil.

Kata kunci: Nurseri, Anak Pokok, Inventori Kitaran Hayat, Input Alam Sekitar, Penilaian Impak Kitaran Hayat

Abstract: The palm oil industry has played an important role in the economic development of Malaysia and has enhanced the economic welfare of its people. To determine the environmental impact of the oil palm seedling at the nursery stage, information on inputs and outputs need to be assessed. The oil palm nursery is the first link in the palm oil supply chain. A gate-to-gate study was carried out whereby the system boundary was set to only include the process of the oil palm seedling. The starting point was a germinated seed in a small polyethylene bag (6 in × 9 in) in which it remained until the seedling was approximately 3 to 4 months old. The seedling was then transferred into a larger polyethylene bag (12 in × 15 in), where it remained until it was 10–12 months old, when it was planted in the field (plantation). The functional unit for this life cycle inventory (LCI) is based on the production of one seedling. Generally, within the system boundary, the production of an oil palm seedling has only two major environmental impact points, the polybags used to grow the seedling and the fungicide (dithiocarbamate) used to control pathogenic fungi, as both the polybags and the dithiocarbamate are derived from fossil fuel.

Keywords: Nursery, Seedling, Life Cycle Inventory, Environmental Input, Life Cycle Impact Assessment


INTRODUCTION

Life cycle inventory (LCI) data are the most important when conducting a life cycle assessment (LCA) to determine the environmental impact of a product at all stages, “from the cradle to the grave”. LCA is a process used to evaluate the environmental impact associated with a product, process or activity by identifying and quantifying the energy and materials used and the waste products released into the environment. LCA takes into consideration the impact of the energy and materials used and released to the environment, and it identifies and evaluates opportunities for environmental improvement. The assessment includes the entire life cycle of the product, process or activity, and it encompasses the extraction and processing of the raw material, manufacturing, transportation and distribution, use, reuse, maintenance, recycling and, finally, disposal (Birkved & Hauschild 2006; Yusoff & Hansen 2007; Avraamides & Fatta 2008).

The oil palm industry has played an important role in the economic development of Malaysia by enhancing the welfare of the people. To determine the environmental impact of the palm oil supply chain, information on inputs and outputs within the chain must be quantified. The oil palm nursery is the first link in the palm oil supply chain. In 2006, 2007 and 2008, the average production of germinated oil palm seedlings in Malaysia was 66.7, 65.2 and 88.2 million, respectively. The productivity of an oil palm plantation depends on many factors. The most important starting point is the quality of the oil palm seedlings derived from the cross-pollination of selected parent palms. The production of high quality oil palm seedlings is dependent on good nursery management and practices.

A nursery stage is required because the palm seedlings require close supervision during the first 10 to 12 months of their life, and this activity is easier when a smaller area is involved, as it facilitates pest control and the culling of unhealthy/diseased palms. In some organisations, there are two nursery stages: in the first three months, the seedlings grow in a small polybag; in the remaining nine months, they are transplanted into a larger polybag. This transplanting is done so that healthy seedlings with optimum vigour at the time of field planting will be established faster, thus minimising the immature period in the field, resulting in earlier and higher yields.

The Malaysian oil palm industry is the core business in the Malaysian economy. In 2010, the total exports of oil palm products, consisting of palm oil, palm kernel oil, palm kernel cake, oleochemicals, biodiesel and finished products, increased by 2.8% (or 0.63 million tonnes), from 22.43 million tonnes in 2009 to 23.06 million tonnes in 2010. The total export earnings also increased by 20.4% (or RM10.13 billion) to RM59.77 billion, compared with the RM49.66 billion obtained in 2009, as a result of higher prices (Choo 2011). To produce this large volume of quality products, the use of chemicals, such as fertilisers (for nutrient requirements) and pesticides (for crop protection), as well as the availability of an efficient transportation system are vital. To ensure the sustainability and competitiveness of the Malaysian palm oil industry, emphasis on environmental management is important. The Malaysian Palm Oil Board (MPOB) has completed the LCA for the production of crude palm oil, and other LCA projects are in progress or nearing completion (Vijaya et al. 2008, 2009). One of the gaps that need to be filled to obtain a complete LCA of palm oil production from the estate to the refinery is the LCA for the production and establishment of the seedling from the seed.

The objective of this study was to identify the potential environmental impact associated with the production of an oil palm seedling and to evaluate and implement strategies to improve the environmental status during seed processing, germination and nursery management.

MATERIALS AND METHODS

An oil palm nursery licensed by the MPOB was selected for the study. This oil palm nursery is located in Negeri Sembilan (West-central Peninsular Malaysia), and it uses a two-stage polybag nursery. Questionnaires were administered to the personnel of the relevant nursery, and selection criteria were based on the average of 25 years as the time taken for one complete cycle of the oil palm tree (Corley & Tinker 2003). Inventory data were collected from the oil palm nursery over a period of 4 years, from 2004 to 2007. The inventory data for the nursery stage were collected, and calculations were made to quantify the input from the environment and the output to the environment by one oil palm seedling. The LCA study was carried out using established guidelines under the ISO 14040/14044. The SimaPro (PRé Consultants, Netherlands) software was used for the study, and the life cycle impact assessment (LCIA) was carried out using the Ecoindicator 99 methodology (Goedkoop & Spriensma 1999).

System Boundary and Functional Unit

The LCA study is a gate-to-gate system boundary beginning with the germinated seed up to the planting and management of the nursery and, finally, the transport of the seedling to the specified field in the plantation. The system boundary is for the production of pre-plantation inputs that comprise the oil palm seedling and all the input/output processes in the nursery. The system boundary determines which unit processes are included or excluded in the LCA. The functional unit for this system boundary is one oil palm seedling. A flow chart of the process to produce seedlings is shown in Figure 1. The inputs of the nursery are materials and energy, while the outputs are emissions into the atmosphere, water and soil that leave the system boundary.

Limitations/Constraints

The SimaPro software used was obtained from Europe; therefore, it was designed based on European data. However, the software is generic, and Malaysian data were entered (as additional inputs) into the database wherever possible for the purpose of the study. However, the background data were adopted from the database itself (e.g., diesel, chemicals) due to lack of relevant Malaysian data. This was one of the main constraints in determining the LCIA, as Malaysia lacks much-needed background data. Therefore, the LCIA for an oil palm seedling in the nursery was carried out with the above constraints taken into account.



[image: art]

Figure 1: A flow chart diagram for the system boundary for the production of a seedling.



RESULTS AND DISCUSSION

The study began with the transportation of the germinated seed to the nursery and ended with the transportation of the seedling to the field (plantation). In the study, all processes were considered relevant unless they were excluded based on the exclusion criteria. Several inflows and outflows were found to be difficult, if not impossible, to quantify. The criteria that had to be excluded are shown in Table 1. In addition, a mass-based threshold limit of less than or equal to 3% was not considered for input contribution. In the production of the seedling, the processing category included agricultural inputs (e.g., polybags, fertilisers, insecticides, herbicides and fungicides), transportation of the germinated seed to the nursery and diesel used for running the water pump. Meanwhile, capital goods such as polyvinyl chloride for pipes and water pumps were excluded. In addition, the transportation of the topsoil to the nursery and the seedling to the plantation, agricultural inputs (e.g., polybags) and the application of fertilisers, insecticides, herbicides and fungicides, were also excluded from the study. In this particular nursery, diesel instead of electricity was used to run the water pump. The pesticides used at the nursery were grouped under their common chemical class according to the availability of the data in the Simapro software, and those not listed were considered as unspecified pesticides.

The LCI for the production of one seedling as calculated at an oil palm nursery is shown in Table 2. The nursery received the germinated seed from a seed producer licensed by MPOB. The environmental inputs to obtain one oil palm seedling were energy (e.g., fossil fuel), material (polybags), plant nutrition products (fertilisers) and plant protection chemicals (herbicides, fungicides and insecticides).

The energy needed to produce one seedling from diesel for watering the seedling was 0.000001. The weight of the polybags used to produce one seedling was 0.0004 kg. The amounts of pesticides, namely, carbamate, pyrethroid, organophosphate and dithiocarbamate, were 4.40E-05, 0.20E-6, 0.20E-05 and 0.80E-6 kg, respectively. Glufosinate ammonium was classified as an unspecified pesticide, and the amount needed to produce one seedling in this case study was 0.20E-05 kg. The amount of fertilisers used, namely, K2O and P2O5, was 0.00004 and 0.00002 kg, respectively. The transportation only included that of the germinated seed to the nursery, and the amount of diesel needed for one seedling was 2.02E-04. The highest input to the LCI came from water used for seedling irrigation, followed by the use of the two polybags. Because the water came from the river, the impact on the environment was minimal. However, the input needed to produce 1 seedling at the nursery was quite low. On-site verification of the LCI data of the gate-to-gate study for the production of one oil palm seedling was also carried out.

Table 1: System boundary definition criteria.
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Table 2: Input data of one nursery.



	Input
	Amount



	Diesel (l)
	0.000001



	Polybay (kg)
	0.0004



	Water
	0.013



	Fertiliser (kg)
	



	N

	0.00004



	P2O5

	0.00002



	K2O

	0.00004



	Pesticides (kg)
	



	Carbamate

	4.40E-05



	Pyrethroid

	0.20E-06



	Organophosphate

	0.20E-05



	Dithiocarbamate

	0.80E-06



	Unspecified pesticides

	0.20E-02



	Transportation (l) of germinated seed to nursery
	2.02E-04



A paper presented by Choo et al. (2009) on an LCIA studied the cradle to gate system boundary. The starting point of their study was from the germination of the seed until the seedling was ready to be sent to the plantation, where the oil palm was grown, and fresh fruit bunches (FFB) were harvested and transported to the mill until the production of the crude palm oil (CPO) at the palm oil mills. At the plantation phase, a land use change scenario of 20 years from the logged forest was used for the production of the FFB. For the present study, the LCI for nurseries was included; however, the LCIA study for the nursery from the germinated seed to the seedling in the polybag was not carried out. A poster paper was presented by Halimah et al. (2010) that outlines the environmental impacts identified using LCA associated with the production of one seedling and the proposed mitigation measures.

A case study of the LCI and real-time measurements on greenhouse gas (GHG) emissions, which included carbon monoxide (CO), nitrous oxide (N2O), nitrogen oxides (NOx) and sulphur dioxide (SO2), was carried out using the MRU infrared gas analyser (Germany). Emissions from the 33 horsepower (HP) diesel water pump and 15 HP petrol water pump were measured for 30 minutes with a 2-minute interval (Rawaida et al. 2009).

An environmental impact assessment for the production of refined palm oil, beginning with the oil palm seedlings, carried out using the life cycle approach, was reported by Tan et al. (2009). The assessment was also applied to the fractionation process for obtaining palm olein and palm stearin from refined palm oil. The system investigated the production of oil palm seedlings in nurseries, agricultural practices in oil palm plantations, the extraction of palm oil from palm fruits and the refining and fractionation stage in refineries. The consumption of raw materials, including energy and emissions, was evaluated using site-specific inventory data to identify the processes along the palm oil supply chain, which gave rise to a significant environmental burden. The material input and output from the system was quantified on the basis of a functional unit of 1 tonne of refined palm oil, refined palm olein or palm stearin. The production and use of fertilisers in the cultivation of the palms, the generation of palm oil effluents from mills and the consumption of fossil fuels for the production of polybags (for holding the seedlings) and for the transportation of crude palm oil to the refineries were found to be “hotspots” that require further attention.

Puah et al. (2009) reported an LCA for the production of palm biodiesel, and the system boundary started from the nursery and moved to the oil palm plantation, palm oil mill, palm oil refinery, biodiesel factory and, finally, to combustion in a vehicle. Palm biodiesel has been shown to contribute to greater GHG emission saving compared with biodiesels produced from other vegetable oils. The study provided a quantifiable measure that showed that palm biodiesel is environmentally friendly, and it enhances the image of palm oil as an environmentally friendly product.

Figure 2 shows the characterisation of the LCIA for the production of one oil palm seedling. There are 11 impact categories for the characterisation of the LCIA: carcinogens, respiratory organic/inorganic, climate change, radiation, ozone layer, ecotoxicity, acidification/eutrophication, land use, minerals and fossil fuels. The polyethylene bags contributed to the major impact in the respiratory (inorganic) category followed by the fossil fuel and land use categories. The second and third contributors to fossil fuels were dithiocarbamates and fertilisers. The impact on the ozone layer, radiation, ecotoxicity, mineral and carcinogens were mainly due to the use of pesticides. Meanwhile, the impacts on the respiratory (inorganic/organic), acidification, land use and fossil fuel categories were caused by the use of the two polybags to raise the seedling. Climate change might be affected by fertilisers, polybags and the pesticide thiocarbamate.


[image: art]

Figure 2: Characterisation of LCIA for the production of an oil palm seedling.



Figure 3 shows the normalisation for the production of one oil palm seedling, and this impact was grouped under the ‘three damage’ categories, namely, human health, ecosystem quality and resources. It was found that there were two potential impact areas in the production of a seedling. Resource depletion had the highest impact, followed by human health and ecosystem quality. The polybags used for growing the seedling caused the major impact to resource depletion and human health followed by the use of thiocarbamate (pesticide) and fertilisers.


[image: art]

Figure 3: Normalisation of LCIA in the production of one oil palm seedling.



CONCLUSION

In general, the production of an oil palm seedling in the nursery in Negeri Sembilan had an insignificant impact on the environment. The major factor that contributed to the environmental load was fossil fuel, which came from the two polybags used to raise the seedling. The impact of the polybags can be mitigated through the use of environmentally friendly biodegradable pots or bags. The other key cause of fossil fuel depletion was the use of the pesticide dithiocarbamate to protect the seedling. As an alternative, biodegradable natural pesticides should be used to replace the chemical pesticides.
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Abstrak: Pengaruh pelbagai diet hidup terhadap parameter biologi dan demografik pemangsa hama, Agistemus olivi Romeih, telah dikaji di makmal. A. olivi telah berjaya membiak dalam setiap hama eriophyid yang telah dikaji. A. olive yang makan Aceria mangiferae Sayed mengalami peningkatan pertumbuhan, yang menyebabkan masa generasi min yang terpendek dan merupakan makanan yang paling sesuai untuk oviposisi pemangsa, seperti yang telah ditunjukkan oleh nilai fecunditi dan kadar pembiakan. Memakan Aculops lycopersici (Massee) telah memberikan nilai fecunditi dan kadar pembiakan yang terendah; maka mangsa ini merupakan yang paling tidak sesuai untuk oviposisi of A. olivi. Memakan Aculus fockeui (Nalepa et Trouessart) dan A. mangiferae telah menghasilkan kadar peningkatan instrisik dan finite yang lebih tinggi untuk pemangsa berbanding dengan A. lycopersici, yang telah menunjukkan nilai yang terendah. Perbezaan ini perlu diambil kira untuk produksi kultur sihat A. olivi.

Kata kunci: Agistemus olivi, Hama Eriophyid, Biologi, Parameter Demografik

Abstract: The influence of various life diets on the biology and demographic parameters of the predatory mite, Agistemus olivi Romeih, was studied under laboratory conditions. A. olivi successfully developed and reproduced on all of the tested eriophyid mites. Feeding on Aceria mangiferae Sayed enhanced the development of A. olivi, resulted in the shortest mean generation time and was the most commensurate food for the ovipostion of the predator, as exhibited by the highest fecundity and net reproductive rate. Preying on Aculops lycopersici (Massee) gave the lowest fecundity and net reproductive rate; therefore, this prey was the least suitable for the oviposition of A. olivi. Preying on Aculus fockeui (Nalepa et Trouessart) and A. mangiferae produced higher intrinsic rates of increase and finite rates of increase for the predator in comparison to A. lycopersici, which showed the lowest value. These differences in response to various eriophyid pests should be considered for the production of healthy cultures of A. olivi.

Keywords: Agistemus olivi, Eriophyid Mites, Biology, Demographic Parameters

INTRODUCTION

The mites of the Eriophyidae family are among the most specialised plant feeders. Although the plant symptoms of their feeding range from simple russeting to complex gall formation, the host-mite relationships often appear to be rather specific and probably reflect a high degree of specialisation (Jeppson et al. 1975).


The tomato rust mite, Aculops lycopersici (Massee), is a serious pest throughout the Mediterranean region, whereas the mango bud mite, Aceria mangifera Sayed, is reported to attack the buds and inflorescence of mango, Mangifera indica L (Anacardiaceae) (Ochoa et al. 1994). Another eriophyid mite, Aculus fockeui (Nalepa et Trouessort), injures peach leaves and reduces the sugar content of the fruit, and the damaged trees have a lower vigour due to post-harvest defoliation, which results in lower fruit quality in the following year (Kondo & Hiramatsu 1999).

Predacious mites in the Stigmaeidae family are important natural enemies of several phytophagous mite pests on various crops (Gomaa 1968; Santos 1976). Agistemus and Zetzellia (Acari: Stigmaeidae), which are both common genera of the Stigmaeidae family, are polyphagous predators that have potential in the control of various tetranychid and eriophyid pests (e.g., El-Badry et al. 1969; Goldarazena et al. 2004; Khodayari et al. 2008). Agistemus exsertus Gonzalez, one of the most common stigmaeid mites in Egypt, is known as an egg predator of various tetranychoid mites (El-Badry et al. 1969; Oomen 1982; El-Bagoury et al. 1989). Research by Momen (2001), Romeih et al. (2004), El-Sawi and Momen (2006) and Momen and El-Sawi (2006) indicated that various insect eggs of the Pyralidae, Diaspididae, Noctuidae and Gelechiidae families were commensurate prey for the development and oviposition of A. exsertus.

Due to their size, slow movement and, therefore, ease of capture, eriophyid mites provide a better source of food for the development of stigmaeid mites than do tetranychid mites (Thistlewood et al. 1996). Agistemus exsertus has been reported as an excellent predator of the ploughman’s spikenard gall mite, Aceria dioscoridis (Soliman & Abou-Awad) (El-Bagoury & Reda 1985), A. lycopersici (Osman & Zaki 1986), Eriophyes olivi Zaher and Abou-Awad (El-Laithy 1998), Colomerus vitis (Pagenstecher) (Osman et al. 1991), Eriophes ficus (Cotte) and Rhyncaphytoptus ficifoliae Keifer, all of which are eriophyids (Abou-Awad et al. 1998a).

Agistemus olivi Romeih was first recorded in Egypt; however, with the exception of the report by Abou-Awad et al. (2010), no studies have been published on the relationship between the diets and biological aspects of the predator. A. olivi was found to be an excellent predator of the eriophyids, Aceria oleae Nalepa and Tegolophus hassani Keifer, but it failed to develop on the eggs and active stages of tetranychid mites or pollen grains (Abou-Awad et al. 2010). More attempts should be made to overcome these difficulties, and further studies on the feeding habits of A. olivi might provide a better understanding of some of the factors affecting its abundance in the field.

The objective of this study was to evaluate the relative nutritional value of A. mangiferae, A. fockeui and A. lycopersici (Eriophyidae) as natural or alternative food sources for the stigmaeid mite, A. olivi. In particular, the reproductive potential and demographic parameters of A. olivi were evaluated and compared under laboratory conditions using the active stages of eriophyid mites as the prey.


MATERIALS AND METHODS

Host and Stigmaeid Predatory Mite Culture

The predatory mite, A. olivi, was collected from the leaves of peach, mango and, rarely, tomato plants and reared on the leaves of mulberry, Morus albe L. These mites were fed the active stages of A. fockeui in the laboratory at 30±1°C, 75±5% relative humidity (RH) and 12:12 h (light:dark). Adult A. olivi females were transferred to mulberry leaf discs, provided with active stages of A. fockeui and allowed to oviposit for 24 h. The newly deposited eggs were used for the different test diets.

Test Diets

To study the effect of various prey on the biology of A. olivi, the eriophyid pest mites of the Eriophyidae family, A. mangiferae and A. fockeui, from infected peach (Prunus persica [Stokes] [Rosaceae]) leaves and A. lycopersici from tomato (Lycopersicon esculentum Mill. [Solanaceae]) leaves were selected. These host prey mites have always been associated with various predacious mites of the Stigmaeidae and Phytoseiidae families and constitute hosts for the biocontrol of mite pests.

Effect of diets on the development, reproduction and demographic parameters

Leaf discs (2 cm in diameter) of M. albe were placed upside-down on wet cotton pads in Petri dishes. Eggs of A. olivi were transferred singly to each leaf disc, and the newly hatched larvae were supplied with a small leaf disc (0.25 cm in diameter) that were heavily infested with eriophyid mites or one outer bract infested with mango bud mite as food. The developmental periods of the different stages of the predator were recorded every 12 h. Newly emerged females were allowed to copulate with males within 24 h, and they were confined individually on leaf discs. The oviposition was observed daily, and the longevity and sex ratio of the progeny were calculated. The leaf substrate was replaced with a fresh one every 5 days.

Twenty eggs of A. olivi were used for testing each prey species. All of the experiments were conducted under laboratory conditions of 30±1°C, 75±5% RH and 12:12 h (light:dark).

A total of 15 individuals (replicates) of A. olivi per A. fockeui and A. lycopersici and 17 individuals per A. mangiferae were analysed using 1-way ANOVA; the treatment means were compared by Tukey HSD at a 5% probability level. The demographic parameters were calculated using the Life 48 Computer Program (Abou-Setta et al. 1986), and their definitions were those proposed by Birch (1948).


RESULTS

Effect of Diets on Biological Aspects

The predatory mite, A. olivi successfully developed and reproduced on all of the tested eriophyid mites (Table 1). The mean developmental period from egg to adult (life cycle) was significantly affected by the eriophyid species tested.

The longest mean oviposition period (24.33 days) was recorded when A. fockeui was used, whereas A. mangiferae and A. lycopersici resulted in the shortest mean oviposition durations (20.70 and 20.26 days). A similar trend was observed for female longevity (duration of the adult stage), whereas the mites feeding on A. mangiferae showed the shortest life span (life cycle + adult longevity). The mean total number of eggs/female of A. live was the highest on A. mangiferae and A. fockeui (Table 2). In contrast, the lowest number of deposited eggs was recorded on A. lycopersici. A similar trend was observed for the mean daily number of eggs/female.


Table 1: Mean developmental period (days) of A. olivi females fed active stages of various eriophyid mite species.
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Table 2: Demographic parameters of A. olivi females fed active stages of various eriophyid mite species.
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Effect of Diets on Demographic Parameters

The shortest mean generation time (T, 17.18 days) of A. olivi was found using A. mangiferae compared to the longest mean per period (20.0 days) on A. lycopersici (Table 2). The highest value of the net reproductive rate (Ro) was 92.77 expectant females/female of A. olive on A. mangiferae, whereas the lowest value was 35.36 expectant females/female on A. lycopersici. A similar trend was observed with the intrinsic rate of natural increase (rm) and, subsequently, the finite rates of increase (λ) were the highest (0.26 and 1.30, respectively) when individuals preyed on the mango bud mite, A. mangifera.

DISCUSSION

It is well-known that members of the Stigmaeidae family show considerable variation in their feeding habits and have diets that include pollen grains, scale insects, moth eggs and phytophagous mites (Abo-ElGhar et al. 1969; El-Badry et al. 1969; El-Bagoury et al. 1989; El-Sawi & Momen 2006; Momen & El-Sawi 2006; Abou-Awad et al. 2010). These species’ dependence on animal food in the form of phytophagous mites varies considerably by species, mostly because of their innate characteristics but possibly also because of the relative availability of different food sources in the environment.

Therefore, food traits are excellent predictors of the direct mutualism between the diets and natural enemies of plant consumers (McMurtry & Croft 1997).

Aceria mangiferae accelerated the development of the immature stages of the predatory mite, A. olivi, and showed the shortest mean generation time (T) and a higher fecundity. Conversely, the longest means of the developmental duration and generation time for the predator were recorded on A. lycopersici. This observation may be explained by differences in the levels of specific nutrients provided by the three eriophyid species. When A. olivi fed on such eriophyid prey as the active stages of A. oleae and T. hassani, the developmental period and total eggs deposited by the females were notably comparable to the present results using A. mangiferae and A. fockeui (Abou-Awad et al. 2010). Similarly, phytoseiid species showed different development, reproduction and efficiency according to the various prey eriophyid mites: certain phytoseiid species are specialists in their feeding on eriophyid mites, whereas tetranychid mites were supplementary food (Abou-Awad et al. 1998b; Momen & Hussein 1999; Momen et al. 2004). Other phytoseiids are known to feed on eriophyid mites but do not reproduce or develop (McMurtry & Scriven 1964; Swirski et al. 1967). The feeding habits of A. olivi are similar to those of two phytoseiid mite species: various eriophyid mites promote a faster development of Proprioseiopsis lindquisti (Schuster and Pritchard) (Momen 1999) and Typhlodromus transvaalensis (Momen & Hussein 1999), whereas tetranychid mites retard the development of these predators.

Obligatory predators, such as A. olivi, are distinguished by whether they survive by preying upon one or more species of mites belonging to the same family. For instance, the most important species of this group, Phytoseiulus persimilis (Athias-Henriot) (Phytoseiidae), preys mainly upon Tetranychus urticae Koch and occasionally preys upon Panonychus citri (McGregor). Akimov and Starovir (1978) compared the digestive system of P. persimilis to that of two species of facultative generic predators, and they found that P. persimilis has only two posterior diverticula, whereas there are four in the other species. Such a reduction in structures is considered an adaptation to the specialised predation used to increase the amount of ingested food, thereby exploiting the volumetric capacity of the intestine to its utmost.

The present study indicated that A. lycopersici was the least suitable food source for the oviposition of the predator; feeding on this prey resulted in the lowest mean total fecundity and net reproductive rate (Ro). Tomato plants are known to be unfavourable for predatory mites, owing to their hairiness and trichome exudates. Possible reasons for the relative low fecundity observed include the inherent characteristics of or the inadequacy of rust mites as a food source for oviposition. According to the terminology of Overmeer (1985), the term ‘alternative food’ was suggested for A. lycopersici, whereas the recommended primary food was A. mangiferae and A. fockeui. Alternative food can be of importance because it may help the predator to maintain itself in a locality when the primary food is low. Additionally, alternative food may be valuable for rearing predators in the laboratory.

The intrinsic rate of increase (rm) of a predacious mite is one of the most important criteria for evaluating its effectiveness as a biological control agent against phytophagous mites. The mango bud mite exhibited the highest rm value for A. olivi, whereas the tomato rust mite showed the lowest value. It seems that individuals of A. mangiferae are more suitable as eriophyiform eriophyid prey than fusiform eriophyids (A. lycopersici and A. fockeui), as has been reported also by Abou-Awad et al. (2000, 2010) for phytoseiid and stigmaeid mites.

A. olivi would need to consume many individuals of the minute A. mangiferae to favour a high conversion of food into egg biomass to result in higher intrinsic rate of increase. A. mangiferae is a vermiform species with a flexible, elongated, non-arcuated aspect that often features many narrow annuli (Lindquist 1996). The prodorsal shield is not well developed, and the gnathosoma appears prognathous; these body adaptations facilitate the consumption of many A. mangiferae individuals. Fusiform species (A. fockui and A. lycopersici) have a more developed prodorsal shield, the gnathosoma is ipognathous, and they have a more-arcuated body and show a series of thicker and less flexible annuli on the dorsal region. Such dorsal annuli protect mites against the loss of water and severe predation by predators (Ragusa & Tsolakis 2000).

In general, the active stages of the eriophyid mites favoured the full expression of the reproductive potential of the specialist predator, A. olivi. It has been reported that some of the eriophyid mites are characterised by a desirable protein content. A polypeptide analysis revealed that the eriophyid mite, A. dioscorides, has a most important protein content, both in number (11 polypeptides) or in total molecular weight (682 kD), which enhanced the fertility of an ascid mite when reared on A. dioscorides compared to tetranychid mite prey (Abou-Awad et al. 2001). Conversely, Sabelis (1996) reported that eriophyids had a low nutritional quality and a low profitability when compared with other prey. In addition, the toxins in eriophyids may be repellent to some phytoseiid predators.

CONCLUSION

The results from the present study indicated that the predacious stigmaeid mite, A. olivi, responds differently to the various eriophyid mites tested. This different response should be considered as enhancing the role of the predator in biological control programmes. However, the success of A. olivi as a biological control agent will depend both on its life history parameters on various eriophyid pests and on how the different characteristics of the host leaf-inhabiting eriophyid prey affects its ability to locate and capture the prey or its functional response, which is a factor that requires further study.
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Abstrak: Kajian dijalankan dalam kawasan seluas 0.4 ha di Hutan Simpan Teluk Bahang, Pulau Pinang ke atas pokok berukuran ketinggian paras dada (DBH) ≥ 5 cm. Tujuh puluh lima individu Anacardiaceae (14% daripada jumlah semua pokok) direkodkan, diwakili oleh 4 genus dan 5 spesies iaitu Mangifera pentandra, Mangifera macrocarpa, Gluta elegans, Campnosperma auriculatum dan Swintonia floribunda. Purata kepadatan Anacardiaceae di dalam plot adalah 7.50±8.14 (min±S.D.) per ha dengan keluasan pangkal 0.97 m2/0.40 ha dan nilai kepentingan (IVi) 81%. Nilai anggaran biojisim atas tanah Anacardiaceae adalah 24.24 tan/0.40 ha. Di samping itu, sejumlah 333 juvenil pokok Anacardiaceae dengan ukuran DBH < 5 cm telah direkodkan dan dikenal pasti daripada genera Gluta (9.99%), Swintonia (84.90%) dan Mangifera (5.11%).

Kata kunci: Mangifera, Gluta, Campnosperma, Swintonia, Purata Kepadatan, Keluasan Pangkal, Nilai Kepentingan, Nilai Jumlah Biojisim Atas Tanah

Abstract: To investigate the distribution of Anacardiaceae in Teluk Bahang Permanent Forest Reserve (TBPFR) in Pulau Pinang, all trees with a diameter at breast high (DBH) ≥ 5 cm were enumerated in a study site constituting 0.4 ha of the reserve. Seventy five individuals of Anacardiaceae (14% of all trees) are recorded. These individuals represent 4 genera and 5 species, namely, Mangifera pentandra, Mangifera macrocarpa, Gluta elegans, Campnosperma auriculatum and Swintonia floribunda. The mean density of Anacardiaceae within the study plots is 7.50±8.14 (mean±S.D.) per ha whereas the basal area (BA) calculated is 0.97 m2/0.40 ha. The importance value (IVi) for Anacardiaceae is 81%. The estimated total aboveground biomass (TAGB) for Anacardiaceae is 24.24 ton/0.40 ha. A total of 333 Anacardiaceae saplings with a DBH < 5 cm are recorded. These saplings have been identified as juveniles of the genera Gluta (9.99%), Swintonia (84.90%) and Mangifera (5.11%).

Keywords: Mangifera, Gluta, Campnosperma, Swintonia, Mean Density, Basal Area, Importance Value, Total Aboveground Biomass

INTRODUCTION

An early study of the Anacardiaceae in Malaysia was conducted by Ding Hou (1978). A revision of the classical taxonomy of the group has recently appeared (Kiew et al. 2010). In addition, research on Anacardiaceae has been conducted at the molecular level (e.g., Mitchel et al. 2006). Studies of the medicinal properties of species within the Anacardiaceae have also been conducted worldwide (e.g., Himejima & Kubo 1991; Elof 2001). According to Hartley (1998), 76 genera and more than 600 species of Anacardiaceae occur worldwide. These species are found primarily in tropical countries. A few species occur in temperate areas. Seventeen of these genera, with a total of 77 species, occur in Peninsular Malaysia. Fifteen of these Anacardiaceae species are endemic to this area (Anon. 1996). According to Turner (1989), Anacardiaceae is the second most frequently recorded family in Pulau Pinang National Park. Asyraf (2003) commented that Gluta is widely distributed in this locality.

According to Kochummen (1989), the greatest biodiversity shown by the family Anacardiaceae in any major tropical area occurs in Malaysia. The greatest number of endemic taxa in this family are found in Peninsular Malaysia and Borneo. The family includes 16 genera and 74 species indigenous to Peninsular Malaysia alone. These representatives of the family range from lowlands to mountain forests. Certain species, such as Gluta curtisii and Swintonia schwenkii, appear to grow gregariously in the hill and upper dipterocarp forests (Kochummen 1989). Moreover, in the lowland forest of the Sungai Menyala Forest Reserve located in Negeri Sembilan, Anacardiaceae is one of the most common families of trees with a diameter at breast height (DBH) of 10 cm or higher and is represented by 7 genera, 8 species and 38 individuals (in one hectare of study area) (Kochummen 1989).

The main objectives of this study are to determine the genera and species of Anacardiaceae in Teluk Bahang Permanent Forest Reserve (TBPFR) and to estimate the density and distribution pattern of Anacardiaceae. This study is necessary because few studies of Anacardiaceae have previously been conducted. In particular, there is a need for studies of the distribution and ecological characteristics of the family. Therefore, it is also recommended that further research should be conducted to study the function of Anacardiaceae in a forest ecosystem. The data compiled in this study should contribute to a more detailed understanding of the density and distribution of Anacardiaceae in Pulau Pinang and in Malaysia as a whole.

MATERIALS AND METHODS

Study Site

TBPFR is located north of Pulau Pinang (5°27’02.15”N, 100°13’07.75”E) and is bordered by coastline and human settlements. The reserve covers an area of 873 hectares. Within the area, 32 hectares was gazetted as recreational forest (Zakaria & Yusoff 2002). The location of the plots used in the current study and the vegetation types characteristic of the plots are shown in Table 1. Zakaria and Yusoff (2002) also stated that most of the forest was selectively logged in the early 1930s. Some parts of the forest are reserved and have never been logged.

Species Assessment

A total of 10 plots were established (20 m × 20 m each). Subsequently, these plots were further divided into 4 subplots, each 10 m × 10 m, for dispersion analysis. The DBH of all trees in the plots is measured with a measuring tape.


Table 1: Details of the 10 study plots and dispersion pattern of Anacardiaceae in TBPFR, Pulau Pinang.
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Trees with a DBH < 5 cm are considered to be juvenile or small trees whereas trees with a DBH ≥ 5 cm were considered to be adults. Most trees with a DBH ≥ 5 cm belonging to the Anacardiaceae are observed to produce fruits. King et al. (2006) state that most individuals with a DBH less than approximately 5 cm were considered to be juveniles. These individuals likely allocate substantial biomass to stem growth rather than to reproduction. This pattern is found in most woody species. The locations of all trees belonging to the Anacardiaceae in each sub-plot are plotted on graph paper to determine their distribution pattern. The species identification of Anacardiaceae was based on Kochummen (1996, 1997). The calculations of the density and basal area (BA) are based on Husch et al. (1995). The calculation of the importance value (IVi) is based on Zakaria (2008) and Nizam et al. (2006). The calculation of the total aboveground biomass (TAGB) is based on Okuda et al. (2004). The distribution pattern of Anacardiaceae in the study plot is determined by calculating the Index of Dispersion [ID (the variance-to-mean ratio)] with the formula ID = S2/x, where S2 is the variance and x is the mean. The Index of Clumping (IC) is given by IC = ID – 1. The Green Index (GI) is calculated with the expression IC/ (n – 1), where n is the total number of individuals or samples (Ludwig & Reynolds 1988). The calculated value of the GI for each study plot is considered the dispersion pattern of Anacardiaceae within the respective plot. The values of the GI range from 0 (random) to 1 (maximum clumping). The main seedling distribution is determined by calculating the total percentage of each species present within the study plot. Voucher specimens collected are deposited in the herbarium of the School of Biological Sciences, Universiti Sains Malaysia, Pulau Pinang.

RESULTS AND DISCUSSION

A total of 542 trees with a DBH of more than 5 cm were recorded from 10 study plots (0.40 ha). By extrapolation, this figure corresponds to 1355 individuals per ha (extrapolation) in TBPFR. In addition to Anacardiaceae, the principal families recorded are Dipterocarpaceae, Euphorbiaceae, Myrtaceae, Rubiaceae and Moraceae. This result is consistent with the findings of Zakaria (2008). In the present study, 14% of all the trees recorded belong to Anacardiaceae. Mangifera pentandra, M. macrocarpa, Gluta elegans, Campnosperma auriculatum and Swintonia floribunda are the species of Anacardiaceae recorded from the study plots.

S. floribunda is the most dominant species of Anacardiaceae in the study plots. In contrast, the study by Zakaria (2008) in the same forest finds that the dominant species of Anacardiaceae is Gluta curtisii. The reason for this difference may be that study plots were established in different portions of the forest. Zakaria (2008) established study plots at lower elevations (80–100 m) whereas the plots used in this study were established at elevations of 150–200 m. In the reserve, other species of Anacardiaceae were also observed outside the study plots, along the forest trails. These species included Gluta walichii, Gluta aptera, Gluta curtisii, Gluta renghas, Buchanania sessifolia and Mangifera griffithii. This result is consistent with the finding of Zakaria (2008) that high numbers of species and individuals of Anacardiaceae occur in TBPFR but that their distribution is uneven.

Trees with small DBH are more abundant than trees with large DBH (Fig. 1). The reverse-J curve shown by the graph of these data suggests that the data distribution is not normal. According to Nizam et al. (2006), this pattern is common in primary rain forests with many saplings and fewer large trees. However, TBPFR is an old disturbed forest. Accordingly, Zakaria (2008) suggested that this forest is at a late stage of recovery. The forest structure is similar to a climax forest with a continuous canopy, tall trees and low light penetration. For this reason, the number of juveniles is much greater than the number of adult trees (Table 2 and Fig. 2).

The number of Anacardiaceae in the study plots is low in relation to the numbers of other species (Fig. 1). The mean distribution of Anacardiaceae in the 0.4 ha study plot is only 7.50±8.14 (mean±S.D.). The density of mature Anacardiaceae in TBPFR is only 190 trees per ha (extrapolated data). According to Fangliang et al. (1997), population densities in tropical rain forests are usually low, and the nearest-neighbour distances among conspecific trees are relatively large. This pattern is hypothesised to decrease the probability of intraspecific interactions.


The basal area (BA) value found by this study shows that Anacardiaceae covers only a small portion of the 0.4 ha study plot. The BA is influenced by the DBH of the tree. A higher DBH produces a higher BA (Husch et al. 1995). Anacardiaceae only covers 0.97 m2/0.40 ha (8.41%) of the total BA of the study plot or a total of 2.43 m2 per ha in TBPFR. The mean BA per plot for the 4 principal genera is shown in Figure 3.

The value of the BA is related to the value of the TAGB (Okuda et al. 2004). In this study, G. elegans was found to have the highest TAGB (Table 2). This value is influenced by the DBH and by the height of the tree. The total IVi for Anacardiaceae relative to all trees in the study plot is 81.1. S. floribunda has the highest IVi of the Anacardiaceae species (Table 2).


Table 2: TAGB and IVi for species of Anacardiaceae (DBH > 5 cm) in TBPFR, Pulau Pinang study plots.



	Species of Anacardiaceae
	No. of trees

	Mean of BA (m2/0.40 ha)

	TAGB (tons/0.40 ha)

	IVi




	Swintonia floribunda
	50

	0.55

	9.90

	167.79




	Gluta elegans
	13

	0.37

	12.43

	77.2




	Mangifera pentandra
	10

	0.05

	1.30

	40.39




	Mangifera macrocarpa
	1

	0.01

	0.32

	7.59




	Campnosperma auriculatum
	1

	0.01

	0.29

	7.54




	Total
	75

	0.99

	24.24

	300
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Figure 1: Frequency distribution of Anacardiaceae and other species by DBH class in a 0.40 ha study area in Pulau Pinang.
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Figure 2: Percentage of Anacardiaceae juveniles for the genera Swintonia, Gluta and Mangifera in a 0.4 ha study area in TBPFR, Pulau Pinang (total number of small trees, DBH < 5 cm = 333).
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Figure 3: Mean BA of the genera Swintonia, Gluta, Mangifera and Campnosperma in a 0.40 ha study area in TBPFR, Pulau Pinang.



The calculation of the dispersion pattern based on the dispersion indices (i.e., ID, IC and GI), suggested that in general, Anacardiaceae is randomly distributed in TBPFR. Six plots show random dispersion whereas two plots show a clumping pattern (Table 1). According to Kochummen (1996), Anacardiaceae seeds or fruits generally consist of drupes or winged fruits and are therefore dispersed by wind, mammals and water. Thus, the distribution of Anacardiaceae is random (Fig. 4 and 5). The dispersal mechanisms used by the family produce a distribution pattern in which the distances between individuals are relatively large. The clumping dispersion pattern indicated by the dispersion indices in Plots 3 and 6 (Table 1) could be a result of the topographical and geophysical structure of the two plots. These plots are located at the bottom of a slope-like area. Seeds from the parent plants could be deposited in these plots by the runoff of rain water from the surface. In contrast, no Anacardiaceae were found in Plot 7 or Plot 8, which are covered primarily by rocky substrate. The rocky conditions may have prevented the successful establishment of Anacardiaceae in this area. In addition, the seedlings may not have been able to establish themselves because of post-dispersal seed herbivory (Hulme 1998; Alcántara et al. 2000) or competition with other species for nutrients, space, and other requirements for growth and survival. According to Lack and Evans (2001), these factors have an overriding influence on the distribution of a species within one geographical region and can affect major distribution patterns. Furthermore, according to Vickery (1984), the survival rate of plant roots in areas with less soil is low because the roots may fail to develop in the limited soil space.



[image: art]

Figure 4: Distribution of Anacardiaceae (DBH < 5 cm) in Plot 1, Plot 2, Plot 3 and Plot 4 in TBPFR, Pulau Pinang (plot measurement in m2).
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Figure 5: Distribution of Anacardiaceae (DBH < 5 cm) in Plot 5, Plot 6, Plot 9 and Plot 10 in TBPFR, Pulau Pinang (plot measurement is in m2).



The results for the abundance of smaller Anacardiaceae individuals show that juvenile Swintonia (84.90%) is most frequently recorded in the study area, followed by juvenile Gluta (9.99%) and Mangifera (5.11%). Campnosperma juveniles are not present (Fig. 3). A total of 333 Anacardiaceae juveniles are recorded. S. floribunda is the dominant Anacardiaceae species recorded within the study plot and shows the highest importance value. This finding may result from the presence of many adult S. floribunda trees. The presence of these adult trees influences the number of recorded saplings/juveniles. Moreover, this species produces fruits throughout the year (Ng & Phil 1989).


CONCLUSION

The results of this study suggest that the family Anacardiaceae is randomly distributed in TBPFR, Pulau Pinang. Geographical variation within the study plots could contribute to the spatial distribution pattern found for this family. The number of juveniles is high because the forest is a recovering secondary forest at a late stage of growth. The establishment of larger study plots for further study is recommended. The contribution of Anacardiaceae to the forest ecosystem should be investigated.
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Abstrak: Satu kajian lapangan telah dijalankan di dua tempat di Pulau Pinang, Malaysia semasa dua musim pembungaan mangga yang berturut-turut pada tahun 2009 untuk memastikan perubahan komposisi spesies thrips yang menyerang bunga mangga (Mangifera indica L.) di ladang yang dirawat dan tidak dirawat dengan racun serangga. Kaedah halang gerak CO2 dan pemotongan jambak bunga digunakan untuk mendapatkan spesies thrips yang berlainan dari jambak bunga mangga dan perumah rumpai masing-masing. Jambak bunga mangga dan pelbagai jenis spesies rumpai dalam dusun yang dirawat didiami oleh empat spesies thrips dari famili Thripidae; Thrips hawaiiensis (Morgan), Scirtothrips dorsalis (Hood), Frankliniella schultzei (Trybom) and Megalurothrips usitatus (Bagnall). Spesies rumpai, Mimosa pudica, Cleome rutidosperma, Echinochloa colonum, Borreria laevicaulis, Veronia cinerea and Asystasia coromandeliana menjadi perumah tambahan kepada thrips ini. Enam spesies thrips ditemui di dusun yang tidak dirawat. Antaranya ialah Thrips palmi (Karny), Haplothrips sp. (Amyot and Serville) serta empat spesies yang ditemui di dusun yang dirawat. Hurain ringkas tentang larva untuk setiap genus disediakan.

Kata kunci: Thrips, Mangifera indica, Rumpai, Malaysia

Abstract: A field study was conducted at two localities on Pulau Pinang, Malaysia, during two consecutive mango flowering seasons in 2009 to identify variations in the species composition of thrips infesting treated and untreated mango (Mangifera indica L.) orchards. The CO2 immobilisation technique and the cutting method were used to recover different thrips species from mango panicles and weed host plants, respectively. The mango panicles and various weed species within the treated orchard were found to harbour four thrips species from the family Thripidae. These species were identified as Thrips hawaiiensis (Morgan), Scirtothrips dorsalis (Hood), Frankliniella schultzei (Trybom) and Megalurothrips usitatus (Bagnall). The weed species Mimosa pudica, Cleome rutidosperma, Echinochloa colonum, Borreria laevicaulis, Veronia cinerea and Asystasia coromandeliana served as additional hosts to these thrips. Six thrips species were found in the untreated orchard. These species included Thrips palmi (Karny), Haplothrips sp. (Amyot and Serville) and the four thrips species found in the treated orchard. A brief description of the larvae for each genus is provided.

Keywords: Thrips, Mangifera indica, Weed, Malaysia

INTRODUCTION

Thrips of the order Thysanoptera are an increasing threat to the production of mango, Mangifera indica L. In Malaysia, mango is a significant commercial crop (Kostermans & Bompard 1993; Kwee & Chong 1994). Mango flower thrips feed on petals, anthers, pollen and floral nectaries, resulting in the discolouration and malformation of panicles (Higgins 1992; Pena et al. 2002). Apart from weakening the inflorescence and reducing fruit sets, thrips cause serious bronzing of the fruit surface due to the presence of air in emptied cell cavities. This effect is very pronounced in mature fruits (Lewis 1973) and renders these fruits unsuitable for fresh marketing (Dennill & Erasmus 1992; Grove et al. 2000; Nault et al. 2003). Flower thrips have a broad range of hosts, including weeds that provide refuge between mango flowering seasons (Aliakbarpour & Che Salmah 2011) and during the application of pesticides to mango flowers. The weeds act as a reservoir (Katayama 2006), encouraging the occurrence of several pests in agricultural fields (Ghosheh & Al-Shannag 2000). Hence, the determination of the thrips species composition on field populations of wild host plants is extremely important for developing a strategy to control thrips populations in the field.

The composition of thrips species infesting vegetables and ornamentals has been investigated in Malaysia (Vijayasegaran 1986; Khoo & Ooi 1989; Safruddin et al. 1989; Fauziah & Saharan 1991; Mound & Azidah 2009). However, thrips species have not been investigated in mango orchards in Malaysia, although thrips are regarded as one of the most important pests attacking mango inflorescences (Pena et al. 1998). The purposes of this study were to determine the thrips species infesting mango panicles on Pulau Pinang in differently managed mango orchards and to describe the distinguishing characteristics of the larval thrips collected.

MATERIALS AND METHODS

Description of the Orchards

Samples were taken from a treated mango orchard located at Kampung Perlis and an untreated mango orchard located at Kampung Sungai Burung, both in the district of Balik Pulau, Pulau Pinang. These areas are located near 5.417°N, 100.233°E and have an equatorial climate. The various pesticides routinely applied in the treated orchard included imidacloprid, cypermethrin, mancozeb, abamectin, chlorpyrifos, paclobutrazol and difenoconazole. These pesticides were used against several insect pests and fungal diseases throughout the year at the grower′s discretion. The untreated orchard was not treated with any pesticides, but it received the recommended fertiliser applications. The mango orchards were supplied with water by irrigation through drip tubes spread over the orchards. The predominant variety of mango grown was MA224.

The thrips species inhabiting mango panicles were sampled weekly during two consecutive mango flowering seasons from January through September 2009. The thrips inhabiting different weed plants growing around the mango trees inside the treated orchard were collected on a weekly basis between June 2008 and March 2009. The thrips were collected between 1000 and 1300 hr on each sampling date. The time of mango flowering in different regions is primarily determined by climatic conditions. In Malaysia, mango flowering is seasonal, normally occurring twice yearly from January through March (the main season) and August through September (the side season).

Sampling of Thrips Species Using CO2 Collection Technique

Samples were collected from 35 randomly selected mango trees. Two panicles were arbitrarily selected from each tree for sampling. Each panicle was gently covered with a plastic bag, and the thrips enclosed within the plastic bag were immobilised with CO2 (supplied by Malaysian Oxygen Berhad, Petaling Jaya, Selongor, in a 25 cm × 55 cm cylinder) released at a flow rate of 3.45 kPa (50 PSI) into the bag for 30 s (Aliakbarpour & Che Salmah 2010) and immediately fastened with a rubber band. The plastic bags were marked with the date and tree number and transported to the laboratory for further analysis. In the laboratory, the plastic bags were washed thoroughly with 70% ethanol. Adult and immature thrips were sorted under a stereomicroscope and mounted on microscope slides according to the methodology proposed by Mound (2007).

Sampling of Thrips on Weeds in the Treated Orchard

Several weed species grew in the treated mango orchard. To sample thrips on the weeds, the orchard was stratified into six units. Five plants were randomly collected from each weed species in each unit (a total of 30 plants). A weed plant with flowers and leaves was gently inserted into a 500 ml plastic bottle containing 70% ethanol, and its stem was quickly cut off with a pair of scissors to minimise the number of thrips flying away from the plant. The plant parts were immediately lowered into the bottle and capped. In the laboratory, the bottles were agitated vigorously to dislodge all thrips from the plants. The thrips on the weed plants were separated from the plant parts under a stereomicroscope using a collecting needle.

Identification

Prepared slides were labelled with appropriate data. The slides were examined under a compound microscope (Olympus, CX41RF, Singapore) equipped with an attached camera. The thrips species were recognised by examining their characteristic details and features. The identification of thrips adults was performed using the taxonomic key provided by Moritz et al. (2004). The characters of Thrips hawaiiensis collected in this study were compared with the descriptions in Mound and Azidah (2009). The identification of larvae to the respective genera was conducted based on guidance furnished by Dr. Laurence Mound (private communication). Identified species (adults) were sent to Dr. Surakrai Permkam at the Department of Pest Management, Faculty of Natural Resources, Prince Songkla University, Hat Yai, Thailand for final verification. A series of voucher specimens were deposited in the Insect Collection Unit, Laboratory of Entomology, Universiti Sains Malaysia, Pulau Pinang.


RESULTS AND DISCUSSION

Composition and Abundance of Thrips in Treated and Untreated Orchards

Four thrips species were found at higher abundances in the untreated mango orchard than in the treated orchard throughout the study period (Fig. 1 and 2). Six species, including the four found in the treated orchard, were encountered in the untreated orchard (Fig. 3). T. hawaiiensis was the most abundant species found in the treated orchard (44.3%), and Scirtothrips dorsalis was the most abundant species recovered from mango panicles in the untreated orchard (25.0%) (Table 1). Interestingly, no male thrips was found for any species collected other than Haplothrips sp. Of six thrips species found in the orchards during this study, five species belonged to different genera (Thrips, Scirtothrips, Frankliniella, Megalurothrips and Haplothrips). Thus, for example, the Scirtothrips larvae collected could be assumed to be Scirtothrips dorsalis. However, two thrips species belonged to the same genus (Thrips). Accordingly, the larvae of T. hawaiiensis and T. palmi were combined and analysed as a single group.
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Figure 1: Mean (±SEM) number of four thrips species per panicle collected from the treated orchard during the study. Thrips larvae were identified only to genera. Data taken during the dry and rainy seasons were pooled (weeks 1 to 11: dry season; weeks 12 to 17: rainy season).
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Figure 2: Mean (±SEM) number of six thrips species per panicle collected from the untreated orchard during the study. Thrips larvae were identified only to genera. Data taken during the dry and rainy seasons were pooled (weeks 1 to 10: dry season; weeks 11 to 16: rainy season). Because it is not possible to identify thrips larvae to the species level, the larvae of T. hawaiiensis and T. palmi were combined into a single group for analysis (larvae in T. hawaiiensis: larval T. hawaiiensis + T. palmi).



Because insecticides were routinely applied to control several pests of mango in the treated orchard, the recorded thrips species might have tolerated the insecticide pressures or could have developed some degree of resistance to the chemicals. More species were able to live in the untreated orchard or in those orchards with a minimal use of insecticides. Although these two orchards were relatively close to each other (approximately 2 km apart), the absence of T. palmi and Haplothrips sp. in the treated orchard suggested that these two species were very susceptible to insecticide treatments. More studies on untreated mango orchards would confirm the susceptibility of these two species to pesticides.
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Figure 3: (a) F. schultzei, (b) M. usitatus, (c) S. dorsalis, (d) T. hawaiiensis, (e) T. palmi, (f) Haplothrips sp. (female), (g) Haplothrips sp. (male).



All thrips species inhabited not only mango flowers but also many weed species in the treated orchard. Hence, the weeds served as additional hosts and refuges for the pests, as reported from other localities worldwide. Mango flower thrips were the most prevalent on weeds during the non-flowering period, when mango panicles were not available in the field. The thrips populations on the weed hosts decreased to low levels but increased to high levels on the mango panicles when the mango flowers bloomed during the flowering seasons (Aliakbarpour & Che Salmah 2011). Atakan and Uygur (2005) collected Frankliniella occidentalis from 49 weed species in a vegetable production area in Turkey. Pearsall and Myers (2000) found that most thrips reproduction took place on the flowers of ground-cover plants after the completion of nectarine blooming. As documented by Katayama (2006), weeds served as alternate hosts for western flower thrips, Frankliniella occidentalis, during the early spring. Our results suggest that weed species provide alternate food and oviposition sites for thrips when their most favoured host plant is not available. It is possible that the control of these weed species would eliminate sources of thrips infestation in the orchard.

Among the various weed species growing in the orchard, six species were infested with thrips (Table 2). The thrips species collected from these weeds were similar to the thrips species found on the mango flower panicles. Mimosa pudica and Cleome rutidosperma supported the largest densities of thrips throughout the year (Fig. 4 and 5). These two species and Echinochloa colonum were important alternate host plants for the most important thrips pests in this study (Fig. 6). T. hawaiiensis, along with two other species, S. dorsalis and Frankliniella schultzei, was found on Borreria laevicaulis and Veronia cinerea (Fig. 7 and 8). Asystasia coromandeliana hosted two species of thrips, T. hawaiiensis and Megalurothrips usitatus (Fig. 9). The most abundant species was T. hawaiiensis, whereas the least abundant species was M. usitatus.


Table 1: Thrips species recovered from mango panicles using the CO2 collection technique during the study.



	Thrips species
	Treated orchard

	Untreated orchard




	No. of sampling occasions

	Total number

	No. of sampling occasions

	Total number




	T. hawaiiensis
	17

	29857 (44.3)*

	16

	38833 (22.3)




	S. dorsalis
	17

	18821 (30.6)

	16

	44146 (25.0)




	F. schultzei
	17

	10830 (16.6)

	16

	13340 (7.5)




	M. usitatus
	17

	5207 (8.5)

	16

	28206 (16.0)




	Thrips palmi
	17

	0

	16

	34332 (19.2)




	Haplothrips sp.
	17

	0

	16

	18162 (9.9)




Note: * Percentage of total species


Table 2: Number of adults of various thrips species collected from different plant species in the treated mango orchard from June 2008 to March 2009. Thrips larvae were identified only to genera. A: adults, L: larvae.
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Distinguishing Characteristics of Selected Thrips Larvae

Thrips larvae represented a large component of the thrips population in the mango orchards (Aliakbarpour & Che Salmah 2010). The morphological features of thrips adults are well defined. However, identification of larval thrips is difficult because the taxonomy of thrips larvae is poorly developed (Kucharczyk 2004). A number of morphological characteristics that differentiate thrips genera are described below.

Genus Frankliniella

Because there is no taxonomic key for the identification of larvae to the species level, the diagnostic characteristics of each genus were determined by Dr. Laurance Mound (private communication). The descriptions of the other characters were based on the authors’ observations. The larvae of this genus have campaniform sensillae on tergite IX located approximately twice as far apart as the median dorsal pair of setae [Fig. 10(a)], abdominal segment II with spiracle, abdominal segment X without a row of microtrichia between the insertions of dorsal setal pair I, and dorsal setae I and II of abdominal segment IX pointed or slightly knobbed.
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Figure 4: Mean (±SEM) number of thrips adults and larvae (identified to genera) on M. pudica.
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Figure 5: Mean (±SEM) number of thrips adults and larvae (identified to genera) on C. rutidosperma.
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Figure 6: Mean (±SEM) number of thrips adults and larvae (identified to genera) on E. colonum.
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Figure 7: Mean (±SEM) number of thrips adults and larvae (identified to genera) on B. laevicaulis.
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Figure 8: Mean (±SEM) number of thrips adults and larvae on V. cinerea.
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Figure 9: Mean (±SEM) number of thrips adults and larvae (identified to genera) on A. coromandeliana.



Genus Megalurothrips

The larvae of this genus have a row of tiny teeth on the posterior margin of tergite VIII [Fig. 10(b)], abdominal segment II with spiracles, abdominal segment X with a row of microtrichia between the insertions of dorsal setal pair I, and dorsal setae I and II of abdominal segment IX pointed.

Genus Scirtothrips

The larvae of this genus have reticulate sculpturing and a remarkable pattern of lines on the pronotum (Hoddle & Mound 2003), with a distinctive sculpturing of tiny dots over its whole surface [Fig. 10(c)].


Genus Thrips

The larvae of this genus have campaniform sensillae on tergite IX as far apart as the dorsal median setae [Fig. 10(d)], abdominal segment II with spiracles, and dorsal setae I and II of abdominal segment IX slightly knobbed.

Genus Haplothrips

The larvae of this genus have red-pigmented eyes, antennal segments IV–VII dark brown, I–III weakly shaded, and abdominal segments with major capitate setae [Fig. 10(e)].
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Figure 10: Larvae of thrips from various genera. (a) Frankliniella (tergite IX), (b) Megalurothrips (tergite VIII), (c) Scirtothrips (pronotum), (d) Thrips (tergite IX), (e) Haplothrips (abdominal segment).
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Abstrak: Penyu agar atau penyu hijau (Chelonia mydas) dan penyu lipas (Lepidochelys olivacea) adalah dua spesies penyu yang direkodkan mendarat di perairan laut Pulau Pinang. Penyu agar mempunyai rekod pendaratan tertinggi di Pulau Pinang sejak tahun 1995. Daripada statistik pendaratan penyu yang dikeluarkan oleh Jabatan Perikanan Pulau Pinang dari tahun 2001 hingga 2009, Pantai Kerachut dan Telok Kampi telah disenaraikan sebagai lokasi dengan pendaratan tertinggi penyu agar dengan pendaratan pada hampir setiap bulan dan pada sepanjang tahun. Sarang dan trek pendaratan penyu agar dijumpai hampir di keseluruhan pantai di Pulau Pinang iaitu di Batu Ferringhi, Tanjong Bungah, Pantai Medan, Pantai Belanda, Telok Kumbar, Gertak Sanggul, Pantai Moonlight, Telok Duyung, Telok Aling dan Telok Katapang. Tiada rekod pendaratan penyu lipas di Pantai Kerachut and Telok Kampi, tetapi trek dan sarang dijumpai di Telok Kumbar, Tanjong Bungah, Pantai Medan, Telok Duyung dan Gertak Sanggul. Justeru, Pusat Konservasi Penyu ditubuhkan di Pantai Kerachut untuk melindungi spesies ini daripada terus diancam kepupusan. Kajian ini akan menbincangkan tentang rekod dan taburan penyu agar dan penyu lipas di Pulau Pinang dari tahun 1995 hingga 2009.

Kata kunci: Penyu Agar, Pantai Kerachut, Telok Kampi, Taburan, Pokok Merambong, Musim Kemuncak

Abstract: The Green Turtle (Chelonia mydas) and Olive Ridley Turtle (Lepidochelys olivacea) are the only sea turtles with recorded landings in the Pulau Pinang coastal area. The Green Turtle has been the most abundant and widely distributed sea turtle in this area since it was first surveyed in 1995. Statistical analysis by the Pulau Pinang Department of Fisheries on the distribution of sea turtles from 2001 through 2009 has identified Pantai Kerachut and Telok Kampi as the most strongly preferred beaches for Green Turtle landings, with records for almost every month in every year. Green Turtle tracks and nests have also been found along the coast of Pulau Pinang at Batu Ferringhi, Tanjong Bungah, Pantai Medan, Pantai Belanda, Telok Kumbar, Gertak Sanggul, Moonlight Beach, Telok Duyung, Telok Aling, Telok Bahang and Telok Katapang. The Olive Ridley Turtle is present in smaller numbers; landing and nesting have only been recorded on a few beaches. There are no previous records of Olive Ridley landings at Pantai Kerachut and Telok Kampi, but tracks and nests have been found at Telok Kumbar, Tanjong Bungah, Pantai Medan, Telok Duyung and Gertak Sanggul. A Turtle Conservation Centre has been established at Pantai Kerachut to protect these species from extinction in Pulau Pinang. This paper presents details of the records and distribution of sea turtles in Pulau Pinang from 1995 through 2009.

Keywords: Green Turtle, Pantai Kerachut, Telok Kampi, Distribution, Merambong Tree, Peak Season


INTRODUCTION

Mainland Southeast Asia has long been regarded as a hotspot of chelonian diversity (van Dijk et al., 2000). However, no recent findings on the status and distribution of marine turtles in Pulau Pinang coastal areas have been published. Sea turtles are thought to be declining in Southeast Asia for a number of reasons. In Laos, Cambodia and Vietnam, the exploitation of chelonians for food and medical markets is widespread (Jenkins, 1995), and hunters in rural villages capture turtles and tortoises for local consumption or to sell to traders (Stuat & Platt, 2004). According to Hamann et al. (2006), the greatest current threats to sea turtle populations in Vietnam are habitat degradation, accidental or opportunistic turtle capture by fishermen and the direct take of nesting females and their eggs. Turtles in Malaysia face similar threats. In Pulau Pinang, the major threats to turtles are egg stealing (TRAFFIC 2004) and the capture of adults for consumption and trade. In Terengganu, management, recording and research for the leatherback are conducted by the Turtle and Marine Ecosystem Center (TUMEC). Currently, approximately 25000 leatherback eggs are purchased yearly for hatching in Rantau Abang (Brahim et al. 1987; Chan 1989). Four species of marine turtles (Green, Leatherback, Hawksbill and Olive Ridley) reside in Malaysian waters (Heng & Chark, 1989), and only two species, the Green and Olive Ridley, are presumed to nest on Pulau Pinang’s beaches. Few people are aware that active landing activity of sea turtles occurs in Pulau Pinang. Consequently, there has been little study, research, publication or exposure. Before the establishment of the Turtle Conservation Centre in early 1990’s, turtles in the region faced the problems listed above because it was not possible to fully monitor the turtle nests and protect them from fishermen and illegal trade. To prevent this situation from continuing, a tagging system was introduced in 2001 to collect systematic data and to trace each turtle’s landing to ensure that the nest records were reported accurately and to control and fully protect beaches from human disturbance.

This paper documents the results of surveys of 13 beaches in Pulau Pinang and compares the numbers of nests recorded during 2 periods: 1995–2000 and 2001–2009. The objectives of the paper are (1) to report the preferred nesting locations of Green Turtles from 2001–2009 among 13 beaches surveyed in Pulau Pinang; (2) to report on conservation efforts from 1995–2009 in the context of the annual totals of nests recorded, nest relocations and the annual mean hatch rate for the Green Turtle and Olive Ridley Turtle; and (3) to report on the selection of preferred nest sites by Green Turtles at Pantai Kerachut and Telok Kampi for 2008 and 2009.

MATERIALS AND METHODS

Determination of Distribution

Thirteen beaches on Pulau Pinang were surveyed (see Fig. 1).

Four staff members of the Pantai Kerachut Turtle Conservation Centre, working under the Conservation Department and 2 licensed fishermen hired by the Department patrol the beaches at night up to 4–5 times a week, sometimes accompanied by the Head of the Conservation Department, to verify, tag, and relocate turtle nests for incubation according to the standard guidelines. For beach monitoring, two types of surveys were conducted: intensive nocturnal surveys (evening surveys) and morning track counts (morning surveys). Turtles encountered were tagged on both flippers during intensive nocturnal surveys, and within this time all the necessary data were collected and recorded. This information included nest site selection, the total number of eggs laid, and the time of emergence. To ensure that no turtle landings were overlooked during the night surveys, the results were verified the following day with morning track counts.
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Figure 1: Map of Pulau Pinang showing location in Peninsular Malaysia and the locations of the 13 surveyed beaches (inset).



Surveys from 1995 to 2000

Between 1995 and 2000, conservation focused on daily monitoring at Pantai Kerachut, Telok Kampi and 11 other beaches. Regular interviews were conducted with residents and fishermen in these areas twice each month. Nocturnal and morning surveys were conducted at Pantai Kerachut and Telok Kampi 3–4 times a week by one staff member. The surveys at Telok Kampi were based on information provided by three hired fishermen.

Surveys from 2001 to 2009

Intensive nocturnal surveys and morning track counts were performed 365 days a year at Pantai Kerachut, Telok Kampi and Telok Ketapang from 2001 through 2009. Surveys were performed by Department staff except during a seven-day holiday period when two fishermen were hired to assume survey responsibilities.


Pantai Kerachut, Telok Kampi and Telok Ketapang

Because the Turtle Conservation Centre is situated at Pantai Kerachut, surveys were easily conducted at the two adjacent beaches, Telok Kampi and Telok Ketapang. Four persons (two staff, one fisherman and the head of the conservation department) began to monitor turtle crawls starting at 2000 hrs at Pantai Kerachut. The beach was monitored approximately four times by walking along the sandy beaches of Pantai Kerachut, and minimal light was used to verify the occurrence of emergence tracks. Between 0200 and 0400 hrs, the fishermen and one staff member went to Telok Ketapang by boat (a 5 minute journey from Pantai Kerachut), surveyed the beach there, and then surveyed Telok Kampi (also a 5 minute journey from Pantai Kerachut). The surveys at both beaches were performed with a torch, either by moving slowly along the beach or by observing from the boat. The boat was stationed a distance offshore to prevent the sound of the engine from disturbing the activities of the turtles. After Telok Ketapang had been surveyed, the team returned to Telok Kampi and stayed on the boat approximately 20 m from the beach to monitor any emergences until 0400 hrs.

If a turtle emergence was observed, the light source was extinguished. The team then followed the turtle at a distance of approximately 5 m and monitored the nesting activity. After the turtle had finished nesting and compacting the sand, both front flippers were tagged. The eggs were collected after the turtle had returned to the sea. Nesting activity was timed from the moment at which the turtle began to dig the ‘real nest’, defined as a nest that an adult excavated and in which the adult laid eggs. If an adult attempted to dig but did not lay eggs, the nest was not classified as a ‘real nest’.

If no landings were observed during this period, the three beaches were surveyed on foot the following morning (morning track counts). The morning surveys began at approximately 0800 hrs. Pantai Kerachut was surveyed first, followed by Telok Kampi and Telok Ketapang. These surveys were particularly important during seasonal bad weather. If nests were encountered in the morning, the standard procedure for relocating eggs to the hatchery was followed.

Telok Aling and Telok Duyung

Morning track counts were conducted daily on foot beginning at approximately 0900 hrs.

Telok Bahang

Twice-weekly interviews with approximately 10 local fishermen were conducted by Department staff.

Batu Ferringhi, Moonlight Beach and Tanjung Bungah

Four fishermen (residents of these three locations) provided information on turtles around these areas and were paid based on the number of eggs found.


Gertak Sanggul, Pantai Belanda, Pantai Medan and Telok Kumbar

Interviews with residents were conducted by 2–3 department staff 4–6 times a month. Nocturnal surveys were conducted at certain times based on information supplied by residents.

Egg Relocation

Eggs from almost all nests encountered at the 13 beaches were relocated to the hatchery at Pantai Kerachut Turtle Conservation Centre between 1995 and 2009. Only 438 of 539 Green Turtle nests (81%) were relocated from 1995–2009. The hatchery was located next to the Centre, occupied an area of 10 m × 5 m and was fully covered with black netting to provide shade and avoid overheating the eggs. The remaining 19% of the nests from 1995–2009 were left to incubate naturally to compare the natural rate of hatching with the hatchery rate.

The decision to relocate eggs from the nests to the hatchery was made for several reasons. Eggs are frequently destroyed by roots from surrounding vegetation, flooding, theft by humans or predation by Monitor Lizards (Varanus salvator). In addition, new hatchlings face a high risk of predation. Moreover, the Department lacks adequate human resources to fully protect all original nests. The basic equipment for egg relocation consisted of a large plastic bucket and gloves. Eggs were removed and counted by carefully excavating the nest as soon as the turtle had returned to the sea (Hays & Speakman 1993). This procedure was unlikely to affect the survival of the eggs adversely. Previous studies had shown that the careful excavation and handling of sea turtle eggs shortly (less than three hours) after they had been laid did not induce egg mortality (Parmenter 1980; Harry & Limpus 1989). Additionally a study by Chan (1989) showed that the eggs must be handled with extreme care to prevent the horizontal or vertical rotation of the eggs. Chan et al. (1985) reported that rough handling of eggs involving vertical and horizontal rotation more than five hours after the turtles lay their eggs can significantly reduce the hatching rate of the leatherback turtle. After a bucket had a full load of eggs, a small amount of sand was then added to fill the bucket and maintain the temperature. The bucket was then transported directly to the hatchery. The bucket was moved in a way that produced the least possible vibration. After the eggs were transferred, they were immediately incubated. The eggs were re-buried in hatchery nests excavated to a depth of approximately 60 cm and a width of 25 cm. After all eggs were placed in the nest chamber, the nests were fully compacted with the remaining sand and left for incubation. The final step was to label the clutch using a bamboo stick and to cover the nest with a protective net to avoid predation attempts. The relocated nests were monitored four times a day until hatchling emergence.

Procedure for Releasing Hatchlings into the Sea

After the hatchlings emerged, they were collected, counted and transferred to a bucket. They were counted again before the preparations were made to release them at night. Prior to the release, all lights were switched off so that the hatchlings were not artificially disoriented (Mrosovsky 1978). To avoid predation by eagles, the hatchlings were not released during the day. All hatchlings were released into the sea off Pantai Kerachut under observation to ensure that they all reached the sea (in practice, all the hatchlings that emerged at night successfully reached the sea).

Nest Site Selection

Two surveys were conducted from January through December in 2008 and 2009 at Pantai Kerachut and Telok Kampi to investigate the selection of preferred nest sites. The nest sites selected were classified into three categories: nests located under the vegetative cover of merambong trees, nests in open sand and nests under bushes. Nest site selection was determined after the female had finished nesting and returned to the sea. The combined data for 2008 and 2009 were then analysed as described below.

Statistical Analysis

An independent-samples t-test was used to compare the mean scores on continuous variables for two different groups of subjects.

RESULTS

Annual Distribution of Green Turtles from 2001 to 2009

The continuous annual distribution of Green Turtles located from 2001 through 2009 is plotted in Figure 2. The mean number of clutches collected monthly from 2001 through 2009 was 4.7 (SD = 3.9, range = 0 to 18). The four peak collections ranged from 16 to 18 clutches per month. The time periods between these peaks ranged from 2 to 3 years. It is probable that these peaks are related to the nesting season. The four peaks corresponded to the years in which the greatest numbers of adults landed in Pulau Pinang and in which the greatest numbers of nests were collected. The highest number of clutches collected was at Pantai Kerachut (81), followed by Telok Kampi (55) (Table 1). Together, these clutches constituted 82.4% of all nests found on the 13 beaches surveyed between 2001 and 2009.

An independent-samples t-test was performed to compare the total clutches collected at Pantai Kerachut and Telok Kampi from 2001–2009. There was a significant difference in scores for Pantai Kerachut (mean = 5.7, SD = 3.9) and Telok Kampi [mean = 3.3, SD = 1.8; t(33) = 3.5, p = 0.001].

Green Turtle and Olive Ridley Turtle Nesting Activity and Adult Records from 1995–2009

Table 2 shows the results of increased monitoring effort in terms of the number of nests found and relocated. Between 1995 and 2000, the number of Green Turtle nests found showed a gradual decrease. No nests were found in 1999 or 2000. This outcome was the result of insufficient manpower to control human encroachment and nest poaching at both beaches. It is probable that the declining trend was the result of the uncontrolled collection of turtle eggs in the early 1980s. Between 1995 and 2000, there were no records of Olive Ridley Turtle nesting. This information suggests that the Olive Ridley Turtle was no longer landing in Pulau Pinang. However, due to improved survey coverage and the allocation of sufficient manpower by the Department of Fisheries, the percentage of Green Turtle nests successfully located over the entire study period has increased from 6.12% in 1995–2000 to 93.88% in 2001 and subsequent years.

After the introduction of a tagging system in 2001, most Green Turtles observed nesting were tagged, and the number of clutches relocated to the hatchery increased. This change was due to the implementation of a more systematic protocol for locating turtles by the Department. A systematic protocol for the surveys allows the improved protection of turtle habitat and also successfully controls human activities at the beach. The result of these improvements is that more adults are attracted to land. Due to improved surveys, more turtle nests are being recorded and relocated. This change caused the identification of higher numbers of nests from 2001 to 2009 and the relocation of higher numbers of eggs to the hatchery. The highest number of eggs was collected in 2009. Most encouraging was the reappearance of Olive Ridley Turtles beginning in 2001 due to improved protection.

Because no tagging system existed from 1995–2000, we depended on the morphological characteristics of each adult to differentiate individuals. This approach was possible because each adult is a different length and width. Figure 3 shows that the smallest numbers of adults landing were recorded from 1995 through 2000. However, the numbers increase beginning in 2001. The highest numbers of adults landing were recorded in 2006 and 2009. In 2008, 18 tagged Green Turtle adults were recorded landing; in 2009, 16 Green Turtle adults and 2 Olive Ridley Turtle adults were recorded landing. The numbered tag on the front flipper allowed the activity of individual turtles to be monitored. For example, a female with tag number MY2515 returned to Pantai Kerachut and nested 6 times at the same beach in 2004.

Research into nest site selection during 2008 and 2009 at Pantai Kerachut and Telok Kampi found that 60.4% of Green Turtle nests were located under merambong trees, 24.8% were located under bushes and 14.9% were on the open beach (Table 3). It is probable that open beach sites were less popular due to the high risk of predator disturbance. Most Pantai Kerachut beaches are fringed by merambong trees, under which 14 nests were found in 2008 and 27 nests in 2009. A few other tree and grass species also grow in this area of the beach, but these plants do not provide as much shade as merambong trees.

Nesting activity was analysed according to three time periods: 2000–2400 hrs, 0000–0300 hrs, and 0300–0600 hrs. The highest Green Turtle nesting activity (2001–2009) is in the period 0000–0300 hrs, with 42% of the total observations, followed by 2000–2400 hrs, with 38% of the observations. The least nesting activity was recorded during 0300–0600 hrs, with 16.9% of the observations. As part of the 2001–2009 site selection survey, the proximity of the nests to human settlement was noted. 93% of the Green Turtle nests were found on beaches fringed with vegetation (500–1000 m from human settlement), 5% of the nests were found at the beach near human activity (50–100 m from human settlement) and 2% of the nests were found in the grassland/open beach areas (200–300 m from human settlement) (Table 4). Although Telok Kumbar is near human activity, three nests were found at the beach because it has wild growing vegetation suitable for turtle nesting.
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Figure 2: Numbers of Green Turtle nests located at 13 beaches on Pulau Pinang, 2001–2009, showing seasonal pattern of occurrence.
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Figure 3: Annual totals of Green Turtle and Olive Ridley Turtle adults found at 13 beaches on Pulau Pinang, 1995–2009.



Table 1: Number and percentage of Green Turtle clutches collected at each of the 13 beaches surveyed on Pulau Pinang, 2001–2009.



	Location
	Number of clutches collected

	Percentage (%) of total number




	Pantai Kerachut
	81

	49.1




	Telok Kampi
	55

	33.3




	Telok Ketapang
	9

	5.5




	Telok Kumbar
	4

	2.4




	Batu Feringghi
	4

	2.4




	Tanjong Bungah
	1

	.6




	Moonlight Beach
	2

	1.2




	Pantai Medan
	1

	.6




	Pantai Belanda
	1

	.6




	Telok Duyung
	1

	.6




	Gertak Sanggul
	1

	.6




	Telok Bahang
	1

	.6




	Telok Aling
	4

	2.4




	Total
	165

	100.0




Table 2: Nesting data for Chelonia mydas and Lepidochelys olivacea on Pulau Pinang, 1995–2009.
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Table 3: Nest site selection of Green Turtles surveyed at Pantai Kerachut and Telok Kampi in 2008 and 2009.
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Table 4: Distribution of Green Turtle nests in relation to the distance from human settlement.



	Site and distance from human settlement
	Nests

	Total

	Percentage (%)




	2008

	2009




	Vegetated zone far from settlements (500–1000m)
	
	
	
	



	Pantai Kerachut (800m)
	22

	33

	55

	55.6




	Telok Kampi (1000m)
	6

	25

	31

	31.3




	Telok Aling (500m)
	3

	3

	6

	6.1




	Total
	31

	61

	92

	93




	Open beach/grassland (200–300m)
	
	
	
	



	Telok Bahang (200m)
	1

	0

	1

	1




	Moonlight beach (300m)
	1

	0

	1

	1




	Total
	2

	0

	2

	2




	Near to human settlement/night activity (50–100m)
	
	
	
	



	Batu Ferringhi (50m)
	1

	0

	1

	1




	Gertak Sanggul (100m)
	1

	0

	1

	1




	Telok Kumbar (100m)
	1

	2

	3

	3




	Total
	3

	2

	5

	5




	Total observations
	72

	126

	198

	100




DISCUSSION

Natural Vegetation, Beach Site Selection, Emergence Time and the Environmental Conditions that Affect the Landing of Sea Turtles

The results of the study suggest that natural vegetation and darkness have a positive effect on the selection of landing and nesting sites by sea turtles in Pulau Pinang. This finding is consistent with the hypothesis formulated by Wang and Cheng (1998) that vegetation has a significant influence on nest site selection by the green turtles of Wan-An Island. The presence of merambong trees has a positive effect and is of major significance in attracting adults because the trees provide shelter, privacy and darkness.

Pantai Kerachut and Telok Kampi were the most preferred beaches. In all, 82% of the emergences occurred at these 2 beaches because these beaches provide optimal conditions for turtle nesting, with natural vegetative growth (primarily dominated by the merambong tree) available to provide a silent and serene environment far from human activity. The protection of the natural habitat, strict law and the reduction of nocturnal activity were additional important factors. The majority of sea turtles preferred to emerge between 0000–0300 hrs. At both beaches, this period provides the quietest environment for turtles to land. In contrast, the environment was disturbed between 2000–2400 hrs and after 0300 hrs by the noise from fishermen’s engines and lights because the fishermen were active during these periods. The occurrence of emergence was also related to the tide level. When the tide is high, the turtles can conserve energy by swimming towards the sand rather than crawling. Substantial amounts of energy are needed for turtles to negotiate obstacles, select a nesting place, dig an egg chamber, lay the eggs and finally cover them with sand again.

Telok Kampi is one of the most undisturbed and natural beaches on Pulau Pinang. With wide stands of rapidly growing merambong trees, remoteness from human activity, low beach height and long shores, it provides perfect turtle habitat. Kikukawa et al. (1999) demonstrated the positive effects on nesting turtles of distance from the nearest human settlement. The present analysis appears to confirm that nesting females prefer to emerge on beaches distant from human activities.

Conservation Efforts and Improved Management

Few nests were relocated during 1995–2000 due to a lack of coverage because the available manpower was insufficient for full monitoring. The Pantai Kerachut Turtle Conservation Centre still lacked facilities, staff and legal jurisdiction, so it was unable to monitor or control human activities in the area.

Beginning in 2001, manpower and resources increased. As a result, more nests were located. The numbers of staff members were sufficient to monitor some beaches for 365 days a year and to conduct regular interviews and receive regular information from residents at other beaches. Adults were tagged, enabling the movements of individual turtles to be monitored with more accuracy. Finally, improved enforcement by patrols helped protect and conserve nesting habitat and limit human activities at nesting beaches at night.


The hatchery at Pantai Kerachut is the only hatchery in Pulau Pinang. Its purpose is to incubate turtle eggs found in the Pulau Pinang area and to produce hatchlings to be released into the sea. Pantai Kerachut was selected as the location for the hatchery because it provides optimal temperatures relative to the pivotal temperature and can therefore produce a high percentage of hatchlings (Department of Fisheries, Pulau Pinang, unpublished data).
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Abstrak: Chironomus javanus (Kieffer) dan Chironomus kiiensis Tokunaga dihuraikan semula menggunakan specimen yang dikumpul daripada sebidang sawah padi di Pulau Pinang, Malaysia. Larva hanya boleh dibezakan selepas persediaan dan pemeriksaan specimen yang teliti menggunakan mikroskop majmuk, tetapi pupanya tidak sesuai digunakan untuk membezakan antara C. javanus dan C. kiiensis. Specimen dewasa menunjukkan ciri-ciri badan dan sayap yang jelas untuk pengecaman yang cepat dan tepat.

Kata kunci: Chironomus kiiensis, Chironomus javanus, Sawah Padi, Agas

Abstract: Chironomus javanus (Kieffer) and Chironomus kiiensis Tokunaga were redescribed from materials collected from a rice field in Pulau Pinang, Malaysia. The larvae can only be distinguished after careful preparation and examination using a compound microscope, but the pupae were not useful to differentiate C. javanus from C. kiiensis. The adult specimens showed clear body and wing characteristics for rapid and accurate identification.

Keywords: Chironomus kiiensis, Chironomus javanus, Rice Field, Non-biting Midges

INTRODUCTION

The non-biting aquatic midges of the family Chironomidae (Order: Diptera) include hundreds of species; the larvae inhabit almost all types of inland waters, such as ponds, lakes, swamps, rivers, sewage ditches, fish ponds and rice fields (Al-Shami et al. 2011, 2010a, b). Among these habitats, rice fields have long been recognised as a pre-eminent habitat for chironomids throughout the world, such as India, Australia and the USA (Darby 1962; Martin & Porter 1977; Chaudhuri & Chattopadhyay 1990; Stevens 1995; Stevens et al. 2002; Stevens & Warren 2003). Jones (1968) reported Chironomus tepperi Skuse as a pest of rice in Australia, and several other chironomid species have been reported to injure rice seedling in many countries, including Australia, India, Japan and the USA (Ishihara 1972; Martin & Porter 1977; Chaudhuri & Chattopadhyay 1990; Stevens 1995; Stevens et al. 2002). Hashimoto et al. (1981) gave a brief description of the adult morphology of 32 species of chironomids inhabiting rice fields in Thailand. In Japan, Sasa and Kikuchi (1986) provided descriptions of 34 chironomid species inhabiting rice fields and estimated that at least 6 more species breed in the rice-growing areas of Japan. In general, the knowledge of chironomid fauna in the Indo-Malaya ecozone is comparatively low compared to the Holarctic and Afrotropical regions (Ashe 1990). Among the Chironomidae subfamilies, only Tanypodinae, Orthocladiinae, Chironominae and Diamesinae are described in this area (Cranston 2004). Thienemann (1954) provided a list of chironomid species found in the rice fields of Sumatra and Western Java. However, very little is known about the distribution, taxonomy and bionomics of rice field Chironomidae in Peninsular Malaysia; some pioneering studies on rice field Chironomidae of Kedah and Selangor states are those of Lim (1990), Che Salmah and Abu Hassan (2002) and Al-Shami et al. (2010a).

Chironomus larvae display the characteristics striations at the base of the mandible, and molecular data confirmed that the striation is specific for all Chironomus species (Martin et al. 2007). According to Cranston (2007), genus Chironomus is one of the most difficult genera of chironomids to identify. The adult morphology is rather homogenous, and few efforts have been made to simplify the identification. Furthermore, although Chironomus javanus and Chironomus kiiensis possess some differences at the adult stage, Al-Shami et al. (2006) reported that these species were difficult to separate using immature specimens. Cranston (2007) reported that C. javanus (Kieffer) is somewhat atypical because it resembles the genus Kiefferulus in having numerous (6–7) premandibular teeth. In the same study, the remaining larvae with two-toothed premandibles were suggested to belong to what is undoubtedly a heterogeneous assemblage of this species. Adult males are rare, thus they cannot be discriminated or named with certainty. A pharate C. kiiensis Tokunaga male is mistakenly identified as C. javanus unless the distinctive wing pattern in the teneral wings is confirmed.

Both C. javanus and C. kiensis are widely described in several Asian countries, such as Thailand, India, Japan and Korea. However, no attempt was made to redescribe the larvae and adult materials from Peninsular Malaysia. Therefore, the present study was undertaken to redescribe these species based on selected larval and adult morphological characters.

MATERIALS AND METHODS

Chironomidae larvae were collected in an experimental rice field at the Bukit Merah Rice Research station in Permatang Pauh, Seberang Perai, Pulau Pinang in Northern Peninsular Malaysia. The larvae were transferred to glass vials and immediately preserved in 80% ethanol. Taxonomic identification of the larvae was made using the keys of Cranston (2004), Morse et al. (1994), Merritt and Cummins (1996) and Epler (2001).

Some field-collected larvae were reared in the laboratory to the adult stage following the procedure of Chaudhuri et al. (1983). The reared adults were identified using the keys published by Sasa and Hasegawa (1983) and Hasegawa and Sasa (1987). The identified materials have been maintained at the Aquatic Insect Collection of the School of Biological Sciences, Universiti Sains Malaysia, Pulau Pinang, Malaysia. The terminology used for the adult morphology was essentially that of Sasa and Hasegawa (1983), as provided in Table 1.


Table 1: Explanation of the abbreviations used in the standard measurements of midge adults (following Sasa & Hasegawa 1983).



	Abbreviation
	Explanation



	BL
	Body length, the combined length of the thorax and abdomen, in mm



	WL
	Wing length, from the base of vein R to the tip of wing, in mm



	AR
	Antennal ratio, the length of the last segment divided by the combined length of the preceding segments, not including the pedicel.



	ER
	Eye ratio, the distance between the eyes divided by the height of the eye.



	so
	Number of supraorbital setae



	cl
	Number of clypeal setae



	dm
	Number of acrostichals of the scutum



	dl
	Number of dorsolateral setae of the scutum



	Pa
	Number of prealar setae



	sc
	Number of scutellar setae



	sq
	Number of fringing setae of squamata



	LR1
	Length of the front tarsus I divided by the length of the front tibia



	LR2
	Length of the middle tarsus I divided by the length of the middle tibia



	LR3
	Length of the hind tarsus I divided by the length of the hind tibia



	TR1
	Length of the front tarsus V divided by the length of the front tibia



	BR1
	Length of the longest hair on the front tarsus I divided by the diameter of the front tarsus I at the base of the hair



	BR2
	As above, middle tarsus I



	BR3
	As above, hind tarsus I



RESULTS

Chironomus javanus Kieffer, 1924 (Fig. 1).

This species was first described by Kieffer (1924) from Buitenzorg, Java; later Johannsen (1932) described specimens from Lake Ranau, Sumatra. Specimens from various regions have subsequently been described by many authors, such as by Tokunaga (1964) from a number of Micronesian Islands, Hashimoto et al. (1981) from Thailand, Sasa and Hasegawa (1983) from Okinawa, Hashimoto (1984) from Shizuoka, Kikuchi et al. (1985) from rice paddies of Tokushima, Hasegawa and Sasa (1987) from Ryuku Island, Japan, Chaudhuri and Chattopadhyay (1990) from rice paddies of West Bengal, India, Kikuchi and Sasa (1990) from the Lake Toba area, Sumatra, Indonesia, and Sasa and Ogata (1999) from the Kurobe municipal sewage treatment plant, Japan.


Distribution: Caroline Island, Japan, Java, Sumatra, Marshall Island, Fiji, Papua New Guinea and Australia, Thailand, India.

Material Examined: 15 larvae from Seberang Prai, Pulau Pinang, Malaysia, collected in 2004.

Larvae (n=15): Body, 12–14 (mean 13.3) mm long, blood red in colouration. Two pairs of eyes present. Head, yellowish with dark postoccipital margin. Frontoclypeal apotome and labral sclerite 2 present; labral sclerite 1 absent. Pecten epipharyngis simple, consisting of 15 teeth of almost equal lengths. Premandibles with 7 teeth. Ventromentum plates, fan-shaped, separated medially by approx. 1/3 width of mentum plate. Anterior parapods with numerous pale claws, generally simple, but larger ones with accessory spikes near tips; posterior parapods with 16 dark brown claws, larger ones with 1 or 2 pointed spikes. Abdominal segment VII with a pair of caudolateral processes extending up to the middle of segment VIII [Fig. 1(h)]. Two pairs of ventral tubules present on abdominal segment VIII: the anterior pair long, extending beyond caudal extremity of body, and the posterior pair coils ventrally. Anal tubules relatively large, longer than half the length of the posterior parapods; anal setae with 7 long and 2 short hairs on a small tubercle.
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Figure 1: Chironomus javanus Kieffer 1924, adult: (a) hypopygium; (b) superior volsella; (c) ventral appendage; (d) wing; (e) antenna (female).



Adults (n=12):

Male (n=7): Mean body length, 5.9 mm. Body colouration largely greenish yellow; antennal shaft brown, hair grey; ground colour of scutum greenish yellow; stripes reddish brown, scutellum yellow, postnotum brown, halteres yellow; abdominal tergites I-VII greenish yellow without dark masks, abdominal tergite VIII and hypopygium brown; wings unmarked, r-m darker than the remainder of veins; in the forelegs, femur, tibia and tarsus I nearly white, both ends of tarsi II and III dark brown and their middle parts white, tarsi IV and V entirely dark brown; in the middle and hind legs, femora yellowish brown, tibiae and proximal 4/5 of tarsi I white, distal end of tarsi I and both ends of tarsi II and III dark brown, middle of tarsi II and III yellowish brown, tarsi IV and V entirely dark brown. Frontal tubercles well developed. Acrostichal setae of scutum usually absent. Scutal setae 10–16 in a single transverse row. Fore tarsus III longer than fore tarsus II (Table 2).

Female (n=5): All characters, in general, similar to the male, with usual sexual differences and the presence of 20–26 acrostichal setae on scutum.

Remarks: The specimens collected in the rice fields conformed to the description of Hashimoto et al. (1981) and Sasa and Hasegawa (1983). The body colouration, various measurements and structure of the male hypopygium were almost identical with those reported by previous authors for C. javanus (Kieffer) from Southeast Asia and the Micronesian regions. The absence of acrostichal setae on the scutum in most of the male specimens and the presence of long setae on the basal pad of the superior volsella of the males were characters of this species not referred to by previous authors.

Chironomus kiiensis Tokunaga, 1936 (Fig. 2).

C. kiiensis was first described by Tokunaga (1936), Hashimoto (1977) from Japan, Sasa (1978) from Japan, Hashimoto et al. (1981) and Kikuchi et al. (1985) from rice fields of Tokushima, Japan, Hirabayashi et al. (2004) from a filtration plant in Japan and Jeong et al. (2004) from rice fields of Korea.

Distribution: Japan, Thailand, Korea.

Material Examined: 41 larvae and 22 adults from Seberang Perai, Pulau Pinang, Malaysia, collected in 2004.

Larvae (n=41): Length ranged 11 to 15 mm (13.1 mean), body red in colour. Head almost yellow with dark postoccipital margin. Premandible consisting of two teeth. Frontoclypeal apotome and labral sclerite 2 present; labral sclerite 1 absent. Abdominal segment VII with a pair of short caudalteral processes; abdominal segment VIII with two pairs of long ventral tubules, the anterior pair relatively straight, the posterior ones longer and coiled. Four anal tubules elongated, almost equal, about half the length of the posterior parapods.
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Figure 2: Chironomus kiiensis Tokunaga 1936, adult: (a) hypopygium; (b) superior volsella; (c) ventral appendage; (d) wing; (e) antenna (female).



Adults (n=22):

Male (n=12): Mean body length, 6.4 mm. Head yellowish, frontoclypeal apotome darker. Antennal hair brown, shaft dark brown; ground colour of scutum yellow, scutal stripes reddish brown, scutellum yellow, postnotum dark brown, halteres yellow. Tarsi I, II and III largely yellow and each with an apical dark ring, tarsi IV and V largely dark brown; ground colour of abdominal tergites greenish yellow. Tergites VIII and hypopygium dark brown. Standard measurements are shown in Table 2. This species is morphologically very similar to C. javanus. However, this species is unusual as a member of Chironomus in the strict sense that the wings have fuscous marks and the superior volsella have high basal pads somewhat resembling the Einfeldia group. The wings of C. kiiensis have a marks or spots that are characteristics to distinguish it from C. javanus.

Female (n=10): The body colouration is similar to the male; presence of 20–25 acrostichal setae on scutum.

Remarks: This species is most similar to C. javanus, C. samoensis, and C. crassiforceps, especially in the pupal stage in having a transverse band of spinules on tergite VII. Moreover, this morphological similarity has been reported for rice field specimens from Japan (Sasa 1978) and India (Chaudhuri & Chattopadhyay 1990; Chattopadhyay et al. 1991).


DISCUSSION

Many species of Chironomus, such as C. javanus, C. kiiensis, C. samoensis and C. crassiforceps, have been reported from rice fields throughout the world, including Japan (Sasa 1978) and India (Chaudhuri & Chattopadhyay 1990; Chattopadhyay et al. 1991). However, no previous efforts to redescribe C. javanus and C. kiiensis from Malaysian rice fields were demonstrated. These specimens were compared with reported extant species in Asian countries. According to the present observations, the characters of the Malaysian specimens matched well with the Japanese specimens, with the exception of the body length of C. kiiensis, which was longer than what has been reported for Japanese specimens by Sasa and Hasegawa (1983). Although C. javanus is somewhat atypical because it resembles Kiefferulus in having numerous premandibular teeth (5–7 teeth), the striations at the base of the mandible are characteristic only for Chironomus (Cranston 2007).

C. javanus and C. kiiensis showed very strong similarities that hinder a rapid identification of the larval materials. Under microscopic examination, only the number of teeth on the premandibles separated these two species (Sasa & Hasegawa 1983; Cranston 2007). The difference in the ventral tubule on abdominal segment VIII was clear because it was longer and highly coiled in the C. kiiensis larvae. The colouration of the mandibular teeth was also a valuable character for the identification of the larvae. However, C. kiiensis and C. javanus were very similar in their pupal morphology in having a transverse band of spinules on tergite VII.

The adults are more easily differentiated, as the body length of C. kiiensis was longer than C. javanus. In addition to the standard measurements, there are some other characters that could be used effectively to distinguish between C. javanus and C. kiiensis. The acrostichal setae of the scutum in the males of C. javanus were absent, an observation that was also reported by Sasa and Hasegawa (1983). The appearance of dark spots on the wings of C. kiiensis was also a characteristic to identify adult specimens.

It is concluded that the differentiation between C. javanus and C. kiiensis using larval material would be possible under microscopic examination. However, this procedure was rather tedious because the slide preparation was time consuming. The pupae were not useful materials for species differentiation, whereas the adult materials showed clear differences between C. javanus and C. kiiensis, with a satisfactorily high level of accuracy. Future investigations, including cytological and molecular identification, would further confirm the morphological identification of all of the Chironomus species, particularly C. javanus and C. kiiensis.
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Abstrak: Sebanyak enam induk liar udang harimau, Penaeus monodon, didapati positif Virus Bintik Putih (WSV) dengan kit pengesanan IQ2000. Histopatologi pada induk udang tersebut menunjukkan jangkitan WSV dengan kehadiran sel hematosit dalam nukleus pada sel-sel epitelium kelenjar antennal, perut dan insang. Induk liar positif dengan WSV ini tidak menunjukkan tanda-tanda penyakit seperti bintik-bintik putih seperti kebiasaan jangkitan WSV. Histopatologi menunjukkan kehadiran hematosit yang terkumpul di sekitar tubul hepatopankreatik akibat jangkitan bakteria. Pengurungan bakteria, pembentukan nodul dan nekrosis juga dikesan pada tubul hepatopankreatik yang turut dijangkiti oleh larva cestoda. Larva Tylocephalum dikesan dalam bentuk kurungan pada organ hepatopankreas dengan dikelilingi oleh sel hematosit. Penemuan ini menunjukkan jangkitan bakteria dan parasit, sebagai tambahan kepada jangkitan virus itu sendiri, boleh menyumbang kepada 80% kadar kematian pada liar induk yang positif dengan WSV.

Kata kunci: Udang Harimau, WSV, Bakteria, Parasit Metazoa, Larva Cestoda

Abstract: A total of six wild broodstocks of tiger prawns, Penaeus monodon, were found positive for White Spot Virus (WSV) with an IQ2000 detection kit. Using histopathology, the intranuclear inclusion of haemocyte due to WSV infection was observed in the epithelium cells of the antennal gland, stomach and gills. This result confirmed that the wild broodstocks were positive with WSV without showing any white spot. Additionally, histopathological examination also revealed an accumulation of haemocytes around the hepatopancreatic tubules resulting from bacterial infection. Encapsulation and nodule formation, as well as related necrosis, were also observed around the hepatopancreatic tubules infected with a metazoan parasite. Encysted tylocephalum larval cestodes were observed in the hepatopancreas, with haemocytic aggregation being observed around the infected tubules. These findings showed some bacterial and parasitic infections which, in addition to the viral infection itself, could contribute to the 80% mortality rate in wild broodstocks infected with WSV.

Keywords: Tiger Prawn, WSV, Bacteria, Metazoan Parasite, Larval Cestodes

Currently, wild-caught broodstock are used in hatchery production to supply millions of larvae to stock the ponds. This practice could introduce viral infections into the hatchery population, causing considerable economic losses and limiting the growth of the industry. In Thailand and Indonesia, viral and bacterial infections were found to be important causes of significant pond production losses. Viral diseases, such as White Spot Virus (WSV), and luminous bacterial and protozoan infections have frequently been implicated worldwide in disease outbreaks of cultured penaeid shrimp during all phases of production (Brock & Lightner 1990).

WSV is highly virulent, and penaeid shrimp can be carriers of the disease, with transmission of the virus occurring through the ingestion of infected tissue by other animals, disposal of diseased shrimp, and release of pond effluent containing the virus into the sea. Mortality due to WSV in wild broodstock had not been reported in Malaysia since the outbreaks of the virus in 1994 (Hassan et al. 1996). In Thailand, the overall prevalence of WSV in wild tiger shrimp (Penaeus monodon) broodstock collected from the Gulf of Thailand and Andaman Sea was 3.7% (12/324). In addition to WSV, P. monodon could also have shell diseases caused by infection with luminous bacteria or Vibrio sp. (causing vibriosis) and contributing to the mortality of cultured shrimp worldwide (Chen et al. 2000). Anderson 1988 reported mortality due to rickettsia and bacterial septicemia in juvenile P. monodon cultured in Malaysian brackish-water ponds.

In our present study, mortality was observed 3 weeks after transfer of P. monodon into the hatchery, with 80% losses. All of the samples tested positive for WSV using an IQ2000 detection kit (GeneReach Biotechnology Corporation, Taiwan). During gross examination, no white spot was observed on the body of any of the broodstock. Water parameters were in the normal range for shrimp culture. The present study aims to investigate the pathology associated with WSV infection in wild broodstock of tiger prawn.

The broodstock specimens were from Johor and were claimed to be Specific Pathogen Free (SPF) stock. Feeding and water management were not changed between when the batch of prawns was brought into the hatchery and when mortality was first noted after 3 weeks. Daily mortality was 6–7 prawns. Water parameters were in the normal range for shrimp culture at the time of investigation.

The specimens obtained were shown to be positive with WSV using an IQ2000TM WSV Detection kit. Detection by the IQ2000 kit showed heavy infection by WSV, and the handling stress during the transportation was unknown. To determine what other pathology was associated with WSV, live positive specimens were processed for histology according to Bell and Lightner (1988). The WSV-infected wild broodstock specimens were injected with Davidson’s fixative before fixing in Davidson’s solution for 24–48 hours. The standard organs sampled for histology were the head and the third and last segments of abdomen, which were cut and processed by automatic tissue processing system (Leica ASP 300, Leica Microsystems, Germany). The samples were individually embedded in paraffin wax, sectioned into five-micrometer slices, stained with Haematoxylin and Eosin (H&E) and finally mounted with DPX. To test for Gram negative bacterial infection a Gram-Twort stain was applied. The processed slides were examined under a compound microscope (Leica DM5000B, Leica Microsystems, Germany) that was connected to a digital camera (Leica DFC 320, Leica Microsystems, Germany) associated with the computer software Leica QWin (Leica Microsystems, Germany).


Gross observation revealed black patches on the carapaces, erosion on the uropods/appendages and erosion on the antennae of the broodstock (Fig. 1). No white spot was observed on the carapaces. However, the broodstock showed red discolouration on their bodies. Histopathological examination revealed that the WSV-infected tiger prawn broodstock were also infected with bacterial, metazoan and larval cestodes. WSV was evidenced by the intranuclear inclusion of haematocyte observed in the epithelium cells of the antennal glands, stomachs and gills of the two wild broodstock [Figs. 2(a) and (b)]. Cells infected with WSV showed haloed eosinophilic intranuclear inclusions, which developed to become basophilic and filled the moderately hypertrophied nucleus. Changes observed in the WSV-infected prawns when compared to the normal prawns, such as the accumulation of haemocytes around the hepatopancreatic tubules due to bacterial infection, indicated a systemic bacterial infection [Fig. 2(c)]. Further examination using a Gram-Twort stain showed the pink staining that is indicative of gram-negative bacteria [Fig. 2(d)]. Encapsulation, nodule formation and related necrosis were also observed in the hepatopancreatic tubules and were caused by infection with a metazoan parasite [Fig. 2(e)]. Larvae of tylocephalum cestodes were also observed with the haemocytic aggregation surrounding the infected hepatopancreatic tubules [Fig. 2(f)].

Pornlerd et al. (1994) reported that 100% mortality could occur less than 7 days after the typical white spot appeared as the first sign of ill health. In our study no white spot appeared, yet 80% mortality was reported and all samples tested using the IQ2000 kit were positive for WSV infection. We believed that infection by bacteria and worms might have weakened the tiger prawn, resulting in subsequent mortality. Bacterial diseases were considered to be a secondary factor related to stress. In addition, the metazoan and larval cestode infections further weakened and stressed the prawns when they were in suboptimal or unstable environmental conditions or high stocking density or were under inadequate management. Clinical vibriosis was found to be the main cause of serious production losses in P. monodon grow-out farms in the central shrimp region of Thailand surveyed from Nov. 1988–Oct. 1990 (Nash et al. 1992). Bacterial septicaemia associated with Vibrio sp. (i.e., vibriosis) has previously been reported as a cause of serious production losses in giant tiger prawn, Penaeus monodon Fabricius, reared in semi-intensive to intensive brackish-water ponds in South East Asia (Anderson et al. 1988; Nash 1990). In our case, we believed that bacterial and worm infection could be the predisposing factor that stressed and weakened the tiger prawn, leading to the multiplication of WSV in the body that subsequently resulted in the high mortality.



[image: art]

Figure 1: Gross observation of the tiger prawn; (a) black patches on a carapace, (b) erosion on a uropod or appendage (arrow) and (c) erosion on an antenna (arrow).
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Figure 2: Histological section through hepatopancreatic tissue of an infected WSV-prawn: (a) and (b) an intranuclear inclusion of WSV in the connective tissue of a hepatopancreatic tubule epithelium (arrow) and epithelium of stomach. Magnification: ×400, H&E; (c) hepatopancreas showing the massive haemocytic aggregation surrounding the infected tubules and necrosis caused by bacterial infection. Magnification: ×200, H&E; (d) the gram-negative bacteria were stained pink using Gram-Twort stain. Magnification: ×400; (e) Metazoan parasite infection at the hepatopancreatic tubules (arrow). Magnification: ×200. H&E; f) infection by larval cestodes of tylocephalum (arrow) at the hepatopancreatic tubules. Magnification: ×200. H&E.
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