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Abstract

“WU-TRF Collaborative for Development of the Area Based Research Project”
under the second contract, incorporated into Institute of Research and Development
structure, is a crucial driving force of Walailak University research to meet the
demand of Nakhon Si Thammarat Province. The research scope covers the
occupational supports, natural resources and community health with the focus area
in Pak Panang Basin. The research project is encouraged to cross-discipline through
research unit, developed with community as well as government sectors and then
assessed. Six research projects, mainly on dengue fever, were granted in 2014 and 13
research projects, mainly on native rices, were granted in 2015. The remaining budget
was subsequently used to support other 11 research projects in Pak Panang Basin. In
additions, “WU-TRF Collaborative for Development of the Area Based Research
Project” has developed the supporting system for Area Based Collaborative (ABC)
research in both institutional and network levels. The system is designed not to
polarize between the socially engaged research and the purely academic research
but to give them appropriate supports and values. The purely academic research is
linked to innovation served community whereas the socially engaged research is
aimed to publish in the international journals. However, the number of publication
from the research grants has been below the target and the course for new
researchers has not been organized. The latter is compensated by the research unit

structure and the new researcher course by National Research Council.
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Seasons and Mosquito Larval Prevalence in Lansaka District, Nakhon Si Thammarat, Thailand
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Abstract

This study investigated the effect of seasons on the number of mosguito larvae in Lansaka district, Nakhon Si
Thammarat, Thailand. We selected randomly 300 households in five sub-districts (i.e. Khaokaew, Lansaka, Thadi, Kamlon
and Khunthale; 80 houses in each sub-district} to collect mosquito larvae from all indoor and outdoor containers both in dry
and wet seasons. We identified each mosquito larva up to genus or species level under stereo microscopes, and counted
the number of larvae. We found four mosquito larva species (Aedes aegypti, Ae. albopictus, Culex spp., and Mansonia spp.)
in dry season, and five mosquito larva species (Ae. aegypli, Ae. albopictus, Culex spp., Toxorhynchites spp., and Armigeres
spp.} in wet season. We observed that, Ae. albopictus larvae were higher in numbers in wet season than in dry season, but
Ae. aegypti larvae numbers did not vary between seasons. While numbers of Culex spp. were higher in dry season than in
wet season. In dry season, Ae.albopictus larvae were found mostly in used cans, bio-fermented tanks and coconut shells,
Ae. aegypti larvae were found mostly in plastic cement mixer tubes, bio-fermentation tanks and used bowls, Culex spp.
larvae were found mostly in plastic cement mixer tubes, plant plates, bowls, and Mansonia spp. larvae were found mostly in
used pots. In wet season, Ae. albopictus larvae were found mostly in used bowls, used cans and flower pot saucers,
Ae. aegypli larvae were found mostly in plastic cups, plastic bucket and small earthen jars, Culex spp. larvae were found
mostly in plastic cement mixer tubes, areca nut jars, and preserved areca jars, Toxorhynchites spp. larvae were found
mostly in plastic bucket, small earthen jars, and Armigeres spp. larvae were found mostly in used bowls, plant plates and
refrigerator drainages. The House Index (HI} and Breteau Index (Bl) for Aedes spp. were »5% and >20%, respectively in all
sub-districts both in wet and dry seasons. This result indicates that Lansaka district has a high prevalence of dengue fever

according to the WHO standard for dengue fever.
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Dengue, Dry and wet season, Lansaka district, Mosquito larvae species, Nakhon Si Thammarat.
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Development of Advanced Analytics Prototype for Dengue Disease Surveillance: a Case Study
at Lanska District, Nakhon Si Thammarat
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Abstract

Dengue Disease Surveillance requires integration of data from various sources including processed and reported
data. Current developments on Cloud computing and storages are very supportive for this kind of integration. Advanced
Analytics Prototype for Dengue Disease Surveilance (AAPDDS)provides a set of essential tools for querying, analysing,
forecasting, and visualising patterns of mosquito larval distribution in Nakhon Si Thammarat, Thailand. Open standard GIS
was implemented to benefit Google Earth™ Geographic Information System (GIS) visualisation. Data can be shared to
central data processing unit via cloud storage technology, creating freedom choices for data entry, e.g. XLS, and cloud-
based spreadsheets like Google Sheet™ .The system was designed to be used by two user groups: researchers and the
general public. Data analysis tools allow users to be able to calculate mosquito larval indices (i.e. House Index (HI),
Container Index (Cl} and Breteau Index (Bl)) real time online. GIS tools is used for displaying the number of mosguitolarvae
in three dimensions on Google Earth and through these bar charts, people will be able to identify high and low dengue risk
areas. This system will be helpful for public health decision making, health risk management and community health

education.
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Advanced Analytics Prototype, mosquito larval distribution, Dengue disease surveillance, Mathematica, Google Earth™
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“One Tumbon One Product” project has been advocated in rural development strategy by
Thai government since 2001. The Thai Community Product has arranged to control the quality
of products. Foods are the most productive local product, thus the microbiological standard is
the most important standard (or quality control. The aim of this study was to determine micro
biological quality of food products in Pakphanang, Nakhon Si Thammarat. Eighteen samples of
community products were randomly collected from Roi-Pee Market or OTOP’s boot at Nakhon
Si Thammarat International Airport. They including 5 samples of Tai Pla, 1 sample of dried-
shrimp, 1 sample of Kung-Som, 1 sample of dried-squid, 1 sample of Kapi (shrimp paste), 2
samples of shampoo, 1 sample of bird nest, 4 samples of Khanom La, 1 sample of Nam Prik
Pao (Thai chilli paste) and 1 sample of Mun Kung. Methods of microbiological tests were
performed according to the community product standard of each sample type. The results showed

that sixteen samples (88.89% ) passed Whereas 2 samples (11.11%) did not pass. The samples

did not pass due to the problem of total microbial contamination.

Keywords: Microbiological quality, Local products, Pakphanang
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The Participation of rice
farmer at Pakpanang Basin in
maintaining identity of native rice

Rungrawee Jitpakdee' and Sunsanee Wongsawat”

Field : Cultural tourism Abstract
management

Pakpanang Basin areas is the land of plenty and bread basket
where has been civilized for more than hundred years. However, nowadays
rice farmers who plant native rice lacking of motivation to produce effec-
tively even though they know how to do it well. The reason is that the price
of native rice which is produced elegantly is not different from immigrated
rice which is planted generally. Therefore, this study will be the important
activities in reviving the way of life of local rice farmers and presenting the distinc-
tive identity of native rice. Consequently, native rice farmers will be proud in their
native rice and can transmit this cultivation to the next generations in Pakpanang
and the public.

This paper demonstrates the farmer’s calendar, the culture of native rice
farmers, and the dominant feature of native rice. Later, the researchers will create the
presentation in the form of cultural interpretation from the data collection. Participatory
Action Researchis used in this study. The interviewing and local participation workshop
were used to find the identity of native rice and to make the rice farmer's calendar.
Four sub-districis are selected including Pakprek, Thapaya, Kanapnak, and Banpemg
to be the sample areas of Pakpanong Basin and the key persons who have in-depth
knowledge in native rice in 4 sub-districts are selected by snowball method.

It found that the native rice of Pakpanang Basin has been inherited from
past until now. In this study, local community made referendum to select the type of
native rice as their own dominant native rice of the area. It shown that Luklai native rice
belonging to Pakprek sub-district, Yako native rice belonging to Thapaya sub-disfrict,
Kabdam native rice belonging to Kanapnak sub-district, and Yumnoon native rice
belonging to Banperng sub-district. The native rice in each area has both difference
and similarity depending on the factors of geography, and the activities in consumption.
The commonidentity of the four native rice is planting under natural season. They can
be planted only one life in a year. They will be grown up by natural resources without

Rungrawee Jitpakdee chemical fertilizer. They stand to pests. Using participatory action research method

Head of research team resulted that local rice farmers decided o conserve the native rice and its culture in
Tourism Industry Program,

School of Management
Walailak University
Email: rungrawee.wms@gmail.com

particularly, the ceremony of worship the goddess of rice. Moreover, they committed
to pass their native rice culture to the new generations with the reason of sustaining

and maintaining their cultural heritage.
Keywords : Native rice, Rice farmer, Pakpanang Basin, Identity

1
Ceputy Dean, School of Management and Lecturer of Tourism Industry Program, Walailak University
2 Lecturer, Faculty of Humanies and Social Science, MNakhon Sr Thammarat Rajabhat University
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H HO0010: Aedes, Culex and Mansonia spp. MOSQUITO LARVAL PREVALENCES
IN NAKHON SI THAMMARAT, Thailand

Anantanit Chumsri.' Fahmida Wazed Tina,' Mullica Jaroensutasinee,'* Krisanadej
Jaroensutasinee,’ Yaowarat Sririsathitkul®

Centre of Excellence for Ecoinformatics, School of Science, Walailak University, Nakhon 8i
Thammarat 80160, Thailand
*School of Informatics, Walailak University, Nakhon Si Thammarat 80160, Thailand
*e-mail: mullica. jni@gmail.com

Abstract: This study investigated the prevalence of Aedes aegypti, Ae. albopictus, Culex and
Mansonia larvae in Lansaka district. Mosquito larval samples were collected from 60
households in five sub-districts (1.e. Khaokaew, Lansaka, Thaidi, Kamlon and Khunthale)
with a total of 300 houscholds. Types of indoor and outdoor water containers differed
significantly among different 5 sub-districts. de. albopictus larvae were found mostly in plant
plates, used cans and used bowls, de. aegypti larvae were found mostly in bio-fermentation
tanks and plastic cement mixer tubes, Culex spp. larvae were found mostly in plant plates,
bio-fermentation tanks, plastic cement mixer tubes, used pots and vsed cans, and Mansonia
spp. larvae were found mostly in used pots. House Index (HI) for Aedes spp. was >5% in all
sub-districts, and Breteau Index (BI) was>20% for de. Albopictus in Khaokaw, Lansaka,
Thadi, and Kamlon, and >20% for Culex spp. in all 5 sub-districts, indicating that all sub-
districts are dengue sensitive.

Introduction: Mosquitoes are commonly known to pose a significant threat to public health.
The biodiversity of mosquitoes is very evident, with many genera having worldwide
distribution and some general with limited or endemic distribution’. Mosquitoes are the most
important group of insect vectors of human diseases such as malaria, chikungunya, filariasis,
dengue and Japanese encephalitis®. Mosquito-borne illnesses represent an enormous burden
of disease on a global level, and have been a menacing threat to mankind since early
civilisation. Annually, nearly 700 million people are afflicted with diseases transmitted by
mosquitoes®. The container habitats have unique ecological properties and these habitats
could be natural such as tree holes and leaf axils or artificial such as tyres, plastic cups and
water tanks'. Aedes aegypti, Ae. Albopictus and Culex quinguefasciatus are the most
predominant species among the container breeding mosquitoes’. These mosquitoes are
important from the public health perspective as they include disease vectors as well as
potential biological control agents. Aedes aegypti is the primary vector of dengue® whereas
Ae. albopictus is the vector of many arboviral diseases including dengue and chikungunya”®.
Culex quinguefasciatus is the vector of lymphatic filariasis, Japanese encephalitis virus, West
Nile virus and the secondary vector of western equine encephalitis virus®. Container-type
habitats are usually divided into natural (tree-holes, bamboo, leaf axils, rock-pools, ete.) and
man made or artificial sources (water tanks, bottles, tires, flower vases, etc.)m. Larval control
(source reduction or suppression) has been identified as one of the most effective methods
for the control of mosquito borne diseases'’.

In Southern of Thailand the outbreak of mosquito borme disease is one of the major
problems which seemed to be a global issue as well. In year 2014, there are 11,966 cases of
Dengue Hemorrhagic Fever (DHF) in southern Thailand, with 16 deaths. Nakhon Si
Thammarat province is located in southern Thailand (Figure 1). In 2014, 3.063 incidences of
dengue cases were reported in Nakhon 81 Thammarat. This study examined how key
breeding sites of four mosquito larvae vary among subdistricts. We selected five sub-districts:
Lansaka, Khaokaew, Thadi, Kamlon and Khunthale in Lansak district, Nakhon Si Thamarat.
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Methodology:

Study site: Mosquito larval survey was conducted in Lansaka district, Nakhon Si Thammarat
province, southern Thailand (8.407002 °N and 99.76891 °E) (Figure 1) in Aprl 2015.
Lansaka District is one of 23 districts of this province. They have five sub-districts: Lansaka,
Khaokaew, Thadi, Kamlon and Khunthale. Lansaka district has 44 villages, 11,427
households and 43,056 people'?. This district has an area of 342.90 km?. Samples were
collected in households from all sub-districts in Lansaka district using stratified simple
random sampling'®. There were 60 households per sub-district, with a total of 300 households
in this study.

Lansaka
District .

"4 - y¥akhon Si Thammarat
ce

P 1{;1/

Study area

Figure 1. Location of the study site. Lansaka, Khaokaew, Thadi, Kamlon and Khunthale sub-
districts in Lansaka district, Nakhon Si Thammarat province, Thailand

Entomological studies: Larval collections were carried out indoor and outdoor water
containers. Indoor water containers were small earthen jars, large earthen jars, cement tanks,
plastic tanks, ant-guards, flower vases, refrigerator drainages, bowls, and animal pans that
were found inside of houses. Outdoor containers were small earthen jars, large earthen jars,
cement tanks, plastic tanks, bowls, plant pots, plastics bottles, used cans, discarded tyres,
plastics cement mixer tubes, metal lids, flower pot saucers, plant plats, areca nut jars, used
foam boxes, bio-fermentation tanks, plastics cups, coconut shells, used bowls, used pots,
preserved areca jars, areca husks, banana trees, tree holes and bamboo clumps, that were
found within 15 m outside of the houses.

Mosquito larvae were collected from all water containers by using fishnet'* of 0.55
mm mesh size. All live mosquito larvae were collected in plastic bags, brought to the Vector
Borne Disease Control Centre, 11.2 Nakhon Si Thammarat laboratory, preserved and
identified up to species and/or genus level using Rattanarithikul and Panthusiri’s'® keys. In
this study, the first, second instars and pupae were discarded because immature mosquitoes at
these stages could not be identified. Plastic water containers were divided into two categories:
plastic tanks used for water storage (=100 L) and plastic bottles (i.e. 0.5-2.0 L water bottle).
Earthen jars were classified into two categories: small earthen jars with a volume of <100 L
and large earthen jars with a volume of >100 L. Three larval indices (i.e. house index (HI),
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container index (CI) and Breteau index (BI)) were calculated as per standard WHO
euidelines. HI has been widely used to calculate the presence and distribution of Aedes spp.
populations in a given locality. However, the HI does not take into consideration the number
of positive containers per house. CI only provides information on the proportion of water
containers that are positive. On the other hand, the BI establishes a relationship between
positive containers and number of houses. Hence, the Bl is considered the most useful single
index for estimating mosquito larvae density in a location. The BI and HI are commonly used
for the determination of priority (risk) areas for control measures. Generally, either HI of
greater than 5% or Bl of greater than 20 for any locality is an indication that the locality is
dengue-sensitive. For epidemiological purposes, the HI is extremely important and indicates
potential spread of virus through an area once an infected case becomes established'®,
Statistical analysis: All data were tested for normality using the Komogorov-Smimov test.
Differences in the numbers of different species mosquito larvae from different sub-districts
were tested using crosstab chi-square test, and differences in the numbers of different species
mosquito larvae from each sub-district was testes using chi-square test. The numbers of
households with containers containing mosquito larvae among five sub-districts were
analysed using one-way ANOVA tests and Post-hoc tests with Bonferrom adjustment. All
significant tests were two tailed.

Results and Discussion:
Indoor and outdoor water containers: For indoor containers, there were four indoor water
containers (large earthen jars, ant-guards, animal pans and plant pots) that differed among
five sub-districts (Table 1). Households with large earthen jars were found mostly in
Khunthale sub-district, and with ant-guards, animal pans and plant pots were found mostly in
Kamlon sub-district (Table 1). For outdoor containers, there were five outdoor water
containers (plastics cement mixer tube, discarded tyres, earthen jars, used cans and bio-
fermentation tank) that differed among five sub-districts (Table 1). Households with large
earthen jars were found mostly in Lansaka, Thadi and Khunthale sub-districts. Households
with discarded tyres mostly found in Khaokaew and Thadi sub-districts. Households with
plastic cement mixer tube mostly found in Khaokaew sub-district. Households with bio-
fermentation tank mostly were found in Thadi sub-district. Households with used cans mostly
in Lansaka, Kamlon and Khunthale sub-districts (Table 1).

Ae. albopictus larvae

Ae. albopictus larvae were found in small earthern jars, large earthern jars, cement
tanks, plastic tanks, animal pans, flower vases, refrigerator drainages, used cans, discarded
tyres, plant plates, metal lids, ant guards, coconut shells, bio-fermentation tanks. plastic
cement mixer tubes, used pots, plastic cups and used bowls (Figure 2a).

Aedes aegypti larvae

Ae. aegypti larvae were found in small earthern jars, large earthern jars, cement tanks,
plastic tanks, animal pans, flower vases, refrigerator drainages, used cans, discarded tyres,
metal lids, ant guards, bio-fermentation tanks, plastic cement mixer tubes, used pots and used
bowls (Figure 2b).
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Table 1. The number of households (X + SE)that had indoor/outdoor water containers in
five sub-districts, Nakhon Si Thammarat (*P<0.05, **P<0.01, ***P<(.001)

The number of households (/? +SE)

Container types

Khaokaew Lansaka Thadi Kamlon Khunthale Statistical test
Indoor
Small earthen -~
s 023£07 | 0332007 | 0424009 | 0.1740.06 | 0.43+0.08 Faos=2.367
J.L;zge carthen 0.02£0.02° | 0.2520.06" | 0.1720.05" | 0.08£0.04* | 0.42£0.06° | Fyzs=10.790""
Cement tanks 062:0.09 | 0372007 | 040007 | 035:008 | 0432008 Frags = 1.807
Plastic tanks 0.6550.12 | 0.97%0.15 | 0.7040.14 | 0.98+0.14 | 0.88+0.10 Fuaos = 1.355
Ant-guards 0.10+0.04% | 0.05+0.03® [ 0.00+0.00° | 0.18£0.05* | 0.07+0.03® Flia95=3.916"
Flower vases 0.03£0.02 | 0.00=0.00 | 0.00+0.00 | 005003 | 0.0220.02 Frags = 1.449
Refrigerator 0.1740.05 | 0.18£0.05 | 0.1340.04 | 0204005 | 0.030.02 Faags=2.171
drainages -
Bowl 0.10£0.05 | 0.00£0.00 | 003002 | 003002 | 0.130.06 Frazs= 2302
Animal pans 0.00£0.00° | 0.0320.02° | 0.0220.02 | 0.37%021° | 0.0720.03° Faes = 2515
Plartt pots 0.00+0.00° | 0.00+0.00° | 0.02+0.02° | 0.10+0.04° | 0.00+0.00° Fazes = 5.238.
Outdoor
Small earthen _
s 0.70£0.14 | 0.67:0.13 | 0604011 | 0604013 | 0432000 Fl205=0.709
J.Iﬁge earthen 0.2320.06% | 0.4240.09* | 0404007 | 0.1240.04" | 0.40+0.06° Fy205=3.468"
Cement tanks 038008 | 0322006 | 0324007 | 030009 | 053000 Tazes —1.432
Plastic tanks 0.3500.07 | 0.38%0.09 | 0.4840.07 | 0.3240.10 | 0.62+0.09 Fazes =1.842
Bowls 0.00£0.00 | 0.0320.02 | 0034002 | 0024001 | 0.0320.02 Faz05 =0.580
Plastic bottles 0.05£0.02 | 0.02=0.01 | 0.00£0.00 | 002001 | 0.03=0.02 Fle5 —0.947
Used cans 0.0720.03" | 0.1720.05° | 0.1320.04" | 0.0220.02° | 0.15£0.05° Faros 2544
Discarded tyres | 0.18 £0.05* [ 0.00+0.00° [ 0.18+0.05* [ 0.07+0.03° | 0.05+0.03 Flzos =4.747
Plastic coment | 1010 550 | 0.0360.02° | 0.07:0.03° | 0.02£0.01° | 0.00£0.00° | Fiaos=6.070""
mixer tube ’
Metal lids 0.020.02 | 0022002 | 0.00+0.00 | 0.000.00 | 0.0220.02 Fy295 =0.500
I:;S‘C”e‘:rspm 0.02+0.02 | 002002 | 0.00:0.00 | 0.02+0.0.02 | 0.00:0.00 Fazes =0.500
Plant plats 0.10:0.04 | 0.00=0.00 | 0034002 | 003002 | 0032002 Faes —2.107
Areca nut jars 0.03:0.02 | 0.02:0.02 | 0.0840.04 | 0.0340.02 | 0.0240.02 Fazos ~1.274
E;igsfoam 0.00:0.00 | 000£0.00 | 0.00:0.00 | 0.02x0.02 | 0.00:0.00 Fl205=1.000
Bio-
fermentation 0.05£0.03" | 0.0240.02° | 0.15£0.05° | 0.05£0.03" | 0.12+0.04* Fy95=2.588"
tanks
Plastic cups 0.05:0.03 | 0.00=0.00 | 0074003 | 0024002 | 0.03z0.02 Fane; =1.294
Coconut shells | 0.0520.03 | 0.00=0.00 | 0.0320.02 | 0.0720.04 | 0.02x0.02 Fyz0s =1.069
Used bowls 0.03£0.02 | 0.02+0.01 | 0.0740.03 | 0.0040.00 | 0.0240.02 Fruzos =1.1.481
Used pots 0.02:0.02 | 0.00=0.00 | 0024002 | 003002 | 0.0020.00 Fa295 —0.882
J.Par::e”ed aeC8 1 0.0020.00 | 0.00£0.00 | 0.00£0.00 | 0.0020.00 | 0.00£0.00
Areca husks 0.0060.00 | 0.0040.00 | 0.0040.00 | 0.0040.00 | 0.0040.00
Banana trees 0.00£0.00 | 0.00£0.00 | 0.00£0.00 | 0.00+0.00 | 0.0020.00
Tree holes 0.0040.00 | 0.00%0.00 | 0.0040.00 | 0.0040.00 | 0.00+0.00
Bamboo clumps | 0.0040.00 | 0.0040.00 | 0.0040.00 | 0.0040.00 | 0.00:0.00
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Culex spp. larvae

Culex spp. larvae were found in small earthern jars, large earthern jars, cement tanks,
plastic tanks, animal pans, flower vases, refrigerator drainages, used cans, discarded tyres,
plant plates, flower pot saucers, metal lids, ant guards, bio-fermentation tanks, plastic cement
mixer tubes, used pots and used bowls (Figure 2¢).

Mansonia spp. larvae

Mansonia spp. larvae were found in small earthern jars, large earthern jars, cement
tanks, flower vases and used pots (Figure 2d).
Mosquito larval species in different sub-districts: There was an interaction between sub-
district and the number of different mosquito larvae from different species (crosstab chi-
square: y;, =1259 840, P < 0.001) (Table 2). In Khaokaew, Lansaka and Thadi sub-districts,
Culex spp. larvae were the highest in numbers, but in Kamlon sub-district, Ae. aegypti larvae
was the highest in numbers, and in Khunthale sub-district, Ae. albopictus was the highest in
numbers (Table 2). Mansonia spp. larvae only found in Khaokaew, Lansaka and Kamlon sub-
districts (Table 2).
Larval indices: House Index (HI) for Aedes spp. was >5% in all sub-districts. Breteau Index
(BD) was >20% for Ae. Albopicts in Khaokaw, Lansaka, Thadi, and Kamlon sub-districts,
and was >20% for Culex spp. in all 5 sub-districts, indicating that all sub-districts are dengue
sensitive (Table 3).
Discussion: We found mosquito larvae in all five sub-districts from Lansaka district that have
important medical problems. During study we found four different types of mosquito larvae
(i.e. Ae. aegypti, Ae. albopictus, Culex spp. and Mansonia spp.), but did not find any
Anopheles spp. Similar results were observed by Promprao'’, who studied biodiversity of
mosquitoes at Khuan Kreang peat lands, Kreang Sub-District, Cha-Uat District, Nakhon Si
Thammarat Province.

Table 2. Mosquito larvae species and number of mosquito larvae from five sub-district in
Lansaka district, Nakhon Si Thamarat

Sub-districts | Mosquito larvae species and number of mosquito larvae | Statistical test
Aedes Aedes Culex spp Mansonia
aegypti albopictus spp
Khaokaew 286 498 1024 15 2 =1201.906 *
Lansaka 95 269 853 5 7 =1426.183 *
Thadi 205 279 335 - zs=31.150%
Kamlon 249 133 95 7 7 =249 578 %
Khunthale 160 745 230 - 2 =539.515%
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Figure 2. Four different mosquito larva species in different water containers. SE = small
earthen jars, LE = large earthen jars, CT = cement tanks, PLT = plastic tanks, AP = animal
pans, FV = flower vases, AG = ant-guards, PP = plant pots, RD = refrigerator drainages, UC
=used cans, DT = discarded tyres, PB = plastic bottles, BO = bowls, PLP = plant plates, FP =
flower pot saucers, ML = metal lids, AN = areca nut jars, UFB = used foam boxes, CS =
coconut shells, , BF = bio-fermentation tanks, PCM = plastics cement mixer tubes, UP = used
pots, PC = plastic cups, UB = used bowls,
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We observed that, four indoor containers (i.¢. cement tanks, plastic tanks, ant-guards,
and refrigerator drainages) and 15 outdoor containers (i.e. small earthen jars, large earthen
jars, cement tanks, plastic tanks, bowls, plastic bottles, used cans, discarded tyres, plastic
cement mixer tubes, metal lids, areca nut jars, bio-fermentation tanks, coconut shells, used
bowls, and used pots) contained 3 types of mosquito larvae (de. aegypti, Ae. albopictus and
Culex spp.). Among these outdoor containers, only five outdoor containers (i.e. large earthen
jars, cement tanks, bowls, used cans and discarded tyres) contained all four types of mosquito
larvae (Ae. aegypti, Ae. albopictus and Culex spp., and Mansonia spp.). Chareonviriyaphap et
al.'® found that, Ae. albopictus was common in outdoor, while Ae. aegypti were common in
both inside and outside of houses. Another study observed that, Ade. albopictus was more
common outside in open spaces with shaded vegetation and suitable breeding sites'”. Phong
and Nam® studied Aedes larval occurrence in Viet Nam and found that Ae. aegypti larvae
were mostly found in drums, jars, concrete tanks and discarded objects, but de. albopictus
larvae were mainly found in jars and discarded objects. Previous study studied Aedes larval
occurrence in Nakhon Si Thammarat, Thailand, and found Ae. aegypti and Ae. albopictus
larvae in six water storage containers (i.e. pot plants, animal pans, tyres, small water jars,
bathroom tanks and concrete tanks), where higher number of Ae. aegypti larvae were found in
water containers in bathrooms and concrete tanks than Ae. Albopicfusm. Another study
studied the number of Culex larvae in different types of indoor and outdoor containers in
three topographical areas, and found that culex larvae were found in small earthen jars, large
carthen jars, cement tanks, plastic containers, ant-guards, vases, ormnament plant pots and
refrigerator with plates and metal boxes™.

It was important to calculate the larval indices for five sub-districts in this study to
find out the extent of prevalence of vectors in these sub-districts. We observed that HI in
Khaokaew, Lansaka, Thadi and Kamlon sub-districts for Ae. aegypti were >5%, that is higher
than WHO standard, and indicates high risks of Dengue Hemorrhagic Fever (DHF)
transmission in these sub-districts. Similar result was observed by Preechaporn et al®, who
observed that HI for two Aedes species were higher than WHO standard in three
topographical areas (i.e. mangrove, rice paddy and mountains) in Nakhon Si Thammarat,
Thailand.

Conclusion: Our results support that Ae. aegypti, Ae. albopictus and Culex spp. have
different key breeding sites both in indoor and outdoor, but Mansonia spp. use only outdoor
places as breeding site. Ae. aegypti, Ae. albopictus and Culex spp. laid eggs in different types
of containers depending on sub-districts. House Index (HI) showed that all sub-districts have
HI >5%, and indicates that these 5 sub-districts are dengue sensitive. Further research should
be conducted to investigate the prevalence of different types of mosquito larvae in other parts
of Thailand.

Acknowledgements: We thank Mr. Soothi Thongkhao and his team at the Vector-Borne
Disease Control Center 11.2, Nakhon Si Thammarat, for mosquito larval identification. The
authors are grateful to Chumpon Polprasert and his team from Lansaka district health office
for helping during field surveys. This work was supported by The Institute of Research and
Development, Walailak University and The Thailand Research Fund through Area-Based
Collaborative Research (2014) and Center of Excellence for Ecoinformatics (CoE).
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ABSTRACT

The objectives of this study are to examine (1) the differences in types and number of
mosquito larvae between fishery and non- fishery households at Thasala district, Nakhon Si
Thammarat Province and {2) key breeding sites (indoor and outdoor) of five mosquite larvae varied
in fishery and non-fishery households at Thasala district, Nakhon Si Thammarat Province. We
randomly selected 45 fishery and 55 non-fishery households in November 2015, and collected
mosquito larvae from different kinds of indoor and outdoor water containers. We identified the
mosquite larvae up to genus or species level under micrascope, and we found five mosquito larva
species (Aedes aeeypti, Ae. albopictus, Culex spp., Toxorhynchites spp., and Armigeres spp.). The
results showed that the number of total mosquite larvae differed between indcor and outdoor
containers in both fishery and non-fishery households. Ae. aegypti and Armigeres spp. larvae were
higher in NFH than in FH, but other mosquito larvae numbers did not differ between FH and NFH.
The number of positive indoor containers did not differ between FH and NFH, but the number of
positive outdoor containers was higher in NFH than in FH. For indoor containers, the number of Ae.
aegypti larvae were higher than other mosquito species. For outdoor containers, the number of Ae,
albopictus were higher than other mosquito species.
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Introduction

Mosquitoes have nearly worldwide distribution, being found throughout the tropics and
temperate regions. They thrive in a variety of habitats including fresh water and brackish water (clear,
turbid and polluted) (Rueda, 2008). Mosquitoes are commonly known to pose a significant threat to
public health. Mosquitoes are the most important group of insect vectors of human diseases such
as malaria, chikungunya, filariasis, dengue and Japanese encephalitis (Gopalakrishnan, 2014).
Annually, nearly 700 million pecple are affected with diseases transmitted by mosquitoes (Caraballo,
2014).

Different kinds of natural (tree-holes, bhamboo, leaf axils, rock-pools, etc.) and man-
made/artificial {water tanks, bottles, tires, flower vases, etc.) habitats are used as mosquito breeding
sites (Service, 1995; Wongkoon et al., 2005, 2007; Preechaporn et al.,, 2006, Vezzani, 2007;
Thangamathi et al., 2014). Ae. aegypti breeds in a wide assortment of domestic containers, whereas
Ae. atbopictus is more likely to be found in natural containers, such as bamboo stumps and coconut
shells, or in artificial containers outside the houses such as tyres, opened cans and plastic bottles
{Lester and Pike, 2003; Wongkoon et al., 2005; Promprou et al.,, 2005; Preechaporn et al., 2006).
Breeding sites with polluted water: mainly in on-site sanitation systems and bodies of stagnant and
polluted water favoured by Culex and Armigeres species (WHO, 1986; Rudra 2012). Anopheles
species in urban areas often breeds in wells, ponds, cisterns and containers used for the storage of
drinking water (WHO, 1986). Toxorhynchites spp. is a predatory mosquito breeding in tree holes,

containers left in gardens, discarded tyres along with Aedes larvae (Rudra, 2012).

Studies on mosquitoes are very important, as these mosquitoes act as disease vectors such
as Ae. aegypti is the primary vector of dengue {Sim et al., 2012), Ae. albopictus is the vector of many
arboviral diseases including dengue and chikungunya {(Gratz, 2004; Carrieri et al., 2011), and C
quinquefasciatus is the vector of lymphatic filariasis, Japanese encephalitis virus, West Nile virus and
the secondary vector of western equine encephalitis virus (Kaliwal et al., 2010). Larval control (scurce
reduction or suppression) has been identified as one of the most effective methods for the control
of mosquito borne diseases (Singh et at., 2008). Normally, mosquito will not hunt further than 100
meters from its breeding source but some reports says that mosquito can fly 400 meters far.
Therefore, we can be saved from dengue if we pay attention in 100 meters near house.

In Southern of Thailand the outbreak of mosquito borne disease is one of the major
problems which seem to be a global issue as well. In year 2014, there were 11,966 cases of Dengue
Hemorrhagic Fever (DHF) in southern Thailand, with 16 deaths (Chumsri et al,, 2015). In 2014, 3,063
incidences of dengue cases were reported in Nakhon Si Thammarat. The cbjectives of this study are
to examine (1) the differences in types and number of mosquito larvae between fishery and non-
fishery households at Thasala district, Nakhon Si Thammarat Province and (2) key breeding sites
(indoor and outdoor) of five mosquito larvae varied in fishery and non-fishery households at Thasala
district, Nakhon Si Thammarat Province.
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Materials and Methods
Study site

Mosquito larval survey was conducted in Thasala district, Nakhon Si Thammarat Province,
southern Thailand (8.59428% °N and 99.963863 °E) (Figure 1) in November 2015 during 09.00 am-
04.00 pm in 4 days. Thasala District is one of 23 districts of this Province. This district is about 363.851
km? with ten sub-districts, 109 villages, 9,131 households and 111,879 people (Thasala district register
office, 2014). Samples were collected from fishery and non-fishery households situated at two sides
of the Pakpaying River along the mangrove forest area in Thasala district, and we used stratified
simple random sampling for households selection (Preechaporn et al., 2007). We randomly selected

45 fishery and 55 non-fishery househelds,

Thasala
District

& “ANiihon Si Thammart
A
Uil Yo

Study area

Figure 1. Location of the study site in Thasala district, Nakhon Si Thammarat Province,
Thailand

Entomological studies

Larval collections were carried out from both indoor and outdoor water containers. Indoor
water containers were a total of 11 container categories such as small earthen jars, large earthen
jars, cement tanks, plastic tanks, ant-guards, flower vases, refrigerator drainages, bowls, plastic
containers, plastic bucket and animal pans, those were found inside of houses. Outdoor containers
were a total of 29 container categories such as small earthen jars, large earthen jars, cement tanks,
plastic tanks, bowls, plant pots, plastics bottles, used cans, discarded tyres, plastics cement mixer
tubes, metal lids, flower pot saucers, plant plats, areca nut jars, used foam boxes, bio-fermentation
tanks, plastics cups, coconut shells, used bowls, used pots, gallon plastic containers, plastic
containers, plastic bucket, used plastic glass, areca husks, banana trees, tree holes and bamboo
clumps. We classified water container earthen jars into two categories: small earthen jars (< 500 L)

and large earthen jars ( > 500 L). Those were found within 15 m outside of the houses. Among these
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containers, 19 containers (large earthen Jars, plastic tanks, plant pots, plastics bottles, used cans,
plastics cement mixer tubes, bio-fermentation tanks, plastics cups, used bowls, plastic containers,
ant-euards, flower vases, plant plate, flower pot saucers, plastics ice bucket, preserved areca jars,
banana trees, tree holes and bamboo clumps) were less than 2 in numbers, and that’s why we did
not include these containers in the analysis.

Mosquito larvae were collected from all water containers by using fishnet with 0.55 mm
mesh size. All live mosquito larvae were collected in plastic bags, brought to the Vector Borne
Disease Control Centre, 11.2 Nakhon Si Thammarat laboratory, preserved and identified up to species
and/or genus levels using Rattanarithikul and Panthusiri’s keys (Rattanarithikul and Panthusiri, 1994).

Statistical analysis

We used t-tests to analyse the differences (1) in the numbers of different mosquito larvae,
(2) in the numbers of positive indoor/outdoor containers, and (3) in the numbers of mosquite larvae
in each container between fishery and non-fishery households. We used one-way ANOVA tests to
see (1) the differences in mosquito larvae numbers among different species found in indoor and
outdoor containers both in fishery and non-fishery households, and (2) the differences in the number
of total mosquitc larvae among different water containers (indoor and outdoor separately) in both
fishery and non-fishery households. Data were represented as mean = standard error (SE). All
significant tests were two tailed, and statistically significant at # < 0.05.

Results

Mosquito larval numbers between fishery and non-fishery households

There were five species of mosquitoe larvae found in the mangrove area: Ae. aegypti, Ae.
albopictus, Culex spp., Toxorhynchites spp., and Armigeres spp. In fishery househelds, the numbers
of Ae. aegypti and Armigeres spp. were significantly higher than non-fishery households. On the
other hand, the numbers of other mosquito larvae did not differ between fishery and non-fishery
households
{Table 1).

Mosquito species and indoor/outdoor containers

There were no Culex spp., Toxorhynchites spp., and Armigeres spp. larvae in indoor
containers in both fishery and non-fishery households. In indoor containers, the number of Ae.
aegypti larvae was higher in numbers than other mosquito species in both fishery and non-fishery
households (Table 2). In outdoor containers, the number of Ae. albopictus larvae was higher in
numbers than other mosquito species in both fishery and non-fishery households (Table 2).

The number of Ae. aeegypti larvae did not differ between indoor and outdoor containers for
both households (fishery households: g5 = -1.21, ns; non-fishery households: tz1.05 = -1.95, ns, Table
2), but the number of Ade. albopictus larvae was higher in outdoor containers than in indoor
containers for both households (fishery households: ty 56 = -3.56, P < 0.005; non-fishery households:
tsaqr = -4.88, P < 0.001; Table 2).
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Table 1. The number (mean + SE) of mosquito larvae between fishery and non-fishery
households (*P<0.05)

Mosquito species Fishery households Non-fishery Statistical tests
households

Ae. aegypli 14.04 + 384 3429 + 8.81 tra20 = -2.108*

Ae. albopictus 2789 +7.26 4951 +9.63 tos= -1.727
Armigeres spp. 9.96+4.14 32.60 + 9.85 troo = -2.127*
Culex spp. 224+ 1.10 455+ 172 tanas = -1.125
Toxorhynchites spp. 0.07 + 0.05 218 £ 180 tsaos = -1.173

l'otal mosquito larvae 5420+ 11.19 123,16 + 20,44 teoa7 = -2,960%

Table 2. The number of mosquito larvae (mean + SE) that had indoor/outdoor water

containers in Thasala sub-districts, Nakhon Si Thammarat Province (*2 < 0.05, **£ < 0.001)

Mosquito larvae species Statistical
Ae. aegypti Ae. Culex spp. Toxorhynchites Armigeres tests
albopictus spp. spp.

Fishery households
Indoor container 456 + 276 0.93 =0.92° 0.00° 0.00° 0.00° Foza0 = 2.491%
Cutdoor 949 + 3.01™ 2696 = 229 + 1.10° 007 £ 0.45° 10.51 +4.15° Fazn=
container 7.30° 6.960%*
Non-Fishery households
Indoor container 865+ 399" 105 20.59° 0.00° 0.00° 0.00° Fazm = 4.371%
Cutdoor 2558 = 7.71° 4895 = 455 = 1.77° 2.18 = 1.80° 3269 Fazmm=
container 9.63° +0.85% 7.410%%

Fishery/non-fishery households and indoor/outdoor containers

The number of indoor and outdoor containers did not differ between sites (indoor
containers- fishery households: 1.91 + 0.27, non-fishery households: 1.36 + 0.25, fs5 = -1.488, ns;
outcloor containers- fishery households: 10.42 = 1.49, non-fishery households: 23.56 + 7.49, tos = -
1.564, ns).

The number of pesitive indoor containers did not differ between fishery and non-fishery
households, but the number of positive outdoor containers in non-fishery households was higher
than in fishery households (positive indoor containers-fishery households: 0.20 + 0.09, non-fishery
households: 0.22 + 0.07, fs5 = -0.152, ns; positive outdoor containers- fishery households: 1.62 +
0.26, non-fishery households: 2.49 = 0.29, s = -2.149, P < 0.03).

Different types of positive indoor and outdoor containers between fishery and non-

fishery households

The number of mosquite larvae did not differ among different indoor as well as ouldoor
containers in fishery households {indoor: F475 = 0.947, ns, outdoor: Fi4z70 = 1.200, ns). Cn the other
hand, the number of mosquito larvae also did not differ among different indoor containers in non

fishery households, but differed among outdoor containers {indoor: Fy5s = 0.274, ns, outdoor: Fig o=
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8.170, P < 0.001). The number of mosquito larvae in each container did not differ between fishery

and non-fishery households (Table 3).

Table 3: The number of mosquito larvae in different indoor and cutdoor containers in fishery
and non-fishery households (*£ < 0.05).

Containers Fishery Non-fishery Statistical
households households tests
Indoor Small earthen jars 1071 + 8.58 1.50 + 0.50 t;=0.546
containers Cement tanks 1.67 +017 11.93 + 5.68 tarps=-1.804
Plastic bucket 467 +208 11.95 + 5.06 {a5.50=-1.330
Refrigerator drainages 276+ 158 371+ 255 ta=-0.321
Bowls 118+ 012 550+ 384 ti=-1.124
Outdoor Small earthen jars 540+ 321 291+ 160 taa1=0.907
containers Cement tanks 1.09 + 0.52 327+ 1.30 t47.15=-1.668
Flastic bucket 1719+ 528 2173+ 444 tipe=-0.586
Bowls 11.62 + 3.30 7.95 + 362 £35=0.750
Animal pans 17.40 + 5.05 8.69 = 3.84 t1s=1.249
Plastics lids 2000 + 8.95 6.60 + 4.67 t=1.246
Discarded tyres 8.00 + 501 24.00 + 2054 ti5=0.715
Areca nut jars 11.50 + 10.50 9.31 + 8.30 t15=0.135
Used foam boxes 1.67 + 067 12.00 + 865 taps=-1.307
Used pots 2933 + 16.45 66,57 + 4145 ty=-0.562
Caconut shells 987 + 368 442+ 1.20 tss0a=1.410
Gallon plastic 9.64 + 3.08 83.25 + 4542 tyoa=-1.617
containers
Used plastic glass 283+ 1383 11.00 + 5.79 tis1=-1.345
Farthen jars 625 + 300 19.75 + 18.75 f10=-0.495
Metal lids 98.50 + 97.50
Areca husks 2,10+ 2,10
Discussion

We found five species of mosquito larvae (Ae. aegypti, Ae. albopictus, Culex spp.,

Toxorhynchites spp., and Armigeres spp.) in both fishery and non-fishery households in mangrove
area, but mosquito larvae were higher in numbers in non-fishery households than in fishery
households. Rajavel et al. (2005) observed 43 mosquito species includineg Aedes spp., Armigeres
spp., Culex spp., and Toxorhynchites spp. in mangrove areas in Orissa, India. The reason behind
ohserving more mosquite larvae in non-fishery households than in fishery households could be due
to the presence of higher number of positive outdoor containers in non-fishery households than in
fishery households, those containers contained hicher numbers of Ae. albopictus larvae, but the

number of indoor containers did not vary between fishery and non-fishery households.

We also observed that Ae. gegypti preferred to breed both in indoor and outdcor water

containers, but Ae. albopictus preferred to breed mostly in outdoor containers than in indoor
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containers. Previous studies found similar results, Chareonviriyaphap et al., (2003) and Wongkoon et
al. (2007) found Ae. aegypti larvae both in indoor and outdoor containers but Ae. albopictus larvae
mostly in outdoor containers. However, our results showed higher numbers of Ae. aegypti and Ae.
albopictus larvae in mangrove forest area than the previous study (Wongkoon et al., 2007). The
possible reason could be because we collected our samples in Thasala district but Wongkoon et
al., 2007 collected their sample from Pakpanang and Huasai districts. Ae. aegypti larvae mostly
prefer to breed in drums, Jars, concrete tanks and discarded objects (Phong and Nam, 1999), Ae.
albopictus prefer to breed outside in open spaces with shaded vegetation (Wongkoon et al., 2007;
Saleeza et al., 2011).

In this study Culex spp., Armigeres spp. and Toxorhynichites spp. were found only in outdoor
containers. Previous studies also observed that, Culex spp. larvae were mostly found in cutside
containers {(Preechaporn et al., 2007) such as in plant plates, used pots, plastic cement mixer tubes,
and used bowls (Chumsri et al., 2015), and Armigeres spp. larvae were found in tree holes and
bamboo stumps (Panicker and Rajagopalan, 1978; Amerasinghe, 1982) those were situated outside
of the households. In case of Toxorhynchites spp. larvae, they preferred to breed in the same
containers with Ae. aegypti, and Ae albopictus, but mostly in bamboo stumps and used tyres (Trpis,

1973; Nyamah et al., 2011) those were situated outside of the houses.

Through this study, we have been informed that which containers are used as breeding sites
for Aedes spp. Ae. aegypti and Ae. albopictus are the most important mosquito vectors of dengue
fever viruses (Knudsen, 1995; Mousson et al., 2005). If we can suggest to the fishery households to
destroy those Aedes spp. holding containers, may be it is possible to control dengue fever, as
destruction of breeding habitats is an important strategy to reduce the Aedes mosquito population;
as well to reduce the larval development and adult mosquitc population growth (Li et al,, 2014).
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