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Abstrak: Rodent tergolong dalam kumpulan Rodentia yang terdiri daripada tiga Famili di Borneo (Contoh: Muridae, Sciuridae dan Hystricidae). Ini termasuk tikus, tupai dan juga landak. Golongan ini tersebar di serata dunia dan dianggap sebagai haiwan perosak yang mengancam manusia dan haiwan ternakan. Sebahagian spesies rodent adalah sumber pembawa jangkitan Hantavirus (Famili: Bunyaviridae) yang menyebabkan penyakit zoonotik kepada manusia. Walaupun serum manusia pernah dilaporkan seropositif pada Hantavirus di Semenanjung Malaysia pada awal tahun 1980, informasi tentang jangkitan pada spesies rodent di Malaysia masih kekurangan. Populasi rodent di kawasan perumahan dan kawasan hutan di Sarawak telah disampel. Sejumlah 108 individu daripada 15 spesies telah ditangkap di kawasan perumahan (n = 44) dan kawasan hutan (n = 64). Kepelbagaian rodent di kawasan hutan secara signifikan lebih tinggi (H = 2.2342) berbanding rodent di kawasan perumahan (H = 0.64715) (p < 0.001 ujian Zar-t berdasarkan indeks Shannon). Rattus rattus dan Sundamys muelleri amat kerap dijumpai di kedua dua lokaliti. Ujian imunosorben taut-enzim (ELISA) menunjukkan antibodi kursus kepada Hantavirus tidak dapat dikesan daripada 53 sampel serum yang telah diuji. Ini adalah laporan pertama tentang seroprevalensi hantavirus di Sarawak, Malaysia Timur. Hasil kajian menunjukkan bahawa penyebaran Hantavirus tidak berada dalam populasi tikus yang ditangkap di Sarawak, melainkan jika pengesanan di bawah prevalensi rendah iaitu di bawah tahap ambang. Kajian lebih lanjut seperti pengesanan molekul pada komponen viral genetik diperlukan untuk menilai sepenuhnya risiko jangkitan Hantavirus pada rodent dan juga manusia dalam kawasan kajian ini, di Malaysia.

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

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

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

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


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

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



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

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


Table 1: Rodent species captured in both residential and forested areas, Sarawak.

[image: art]


ACKNOWLEDGEMENTS

We would like to thank Sarawak Forestry Department for granting the research permits to conduct the rodent samplings (permit no. NCCD.907.4.4(Jld.11)-4 and park permit no. 537/2014). We gratefully thank the staff from Faculty of Resource Science and Technology and Department of Zoology for their help in this project. This project was partially supported by the Malaysia Ministry of Education under Fundamental Research Grant Scheme (FRGS/963/2013(04)) and Niche Research Grant Scheme (NRGS/1088/2013(02)).

REFERENCES

Bi Z, Formenty P B H and Roth C E. (2008). Hantavirus infection: A review and global update. The Journal of Infection in Developing Countries 2(1): 3–23. https://doi.org/10.3855/jidc.317

Blasdell K, Cosson J F, Chaval Y, Herbreteau V, Douangboupha B, Jittapalapong S, Lundqvist A, Hugot J P, Morand S and Buchy P. (2011). Rodent-borne hantaviruses in Cambodia, Lao PDR, and Thailand. EcoHealth 8(4): 432–443. https://doi.org/10.1007/s10393-011-0725-7

Blasdell K, Morand S, Henttonen H, Tran A and Buchy P. (2016). Hantavirus seropositivity in rodents in relation to habitat heterogeneity in human-shaped landscapes of Southeast Asia. Spatial and Spatio-temporal Epidemiology 17: 27–35. https://doi.org/10.1016/j.sste.2016.04.002

Calisher C H, Childs J E, Field H E, Holmes K V and Schountz T. (2006). Bats: Important reservoir hosts of emerging viruses. Clinical Microbiology Review 19(3): 531–545. https://doi.org/10.1128/CMR.00017-06

de Oliveira R C, Guterres A, Fernandes J, D’Andrea P S, Bonvicino C R and de Lemos E R S. (2014). Hantavirus reservoirs: Current status with an emphasis on data from Brazil. Viruses 6(5): 1929–1973. https://doi.org/10.3390/v6051929

Elliott R M, Schmaljohn C S and Collett M S. (1991). Bunyaviridae genome structure and gene expression. Current Topics in Microbiology and Immunology 169: 91–141. https://doi.org/10.1007/978-3-642-76018-1_4

Francis C M. (2008). A field guide to the mammals of South-East Asia (1st Ed.). London, United Kingdom: New Holland Publisher.

Herbreteau V, Jittapalapong S, Rerkamnuaychoke W, Chaval Y, Cosson J F and Morand S. (Eds.). (2011). Protocols for field and laboratory rodent studies. Bangkok: Kasetsart University Press.

Ibrahim I N, Shimizu K, Yoshimatsu K, Yunianto A, Salwati E, Yasuda S P, Koma T, Endo R and Arikawa J. (2013). Epidemiology of hantavirus infection in Thousand Islands Regency of Jakarta, Indonesia. Journal of Veterinary Medical Science 75(8): 1003–1008. https://doi.org/10.1292/jvms.12-0442

Johansson P, Yap G, Low H T, Siew C C, Kek R, Ng L C and Bucht G. (2010). Molecular characterization of two hantavirus strains from different rattus species in Singapore. Virology Journal 7(1): 15–24. https://doi.org/10.1186/1743-422X-7-15

Kallio-Kokko H, Laakkonen J, Rizzoli A, Tagliapietra V, Cattadori I, Perkins S E and Henttonen H. (2006). Hantavirus and Arenavirus antibody prevalence in rodents and humans in Trentino, Northern Italy. Epidemiology and Infection 134(4): 830–836. https://doi.org/10.1017/S0950268805005431


Lam S K, Chua K B, Myshrall T, Devi S, Zainal D, Afifi S A, Nerome K, Chu Y K and Lee H W. (2001). Serological evidence of hantavirus infections in Malaysia. The Southeast Asian Journal of Tropical Medicine and Public Health 32(4): 809–813.

Liat L B. (2015). The house rodents and house shrew in Malaysia and Southeast Asia. UTAR Agriculture Science Journal 1(2): 43-50.

Lim T W, Ambu S, Baek L J, Ju Y K, Lee H W and Ng C S. (1985). Investigation on the presence of Hantaan or/and related virus, etiologic agentof Hemorrhagic Fever with Renal Syndrome (HFRS) among rodents in the seaport of Penang and Perlis. Tropical Biomedicine 2: 73–79.

Lim M Y, Ryou J, Kim S Y, Shin E, Yoo Y J, Yun S M, Noh Y T, Han M G and Ju Y R. (2012). Seroprevalence of Hantaviruses in small wild mammals trapped in South Korea from 2005 to 2010. Journal of Vector Ecology 37(1): 97–101. https://doi.org/10.1111/j.1948-7134.2012.00205.x

Lin X D, Guo W P, Wang W, Zou Y, Hao Z Y, Zhou D J, Dong X, Qu Y G, Li M H, Tian H F, Wen J F, Pluyusnin A, Xu J and Zhang Y Z. (2012). Migration of Norway Rats resulted in the worldwide distribution of Seoul Hantavirus today. Journal of Virology 86(2): 972-981. https://doi.org/10.1128/JVI.00725-11

Lokugamage N, Kariwa H, Lokugamage K, Iwasa M A, Hagiya T, Yoshii K, Tachi A, Ando S, Fukushima H, Tsuchiya K, Iwasaki T, Araki K, Yoshimatsu K, Arikawa J, Mizutani T, Osawa K, Sato H and Takashima I. (2004). Epizootiological and epidemiological study of hantavirus infection in Japan. Microbiology and Immunology 48(11): 843–851. https://doi.org/10.1111/j.1348-0421.2004.tb03616.x

McKenna M C, Bell S K and Simpson G G. (1997). Classification of mammals: Above the species level. Volume Two. New York: Columbia University Press.

Nitatpattana N, Chauvancy G, Dardaine J, Poblap T, Jumronsawat K, Tangkanakul W, Poonsuksombat D, Yoksan S and Gonzalez J P. (2000). Serological study of hantavirus in the rodent population of Nakhon, Pathom and Nakhon Ratchasima Provinces Thailand. The Southeast Asian Journal of Tropical Medicine and Public Health 31(2): 277–282.

Payne J and Francis C M. (2007). A field guide to the mammals of Borneo. Kota Kinabalu: The Sabah Society.

Plyusnin A, Vapalahti O and Vaheri A. (1996). Hantaviruses: Genome structure, expression and evolution. Journal of General Virology 77(11): 2677–2687. https://doi.org/10.1099/0022-1317-77-11-2677

Plyusnina A, Ibrahim I N and Plyusnin A. (2009). A newly recognized hantavirus in the Asian house rat (Rattus tanezumi) in Indonesia. Journal of General Virology 90(1): 205–209. https://doi.org/10.1099/vir.0.006155-0

Reynes J M, Soares J L, Hüe T, Bouloy M, Sun S, Kruy SL, Marie F F S and Zeller H. (2003). Evidence of the presence of Seoul virus in Cambodia. Microbes and Infection 5(9): 769–773. https://doi.org/10.1016/S1286-4579(03)00149-7

Wang H, Yoshimatsu K, Ebihara H, Ogino M, Araki K, Kariwa H, Wang Z, Luo Z, Li D, Hang C and Arikawa J. (2000). Genetic diversity of hantaviruses isolated in China and characterization of novel hantaviruses isolated from Niviventer confucianus and Rattus rattus. Virology 278(2): 332–345. https://doi.org/10.1006/viro.2000.0630

Wells K, Lakim M B and O’Hara R B. (2014). Shifts from native to invasive small mammals across gradients from tropical forest to urban habitat in Borneo. Biodiversity and Conservation 23(9): 2289–2303. https://doi.org/10.1007/s10531-014-0723-5

Wong T W, Chan Y C and Lee H W. (1985). Haemorrhagic fever with renal syndrome in Singapore: A case report. The Southeast Asian Journal of Tropical Medicine and Public Health 16(4): 525–527.


Wong T W, Chan Y C, Yap E H, Joo Y G, Lee H W, Lee P W, Yanagihara R, Gajdusek D C and Gibbs C J. (1988). Serological evidence of hantavirus infection in laboratory rats and personnel. International Journal of Epidemiology 17(4): 887–890. https://doi.org/10.1093/ije/17.4.887

Yasuma S and Andau M. (1999). Mammals of Sabah. Field guide & identification. Kota Kinabalu, Sabah: Sabah Wildlife Department.

Yusof F M, Md Ismail A I B and Ali N M. (2010). Modeling population harvesting of rodents for the control of Hantavirus infection. Sains Malaysiana 39(6): 935–940.



OEBPS/images/Art_P15.jpg
(NH4") RW
Bostrychia anomala

=g

- i
Water T‘"‘ﬂi"’ﬁi ¥
Feb

Air Temperature





OEBPS/images/Art_P40.jpg
i

8

il iR

2

nafdntoifilaslaindingedsnn






OEBPS/images/Art_P24.jpg
Number-of cran

180
1e0
140
12
100

0

Number of crab

0
a0
20

60

50

a0

I3

)
o3
Carapace range of C. sfinis cm)

(@)

@]

<4041

o |-
b

¢

V¥
Garapace range of C. anisoden cm)

(b)

<10

<1om





OEBPS/images/Art_P23.jpg





OEBPS/images/Art_P41.jpg
]

Decolorization (%)
3

3

Incubation (day)





OEBPS/images/Art_P9.jpg
pH

TDS (g

s 0 @

SR AT A N

NDJFMAMUJUJIASO

—o—Stations 1 —m—Station 2 —=— Station 3

120
100
80
60
40
20

0+

(@)

N DJFMAMUJIJ A SO

—e—Stations 1 —®—Station 2 —4— Station 3

(b)






OEBPS/images/Art_P58.jpg





OEBPS/images/Art_P32.jpg
(g) Charybdis anisodon (h) Matuta victor

(i) Portunus sanguinolentus () Charybdis feriatus

10

(k) Charybdis natator (1) Charybdis helleri





OEBPS/images/Art_P8.jpg
Phosphate (UM) in pore water

0.10
0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
001
0.00 +

o

J

FMAMUJ J

——S1 —8-S2 —+—S3

()

A S O





OEBPS/images/Art_P33.jpg







OEBPS/images/Art_P50.jpg
°Bintulu

e SARAWAK |









OEBPS/images/Art_P25.jpg
e

2

[

e

o

o

‘Carapace range of . pelagicus (cm)

(c)

LIHlHI..

5

8 8 & ®
i ANy

0

5

o

[

eizic

ok

o8

ee

oS

ro<

o9<

ere

o<

Carapace range of S ransquebarica (cm)

(d)






OEBPS/images/Art_P42.jpg







OEBPS/css/page-template.xpgt
                       



OEBPS/images/Art_P16.jpg
sample Monsoon season Dry season
November  December January February March il
Negative Negalive Unidenified fluke  Strongyloides  Entamoeba spp. Entamoeba spp.
Pegaga Strongyloides larva Blastocystis spp. Strongyloides larva
lava Strongyloides larva
Diphyliobothrium egg
Unidentified fluke
Kangkung Negative Negalive Negative Negative Negative Negalive
Daun kesum Unidentified ~ Unidentified  Unidenified fluke ~ Unidentified  Unidentified fluke Negative
fluke fluke fluke
Belimbing Negative Negative Negative Negative Negative Negative
Jambu air Negative Negalive Negative Negative Negative Negalive
Jambu batu Negative Negalive Negative Negative Negative Negative






OEBPS/images/Art_P32a.jpg
ABCH

(m) Atergatis integerrimus (n) Myomenippe hardwickii

5 5

ale \ H fle
RI R | En | Ha

clolelr
En

(0) Valuna litterata (p) Hyastenus diacanthus

alslc|ple|Fls|H| 1]y
RI| En |Ha| Po

(q) Podophthalmus vigil





OEBPS/images/Art_P59.jpg
o smuwniﬁ
A
] >
e






OEBPS/images/Art_P56.jpg





OEBPS/images/Art_P2.jpg
‘Spacies NO. DE A FE_ MR AP MA_ N W AU SE  OC
Stafions 2 3 2 3125123123 1253512312312312312312
Rhodophyta

C. ogasawaraensis " ‘

iy _— = =i = M s Flene T f - =W o S S Mo S s mie 2
G, adnaorons ‘ ‘ ‘

{King et Putlock) - B e ¥omiom ¥t ¥ = o0 5 aolis = i = N mes ¥ s
C sipitata ‘

{2k - - B T e L B I I e
Sl g5 s sl 5 mam ¥ sl = cilhe o Wi 5 Wese § sos § s = o

(LAWes, S Loiseaux
de Goer, G.C Zuccarrcio)
Hypnea sp. (Esper)

4V Lamouroux

Chiorophyta
C. minima (C.Agardh)

Ghastomorpha sp
(€ Agardh)

Phacophyta
Dietyoa sp. (Hudson)
Lamouroux.






OEBPS/images/Art_P13.jpg
Dictyota sp.
[Bostrychia anomala

Caloglossa stipitata

Nitogen
Total Phosphorous X

(NO3) RW
_x_PODPW

i ~+(NO3) PW

i Dilsalved Oxygen





OEBPS/images/Art_P39.jpg
Mo-biue production (%)

g &

- 8 &8 8 8

FCES IS

Hiavaeiats





OEBPS/images/Art_P26.jpg
Zbe

Lo

or6e

(o

i

|I‘Il-
H

eze

zie

s 35888868 -°

D30 N

Carspace range of T. crenata (cm)
(e)





OEBPS/images/Art_P30.jpg
0 0+ H
BgouseLLzZs EEE TR E R
(0) Valuna litterata (p) Hyastenus diacanthus

5

2BBEILIRFES

) Podoolsthakns vl

0





OEBPS/images/Art_P60.jpg
Total number of roent incividuals caplured (number of sea collected for ELISA test)
‘Specis e (Carmcn name) Fesktenial areas” Foresied areas”

WK s us i s e swe & W o

BT
Callscins ot (Pantain sqiel) 6 o o 0 s W o o o
Callscinus provest Provosts sqie) 6 o o 0 1w o o o o 10
Dremomys sversts (Borean mountan ground squite) 6 0 0 0 o o 1w 0 3V 4O
‘sundaseurus own (Lows squie) © 0 0 0 o o 0o o w1

Virdae
Loopakdamys sabanus (Long atod gart ) o o o 0 o o o o s &
Maxamys baeoson (Smallspny ) © 0 o o o @ o o o 1
Masomys ohracoivrdor (Crestnu alied spin ) o 0 o 0o o 4@ o o o 10
Maoxamys surder (Red spin at) o 0 o o o o o o A 20
Maxomys whiotaach (Whtehear's i) o 0 0 0 0 o 4 i W 6
Nuisenircramoiverier (Darcaied ree et o 0 0 o o o o o AW 3w
Pnivonier i (Longtaled mounian o) ° o0 o o0 o o o o i 10
Rattuscxdars (Poynesin at) 5 o o 0 o o 0 AN W 3@
Rattus ratu (House ot s ® 2@ @ @ 0 0 4 0 4
Fatustormanicus (Wolayeian ol rt) © o @ 0 o o o o o 4
Sundamys muston aruters i) O an sy w0 am o o)
Tom 53 200 &9 _NE)_200) 4 b@ e e i)

Noos:Four rsdrta areas in Suravak (KK, Ktuean Kraf Vilage, Seian; SE, Sebayor Viage, Kot Samarahan; US, Seran Ula Vilage, Baong, and BH, Bako
il Vilage. Kuchng)
iy foreted a1eas In Saraak (6, Sama Jaya Naturs Reserve; SNP. Saniubong NationalParkc S, Samursa Wicife Sancuar, SF, Samarahan foest; and
M, Mt Paariseany.





OEBPS/images/Art_P43.jpg
‘Common Name / %Crude % Crude % Crude

Fruits English Name Protein Fibre Fat %ah

Mean S0 Mean SO Moan S0 Mean SO

Arenga Sugarpam, Arengs 353 010 2585 303 167 137 764 035
pinnata paim, Aren paim,
Black fiore pam,

Gomuti peim, Aren,
E nau, Irok, Kaong.

Arecacatechy  Arecapaim, arca 320 020 5273 330 140 048 376 0.8

ot paim, btel

paim, Incion ru,

Finang paim
Tominalia Sengal aimond, 986 020 276 269 097 077 583 012
catappa Gourlry amenc,

Indien aimend,

Nalabar amor)

Sea amond,

Tropical amond
Etaois olpam 250 000 9w 0% w2 177 A7 aw
guinsensis
Lagorstroomia  Quean 415 008 3 1605 107 086 385 066
tomeniosa fonerwhte

crape myi, Loza
Mangiera Nango sa2 o4 s s 11 051 305 080
nda
Cascavela Yelow ciesrder, 544 006 961 089 313 055 653 060
inovetia Lucky nut
Mntingia samaancnery, 652 107 1843 250 1047 049 518 085
calabur Panama bery,

Singapore cherry,

Stawerry ee
Musa sp Banena 4@ 02 27 28 0% 021 348 080
Arocarpus Jacklee, Jacduit 373 043 362 120 065 061 357 118
‘netorophyus
Fcus tincoria Dyefig Humpedfg, 827 025 3. 088 268 070 714 080
ssp gitbosa Stranglerfi P
Fieus Chinese Banyen, 667 068 3624 255 268 04T 645 030
‘mierocerms Nalayan Banyan,

Taiwan Banyan.

Indien Laure,

Curtan f,

Gajumans






OEBPS/images/Art_P14.jpg
Sulphur

: (NOF) PW
(NH4)RW N





OEBPS/images/Art_P57.jpg





OEBPS/images/Art_P1.jpg





OEBPS/images/Art_P27.jpg
ek

Brachywan Consumed/sols
W

Brachyuran-Non-
target

Brachyuran-Target
2%





OEBPS/images/Art_P61.jpg
SRR, - RGN Mt (1)
Prevalence rate (%) = ———————————x 100

Tokalnio: of simalk ()





OEBPS/images/Art_P44.jpg





OEBPS/images/Art_P31.jpg
200

100

() Clibanarius infraspinatus

100

d 228

200

(c) Thalamita crenata

1000

500

00

< [ 131

(d) Portunus pelagicus






OEBPS/images/Art_P10.jpg
g
g
5
g
§
g
E
H
H
3
=

34
32
30
28
28
24

200

NDJFMAMUJJASO

—+—Stations 1 —@—Station 2 4 Station 3

(©

NDJFMAMUJUJ ASO

—o—Stations 1 —#—Station 2 —4— Station 3

@

A o

NDJFMAMUJIJ A SO

—+—Stations 1 —#—Station 2 —+— Station 3

(e)






OEBPS/images/Art_P28.jpg
800

100

300

150

300

150

268

EEEE-R RS R

(a) Clibanarius infraspinatus

104
139

il
147

gus¥sEss

(¢) Thalamita crenata

600

400

2B8ouSELL3E
(b) Clibanarius virescens

300

150

28828 LLez3s

(d) Portunus pelagicus

28BS Lrz3

) Sl Harsatebania.

3





OEBPS/images/Art_P37.jpg
Abs 750 nm

20

15

10

05

00

40
Molybdate (mM)

80





OEBPS/images/Art_P53.jpg
T LY





OEBPS/images/Art_P5.jpg
PRLTOGEN ()

Vanhy
0700
0600
0500
0400
0300
0200
0100
0000

7 g

Catiliin. im0 WSO

N

o

F

M AMUJJASO

—+—Station 1

—=—Station2_—+Station 3

(d)





OEBPS/images/Art_P54.jpg
Depth (Metres)

S, i ey’ Staum|  Stam il Stratum i

2050 50100 100200
BUCGINOIDEA _ BUGGINIDAE ‘Aeneator compius (Finay. 1824) - = B
FASCIOLARIDAE  Fusinus colus (Linnaeus, 17568) - . =
conoEA CONDAE Conus prascaflens (Acams, 1855) - . B
TURRIDAE Gormmula speciosa (Reeve, 1643) - - .
CYPRAEOIDEA  CYPRAEIDAE  Erosara miars (Gmeiin, 1781) - -
Erronea pulcheila (MeNvil & Standen, 1904) = =
Leporicypraca mappa (Linnzevs, 1758) . = 5
ovuLIDAE Vova voiva (Limnaess, 1758) = . -
FICOIDEA FICIDAE Ficus flosa (Soweroy, 1892) = - =
MURICOIDEA HARPIDAE Harpa artculars (Lamar, 1822) . = =
MURICIDAE Murex aduncaspinosus (Sowerby, 1641) = . .
Murs concionus (Reeve, 1845) - -
Murex temispina (Lamarok, 1622) - -
VOLUTIDAE Meto melo (Lghfoot, 1786) . . .
STROMBOIDEA  ROSTELLARIDAE  Tibva fusus (Lnnaous, 1758) . e =
TONNOIDEA CASSIDAE Cassis cormuta (linnaeus, 1758) . = s
Phatum glaucum (Linnaeus, 1758) - - B
‘Semicassis glabrata (Ounker, 1852) - . i
RANELLIDAE  Ranularia caudata (Gmelin, 1791) - . .
Reticutrton pfeiforarus (Reove, 1844) - . &
TonNDAE Tomna gaiea (Linnaous, 1755) - - .
Tomma tesseliata (Lamarck. 1816 & - -
XENOPHOROIDEA XENOPHORIDAE _ Stelaria solaris (Linnasus, 1764) - s =
() Present, ) Absent Total B & 7






OEBPS/images/Art_P36.jpg
Abs 750 nm

20

05

00

.-

10

20 20
Phosphate (mM)






OEBPS/images/Art_P19.jpg
Species Plot
2011 A 5 c ) E_ Totl %
Calamus castaneus 4 21 16 3 12 3%6 28
Calamus densifiorus 36 7 0 15 61 41
Calamus diepenhorsti 2 0 6 2 55 37
Calamus insignis 6 1 5 0 12 08
Ceratolobus subangulatus 51 4 3 6 L4 45
Daemonorops angustifolia 0 303 8 0 19 405 270
Daemonorops calicarpa 3 3 2 13 59 100 67
Daemonorops geniculata 0 3 4 0 5 12 08
Daemonorops micracantha 0 4 2 5 267 298 19.9
Korthalsia rigida 00 1 2 9 0 32 21
Myrialepis paradoxa 0 0 10 0 0 100 67
Total stem number 131 451 351 44 521 1498 1000
Percentage (%) 86 301 238 28 347 1000

Diversity (H) 155 088 163 179 141

Evenness (E) 079 043 071 092 068

Species Richness () 7 8 10 7 8 11

2013

Calamus castaneus 5 132 122 3 151 413 303
Calamus densifiorus 37 0 10 o 2 67 49
Calamus diepenhorsti 2 0 8 33 64 a7
Calamus insignis 6 1 5 12 09
Ceratolobus subangulatus 68 6 a 91 67
Daemonorops angustifolia (LT S} 0o 2 25 180
Daemonorops calicarpa 3 3 7o 7 105 77
Daemonorops geniculata 0 3 6 0 5 14 10
Daemonorops micracantha 0 7w 6 251 302 22
Korthalsia rigida 6 4 2 13 0 2 18
Myrialepis paradoxa 0 0o 2 0 0 2 18
Total Stem Number 148 310 286 49 570 1363 1000
Percentage (%) 109 227 210 36 418 1000

Diversity (H) 145 107 165 184 151

Evenness (E) 073 055 072 094 073

Species Richness (S) 7 7. 10 % 8 11
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y=axth a b
Relationship between CL and CW
Aceh CW =0.890CL - 0.267 (p<0.001) 096 i
Bengkulu CW =0.899CL - 0.330 (p<0.001) 095
Aceh CW =0.890CL - 0.267 (p<0.001) 096 5
Gilacap CW =0.817CL + 1.285 (p<0.001) 081
Aceh CW =0.890CL - 0.267 (p<0.001) 096 btbs
Yogyakarta CW =0.804CL + 1.395 (p<0.001) 077
Bengkulu CW =0.899CL - 0.330 (p<0.001) 095 perchel _
Gilacap CW =0.817CL + 1.285 (p<0.001) 081 bi=:
Bengkulu CW =0.899CL - 0.330 (p<0.001) 095 btbs
Yogyakarta CW =0.804CL + 1.395 (p<0.001) 077
Gilacap CW =0817CL + 1.285 (p<0.001) 081 o
Yogyakarta CW =0.804CL + 1.395 (p<0.001) 077 -
Relationship between CL and PL
Aceh PL = 0.469CL - 0.226 (p<0.001) 088 b
Bengkulu 4B4CL +0.327 (p<0.001) 088 %
parallel
Aceh 469CL - 0.226 (p<0.001) 088 .
Gilacap 0.449CL +0.199 (p<0.001) 087
Aceh PL = 0.469CL - 0.226 (p<0.001) 088 at12.909
Yogyakarta PL =0.381CL + 1.362 (p<0.001) 076 non-parallel mm-CL
Bengkulu PL = 0.454CL + 0,327 (p<0.001) 088 b
Gilacap PL = 0.449CL + 0.199 (p<0.001) 087 parallel
Bengkulu 4B4CL +0.327 (p<0.001) 088 at14.178
Yogyakarta PL = 0.381CL + 1.362 (p<0.001) 076 mm-CL
non-parallel
Gilacap PL = 0.449CL +0.199 (p<0.001) 087 at17.103
Yogyakarta PL = 0.381CL + 1.362 (p<0.001) 076 mm-CL
Relationship between CL and DL
Aceh DL = 0.409CL - 0.957 (p<0.001) 0879 at14959
Bengkulu DL =0.336CL +0.135 (p<0.001) 0.865 mm-CL
Aceh DL = 0.409CL - 0.957 (p<0.001) 0879 at12851
non-parallel
Gilacap DL = 0.335CL - 0.006 (p<0.001) 0.856 mm-CL
Aceh DL = 0.409CL - 0.957 (p<0.001) 0879 at14495
Yogyakarta DL = 0.318CL + 0.362 (p<0.001) 0.681 mm-CL
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Year Pt A B € D E A B C D E

2011 A - 0921 0913 0669 0849 - 0951 0952 0509 0890
B 0921 - 0484 0911 0678 0951 - 052 0953 0685
C 0913 0484 - 0863 0578 0952 052 - 0942 0569
D 0669 0911 0863 - 0893 0509 0953 0942 - 0930
E 0849 0678 0578 0893 - 0890 0685 0569 0930 -

2013 A - 0930 0876 0706 0833 - 0953 0923 0598 0881
B 0930 - 0262 0889 0573 0953 - 0282 0945 0514
C 0876 0262 - 0845 0493 0923 0282 - 0927 0426
D 0706 0889 0845 - 0900 0598 0945 0927 - 0936
E 0833 0573 0493 0900 - 0881 0514 0426 0936 -
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