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Abstract

This cross-sectional descriptive research aimed to study the sound levels, abnormal symptoms and the correlations
between abnormal symptoms of noise exposure in workers and sound levels of paper plant. Measurement carried out
by using sound level meter and abnormal symptoms questionnaire. The stratified random samples were 155 employees
by collecting data during January to March, 2017.

The results revealed that the equivalent continuous sound level (Leq) 8 hour work day (TWA) were 75.5-89.4
dB(A). Department of Energy was the area that has sound at the highest level with 89.4 dB (A). Department of
Maintenance support was the area that has the lowest sound level with 75.5 dB (A). The minimum sound level (me)
to maximum sound level (Lmax) was 71.7-97.9 dB (A). The minimum area of sound level was found at Department of
Instant production with 71.7 dB(A) and the maximum area of sound level was found at Department of Chemical
recovery production with 97.9 dB(A). The study of abnormal symptoms of noise exposure in workers by interviewing
with 1 symptom were 30.32%, two abnormal symptoms were 21.94% and more than or equal three abnormal
symptoms were 47.74%. Most of abnormal symptoms were stress, headaches, tinnitus, no concentration and dizzy. The

correlations between abnormal symptoms of noise exposure in workers and sound levels of paper plant was no

statistically significant.

Sound prevention exceeded standard of paper plant should restrict sound level to meet the standard

by measuring annually along with monitor abnormal symptoms of workers including study the others factor that

correlated with abnormal symptoms.

Keywords: sound level, abnormal symptoms, noise exposure, paper plant
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Sound Level Measurement
dB{A)
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Figure 1 Equivalent continuous sound level in each
department compared with standard*85 dB(A)
means the sound standard from environmental

work referenced from NIOSH, WHO, ACGIH
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Table1 Association between abnormal symptoms of
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Abstract

The objective of research was to study the intensity of respirable dust exposure, irregular’s respiratory system and
behavior of personal protective equipment for respiratory protection in pulp and paper manufacturing factory employees
in Khon Kaen. For a case study, we collected information from employees using 6 work scopes, in two departments’
Preparation of Materials®> Produce lime and chemicals for return [in total 18 examples]. We found that the
Intensity of respirable dust in both departments had a mean equal to 0.22+0.13 mg/m® and 0.12+0.06 mg/m° respec-
tively [95%CI1=0.02-0.41] and there for passed the standards announced by the Ministry of Interior and Occupational
Safety and Health Administration [OSHA]. Lung efficiency information derived from Annual Health checkups between
2013-2015 indicated that employees tend to irregular lung efficiency with values of FVC, FEV1 and FEV1/FVC in 2
types as [FVC < 80% FEV1 and FEV1/FVC > 70% and FVC >80% FEV1 and FEV1/FVC < 70%] are increasing and
employees [50 people, 60.98%] mostly choose a cloth mask for respiratory protection. 33 people [40.24%)] did not
wear a respirator because they found it uncomfortable. Hand cleaning after work’ behavior occurred in 64 persons
[78.05%] and the incidence of training in hazards from total dust within 1-3 mouths amounted to 57 persons [69.51%].

Even if intensity of respirable dust is not over standard levels, a hazard to health may accumulate in the long term.
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The factory should be more concerned with employees’ health.

Keywords:Respirable dust, Respiratory tract disorder, Pulp and paper plant
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Figure 3 Behavior to select respiratory tract protective

equipment
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Abstract

A study on the effect of night-break and paclobutrazol on chemical compound in Curcuma alismatifolia
Gagnep. ‘Kimono Pink’ grown off-season was conducted on 2 planting dates (2 experiments) under night-break for 2
hours and paclobutrazol 0, 200, 400, 600 and 800 mg/L in completely randomized design with 5 treatments and 10
replications (10 plants/replication). The data of 1% experiment demonstrated that plants grown under 2 hours
night-break and 600 mg/L paclobutrazol gave the best result in terms of chlorophyll in leaf (70.56 mg g™ dry weight)
and anthocyanin in coma bract (16.27 mg g fresh weight); in the other 2™ experiment demonstrated that plants grown
under 2 hours night-break and 600 mg/L paclobutrazol gave the best result in terms of chlorophyll in leaf (68.43 mg
g™ dry weight) and content of total non-structural carbohydrates in pedencle and inflorescence (23.80 mg g” and 22.32

mg g dry weight) and anthocyanin in coma bract (15.29 mg g™ fresh weight).

Keywords: off-season Curcuma alismatifolia Gagnep., night-break, paclobutrazol, chlorophyll, non-structural carbo-

hydrates, anthocyanin
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lavsadludrmmiuasidwfiousesdnuaniug Ki-
mono Pink fila¥uussdulutrsnarsdnuuudoiion 2
s swiumlaadns loaduds 600 mg/l wuing
ANgIga (43.71 uaz 43.87 mg g dry weight) ua lifiaa
Lmﬂ@mmaaﬁaﬁuﬂnumﬁvlﬁ%'mmgﬂmeﬁmﬁui’m
fumlaadinloaduds 400 mg/L (43.49 uay 43.58
mg g dry weight) atinalsfieny suluvasdnuaniyinm
mﬂﬂammﬁhﬂﬂmaﬁﬁ’wavl,ajﬁmmLmﬂ@haﬁ'ﬂunn
n3343% Lﬁmﬁmﬁuﬁuﬁmﬁﬂgﬂhjuﬁ 1 ﬁdﬁﬂnuwwﬁ"l,@i"
Sunsadulutienasdnuuude Waswin 2 $1lussniu

wilaadinslaaidudu 600 mg/L JU5umaslulaiasa
ﬁvl,aflﬂﬂsda%'miuﬁﬂwﬁa@aﬂLLazﬁamaﬂgdq@mﬁs 23.80
waz 22.32 mg g” dry weight anea1IaEINTBEIN YN
af@anunAnIINAT IruwdnIiuiuRadlaTziTum
LLauIﬁvlsnﬂwﬁuiuﬂﬁuﬂs:ﬁuﬁ«huuuﬂuaaﬂﬁa@aﬂﬂnwmﬁvlﬁ
Sunssulugrsnasanuuude Waswn 2 S lussniv
wilaadinslaaidudu 600 mg/L ﬁmgaqma?iﬂ 15.29

mg/100 g fresh weight LANEINWALINHEFIAYNIIRDG
Wall3aunaununIInltau (Table 2)

Table 1 Effect of night-break and paclobutrazol on contents of chlorophyll, total non-structural carbohydrates (TNC)

and anthocyanin in Curcuma alismatifolia Gagnep. ‘Kimono Pink’ grown off-season (September — November 2015)

Treatment Chlorophyll

TNC content (mg g dry weight)

Anthocyanin

content in leaf Rhizome Pseudo-stem Leaf Peduncle Inflorescence

content

(mg g’ dry in coma bract
weight) (mg/100 g fresh
weight)
Night break + paclobutrazol
2 hr. Night break + 0 ppm. (control) 63.08d 39.43c 39.12¢c 11.07 19.67c 19.84c 11.57¢
2 hr. Night break + 200 ppm. 66.18c 42.78b 42.63b 11.63 23.25bc 20.61b 13.32b
2 hr. Night break + 400 ppm. 69.75b 44.06a 44.38a 1150 24.69a 22.07a 14.00b
2 hr. Night break + 600 ppm. 70.56a 44.83a 44.54a 1128 24.37a 22.25a 16.27a
2 hr. Night break + 800 ppm. 64.31d 42.98b 41.98¢c 11.37  19.46¢ 20.06bc 13.54b
F-test ok ok . ns o ok ok
CV % 8.73 4.87 6.88 10.53 6.70 7.06 9.08

ns = non-significant difference, ** highly significantly difference

Means value in the same column with different letters were significantly different (p<0.05)

Table 2 Effect of night-break and paclobutrazol on contents of total non-structural carbohydrates and anthocyanin in

Curcuma alismatifolia Gagnep. ‘Kimono Pink’ grown off-season (November 2015 — February 2016)

Treatment Chlorophyll

TNC content (mg g™ dry weight) Anthocyanin

content in leaf Rhizome Pseudo-stem Leaf Peduncle Inflorescence

content

(mg g’ dry in coma bract
weight) (mg/100 g fresh
weight)
Night break + paclobutrazol
2 hr. Night break + 0 ppm. (control) 64.16¢ 38.23¢c 38.32¢ 11.77 18.62c 18.44b 10.32c
2 hr. Night break + 200 ppm. 66.54b 40.46b 40.41b 10.93  20.15bc 21.67a 13.19b
2 hr. Night break + 400 ppm. 66.60b 43.49a 43.58a 11.10 21.67b 20.04b 13.98ab
2 hr. Night break + 600 ppm. 68.43a 43.71a 43.87a 11.28 23.80a 22.32a 15.29a
2 hr. Night break + 800 ppm. 64.28c 39.68¢c 38.58¢c 11.87  18.96¢c 18.33¢c 13.30b
F-test *x ** o ns o o .
CV % 7.39 6.07 7.35 10.53 5.10 8.04 10.17

ns = non-significant difference, ** highly significant difference

Means value in the same column with different letters were significantly different (p<0.05)
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Abstract

This study reports the taxonomy of fusulinids and the lithology of limestones from sections exposed in Ban
Wachiralongkorn in Pak Chong district of Nakhon Ratchasima province. This area is located in the southern part of
the Loei-Petchabun Foldbelt of the Indochina Terrane. At least seven genera of fusulinids were observed comprising
Afghanella, Nankinella, Neoschwagerina, Parafusulina, Psedodoliolina, Staffella and Verbeekina. This faunal
assemblage indicates a Middle Permian depositional age of the limestone sequence. Eighteen genera of smaller
foraminifers consisting of Climacammina sp., Globivalvulina sp., Eotuberitina sp., Tuberitina sp., Glomospira sp.,
Umbellina sp., Vicinespheara sp., Stipulina sp., Earlandia sp., Nodosinelloides sp., Pachyphloia sp., Ichtyolaria sp.,
Tetrataxis sp., Protonodosaria sp., Frondina sp., Calcitornella sp., Neodiscus? sp. and Schubertella? sp. and four
algal genera including species of Mizzia sp., Ungdarella sp., Tubiphytes sp. and Pseudovermiporella sp. were also

recorded.
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Other associated fossils comprised alatoconchid bivalves, gastropods, corals, brachiopods and crinoids.

Microfacies of carbonate rocks and the occurrence of these fossils support a shallow-marine tropical depositional

environment of the limestone sequence.

Keywords: Fusulinid, Permian, Indochina Terrane, Loei-Petchabun Foldbelt
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Geological map of the Saraburi-Pak Chong district in the southern part of the Loei-Phetchabun Foldbelt

based on Arboit et al. (2016). The VR and SBL sections are located in the Khao Khad Formation.
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Figure 2 Field photographs of the study area in the southern part of the Loei-Phetchabun Foldbelt. A-E: VR

section; F-1: SBL section.
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Class SARCODINA

Order FORAMINIFERIDA Eichwald, 1830

Suborder FUSULININA Wedekind, 1937

Superfamily FUSULINOIDEA von Moller, 1879
Family Neoschwagerinidae Dunbar and Condra, 1928
Genus Afghanella Thompson, 1946

Type species: Afghanella schencki Thompson, 1946

Afghanella sp.

Plate 1 Figure 1-6

ansedmgwINg: 1Wianiizinass (Discoid)
WRZWUUNIERIY (Fusiform) nMITAInVadILLRen (Volution)
8-10 29 heausnwiaaaguinan (Proloculus) fuwiatunad
Wik (Spirotheca) 1t unan9fenun a1 Sagittal L&
Fnugudnanddszanm 1,52 fafwas ORI R (Septa)
RNTIRMANNLAZENT d Axial nsdszanms 2 Tafiuas
Usean s 3.2 SaAas WURTI W aILULNTIUELISE
%uﬂgwgﬁ (Primary transverse septula) LLazwﬁaﬁy’uﬁaa
LLuuﬂiﬂuﬁLﬁgﬁ%una 8l (secondary transverse septula)
119

degalianwaz3ling nrvaduvedslian
(Volution) Wikd (Spirotheca) ARNEARINL Afghanella
ozawai Hazawa, 1954 wufilszinadiu nonulu
Sundharovat and Nogami (1972) %dﬁmqagluﬁ?dq@
WwasL e (Permian) waz Afghanella sp. Wuﬁﬁdﬁﬁ'@
m:lﬁ lae Dawson and Racey (1993) %aﬁmqaghma
;qmwaﬁﬁw (Permian)

snwiiny T e NEREE FoUAnULS LA
Anw (VR1, VR2, VR5 Waz SBL1) taLwasifin (Permian)

Superfamily Fusulinacea von Méller, 1878
Family Staffellidae A.D. Miklokho-Moklay, 1949
Genus Nankinella Lee, 1933

Type species: Staffella discoides Lee, 1931 OD;
Nankinella Lee, 1934

Nankinella sp.

Plate 1 Figure 7-14; Plate 2 Figure 1, 2; Plate 3
Figure 3

ansabzdaegIWING: 1Waanizinnaw3 (Dis-
coid) NMI3aIupadLlfan (Volution) 7-8 19 #aduInnie

J Sci Technol MSU

3aaudnand (Proloculus) inssnanzwmialng Yadaauan
q@ﬁgﬂi’ﬂﬂﬁduumamuﬁaﬂmﬂq@ (Polar) Famadin
W9 (Spirotheca) UN9T9RUWINN HiTaRuRe (Septa) L4
f9ruINLazen? niedszanm 1-1.5 Hadluas 812
szt 2.5 UaBLUAT

dagrafianwazIling n1raduveslien
(Volution) Wikd (Spirotheca) Nﬁd%%ﬁ'ad (Septa) ARNBAR
U Nankinella sp. wuﬁ%’mﬁ'@m:q’% lae Dawson and
Racey (1993) GﬁaﬁawqagluﬁadqﬂLwa§Lﬁau (Permian)

anwiiny uazz9ae: FONUANLLS R UL
@nw (VR1, VR2, VR4, VR5, SBL1 uaz SBL2) uaiwat
Wen (Permian)

Family Neoschwagerinidae Dunbar and Condra,
1928

Genus Neoschwagerina Yabe, 1903

Type species: Schwagerina craticulifera Schwa-

ger, 1883

Neoschwagerina sp.

Plate 2 Figure 3, 4, 6
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1aen (Volution) H8nwawann Uszanas 12-14 23 Sefan
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MagelanyuaAaunfIny Neoschwagerina
sp. Wuﬁﬁdﬁﬁ'@]m:ﬁ a8 Dawson and Racey (1993) %\1
ﬁmmﬁag’hﬁwqmwaﬁﬁw (Permian), Neoschwagerina
aff. Neoschwagerina magalitae Deprat. Wuﬁl@ aulnitauas
UszinaiaTuaus lag Leven and Mackie (1997) ‘%dﬁa’lﬂq
adlutisgaanivafiilaTaaaudannisanafifiouaau
N8y (Late Carboniferous-Middle Permian) Wag
Neoschwagerina? sp. wuRdamiadonle ﬂi:mﬂfﬁﬂu
o Kobayashi, Furutani and Handa (2007) G'fﬁﬁmqag
lutsgamafiivuaaunats (Middle Permian)

souiiny UazE9ae: FONUANLLS AR
@Anw (VR2, VR4, SBL1, SBL2 uaz SBL3) uainasiflun

(Permian)
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Family Schwagerinidae Dunbar and Henbest,
1930

Genus Parafusulina Dunbar and Skinner, 1931

Type species: Parafusulina wordensis Dunbar

and Skinner, 1931

Parafusulina sp.

Plate 2 Figure 5

anpmedmgIning: wWianiizUiienszans
(Fusiform) N4 1.5-5 Aafluas 8717 1.8-8.7 Naaluas N1y
ggauuadilfan (Volution) 12 24 mivatuzaddfeand
mumlmy’%ummﬂugjaouan WasuInwiagaguinang
(Proloculus) Hvwalngj GﬁaqﬂquﬁnmaﬁLﬁumuﬂuﬁnma
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ANEUSIMEN (Polar) eiden

fhathsliansucamoais lasamzansucla
AAAVAGIRUIN (Axial Filling) VS Parafu-
sulina sp. Wuﬁﬁdﬁfﬂﬁizg% 1ot Dawson and Racey
(1993) %aﬁmqag’hﬁ’smﬁmwaﬁﬁau (Permian), wulu
wanafn lzuru waz Nabeyama #ufl Kuza ﬂizmmﬁQu
1 Kobayashi (2006) %@ﬁmqag’luﬁ’;aqamaﬁﬁamau
na9 (Middle Permian) waswufisaniadeoale: Ussine
fﬁﬂ.ui@m Kobayashi, Furutani and Handa (2007) G'f%dﬁmgl
agiumaﬂqﬂl,waﬁﬁwmauﬂma (Middle Permian)

snwfiny Uazn9078: soUAnuLS LA
Anw1 (VR2, SBL1, SBL2 uaz SBL3) yaiwaiiiiuu (Per-

mian)

Family Verbeekinidae Staff and Wedekind, 1910

Genus Pseudodoliolina Yabe and Hanzawa,
1932

Type species: Pseudodoliolina ozawai Yabe and

Hanzawa, 1932

Pseudodoliolina sp.

Plate 2 Figure 7-12; Plate 3 Figure 1

ansmeaAmgIMINg: LWianiizdiinand
(Discoid) N4 1.5-2.5 UARLNAT 817 2.7-3.5 UaRLUGT
mMIvauvadlfan (Volution) 7-8 29 lasseasvinauas
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(Septa) AW ILAZHIINH aralGHate (Parachomata) A

fagNanEMEA18ARINY Pseudodoliolina
ozawai Yabe and Hanzawa, 1932 I@m Yabe L8y Hanzawa
(1932) wuﬁﬂszmmjﬂu 989 %l Sundharovat and
Nogami (1972) %aﬁmqagiuﬁaaqmwaﬂﬁuu@auﬁu
(Artinskian)

somiiny Uazz9ae: FONUANLLS AR
Anw1 (VR1, VR2 uaz VR4) taiwasiiiou (Permian)

Family Staffellidae Miklukho-Maklay, 1949
Genus Staffella Ozawa, 1925
Type species: Fusulina sphaerica Abich, 1859

Staffella sp.

Plate 3 Figure 2, 4

ansmeAmIIMING: Liandizdirinani
(Discoid) Lﬁ?umugmﬁnmaﬂszmm 1.8-2.8 UadLUAT N1
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Mg ulanwuzaaunfIny Staffella molleri
Ozawa, 1925 lag Ozawa (1925) WuuSLias Nagato
ﬂs:mmﬁu G'f%mmmmqmaqﬂa;umsw%%uﬂasgaﬁmlu
Tyanasiluuaaunand (Middle Permian)

souiiny uazz9a18: FONUANLLS AR
Anw1 (VR1, VR5 uaz SBL2) yalwasidun (Permian)

Family Verbeekinidae Staff and Wedekind, 1910
Genus Verbeekina Staff, 1909

Type species: Fusulina verbeeki Geinitz, 1876

Verbeekina sp.

Plate 3 Figure 5-7
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Tadway udazisreudagy Mivauveien (Volu-
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Figure 3 Stratigraphic columns showing sampling interval of limestones. The assemblage of fusulinid indicate Middle

Permian age of both studied sections (VR and SBL).
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Plate 1 Photomicrographs of fusulinids from the study area. 1-4: axial section, 1-6=Afghanella (VR1, VR2, VR5 and
SBL1), 7-14=Nankinella (VR1, VR2, VR4, VR5, SBL1 and SBL2) (scale bar = 1 mm.)
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Plate 2 Photomicrographs of fusulinids from the study area. 1-2, 4-9, 11: axial section; 3, 10, 12: sagittal section;
1-2=Nankinella (VR1, VR2, VR4, VR5, SBL1 and SBL2); 3, 4, 6=Neoschwagerina (VR2, VR4, SBL1, SBL2 and SBL3);
5=Parafusulina (VR2, SBL1, SBL2 w8z SBL3); 7-12=Pseudodoliolina (VR1, VR2 and VR4) (scale bar = 1 mm.)
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Plate 3 Photomicrographs of fusulinids from the study area. 2-4: axial section; 1, 5-7: sagittal section; 1=Pseudodo-
liolina (VR1, VR2 and VR4); 2, 4=Staffella (VR1, VR5 and SBL2); 3= Nankinella (VR1, VR2, VR4, VR5, SBL1
and SBL2); 5-7=Verbeekina (VR2, VR4, SBL1, SBL2, SBL3, SBL4 and SBL9) (scale bar = 1 mm.)
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Plate 4 Photomicrographs of smaller foraminifers. A-G=Globivalvulina sp., H,|= Tetrataxis sp., J,K= ?Neodiscus sp.,
L,M= ?Schubertella sp.
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Figure 4 A and B: photomicrographs of fusuline wackestone; a=Afghanella sp. b=Mizzia sp., c=Climacammina sp.,

d=Nankinella sp. B: magnification of A.
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Abstract

Optimization of methods for solving equations and engineering problems is currently important. The Traveling
Salesman Problem (TSP) is a NP-complete problem solving technique employing the principles of meta-heuristics.
This paper proposed a Siamese Rhinoceros Beetles Algorithm (SiRBA), which imitates the behavior of Siamese
Rhinoceros Beetles. Movement toward light, food, reproduction and escaping from enemies are used to create a
SiRBA which is then used to find the maximum and minimum value of functions, applied to solving engineering
problems. Principles of the movement toward the light and smell by flying during an away from solution, Vibration and
smell by walking at the near solution. The SiRBA was tested with a quadratic function and the Traveling Salesman

Problem (Symmetric TSP). SiRBA was effective at finding a solution.

Keywords: Behavior of Siamese Rhinoceros Beetles, Siamese Rhinoceros Beetles Algorithm, Optimization, Traveling

Salesman Problem.
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solving the Traveling Salesman Problem

Smell
light

Vibration

Flying Zone {light and Smell)

- 4
= lteration Number

- Walking Zone (Vibration and Smell)

% = error ling

Figure 1 Mobility mechanism to solution for SiRBA Algorithm

flx)  light
f(S)  Smell (5)
f(Pgy (t+1)) Vibration

Fitness

. 2
e x= (T B (- x) + CLE M TalPsin *
( Ptar' PSirb) L4 (1 -Re R)]}

Smell; = Function (S,)
%f(X)= f(X Best)t+1 - f(X Best)t)/ f(X Best)t

ey Ty= 01y dlo  %f(x) > %error 1w 1

%f(x) < %error 11w 0

T,= (01) e %f(x) > %error 4{lu 0

%f(x) < %error 1T 1
Pseudo code for SiRBA:
1. Objective function of f(x), where x=(x1,........ ,xd)
Search Space; x € 109-1,1]
2. Generate initial population of Siamese Rhinoceros
Beetles;
X, i=1,2,..n)
: Flying zone (light and Smell)
Formulate light intensity Ii from f(xi); Ii = f(x i)
Define absorption coefficient ;

While (t<MaxGeneration)

o o bk~ w

For i =1 : n (all n Beetles)

10.

1.

12.

13.

14.

15.

16.
17.

18.

For j=1 to i (all n Beetles)

If (IJ_ > Ii), move Beetles i towards j;

end if

Generate initial location; Initial (X,Y)

(i=1,2

..,m) Xi = X axis+ Random Value, Yi =Y axis +

Random direction and distance; (Xk,Yk)=

Random Value

Find the smell concentration (Smelli): SmeIIi = Func-
tion (Si)

While (t<MaxGeneration)

For k = 1 to m (all m location)

If (max(Smell)> Smelli), move Beetles i towards that
location

end if

Evaluate new solutions and update light intensity and
location;

While ( (f(x)t+1 - f(x)t)/ f(x)'s 0.05); Compare solution

: Walking zone (Smell and Vibration)

19.
20.
21.
22.
23.
24.
25.

Find V., for each Beetles; target vibration
While stopping criteria not met do

for each Beetles in pop do

Evaluate the fitness value of s.

Generate a vibration at the position of s.
end for

for each Beetles in pop do
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26. Calculate the intensity of the vibrations V

27. generated by other spiders.

28. Select the strongest vibration Voo from V.

29. if The intensity of % is larger than V. then

30. Store Voo 3V,

31. endif

32. Perform a random walk towards Vi

33. Generate a random number R from [0,1).

34. While (Vtar <MaxGeneration)

35. Fori=1:n (all n Beetles)

36. For j=1 to i (all n Beetles)

37. If (vj > vi), move Beetles i towards j;

38. end if

39. Random direction and distance; (Xk,Yk)= i=1,2
...,m)

40. Find the smell (Smelli); Smelli=Function (Si)

41. While (t<MaxGeneration)

42. For k = 1 to m (all m location)

43. If (max(Smell)> Smelli), move Beetles i towards that
location

44. end if

45. Evaluate new solutions and update vibration inten-
sity and location;

46. End for j;

47. End for i;

48. End for k;

49. Rank the Beetles and find the current best;

50. End while;

51. Post process results and visualization;

52. End procedure;
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Figure 5 Movement into value x* (n=9)
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Table 1 Distance matrix between Node (km)
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N 1 2 3 4 5 6 7 8 A
! i
1 0 Random initial assignment /" ,I.
I, !
2 1.03 0 3-6-8-1-4-7-2-5-3= 25.63 km A
_ )
3 242 139 0 7-3-4-2-8-5-6-1-7= 24.73 km |
A 273 169 128 o 6-2-5-7-1-3-8-4-6= 28.3 km Fii Yipooin
: ’ ’ (Best Solution = 16.1 km) B(rm) or 1(Psi,is Psij1) > B(run) or (Psi,is Psiron)
5 2.17 1.1 1.06 1.36 0 Connect itoj, (light or Vibration)
6 3.66 2.58 2.68 2.98 1.61 0 Random [i;]
C t itoj Smell
7 498 391 475 464 333 297 0 onnect itoj,  (Smell)
8 5.78 4.68 5.51 5.4 4.09 3.73 0.76 0 Figure 7 Connection of path
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fﬂ:mlﬂmimmummaugimag (MiNlsnIsatie
Uanedla (Valid tour)) Sdumsiaunaly 990609 99U
8 90 (dazmuluaai) suaddiansuduiidnrini
Iteration O Initial tour L0 = (3-6-8-1-4-7-2-5-3) Fitness =
25.63 km (N1 1 é’uﬁlzﬁwmiqﬂuu@ia:‘sau"lﬁuﬁuam%a
) A & a & 9 )
WIIFUFzIIaU 3 ATI uazaundn 3 aalasazld 6 EuN9
danine 1 @alw 1 590 A9kuning 3 Mazld 3x6 = 18
. . z . v . X o
L§undda 1 Ja1) Junauda lazansdaavdnunlnain
| A A ] [ 4 Y Y o '
Lﬂuammﬂwagmﬂmumaig@ @ k=3 uaIiM I
101 link 3 dula g aanan wazazdimaianilwlylevas
1 A 1 s A dl dl v v
nInIaLYinny 5 mamaﬂm:mamaﬂv\Lﬂugﬂma
LINATH LLuuﬁﬂﬁawymi wae AU Ui e EwEN
mwagﬂmaaﬂvlﬂ lumsRansanidaudn ﬁ]:l"ﬁgﬂ WULNII
Tup89n1191auRINTANANUTUVBILRI BATNTANNEY
(Flying zone (light B(r) and Smell)) LLaxEﬂLLU‘U’Ha\‘lﬂ’]‘S
AUlAININTMIAN VT NVBINTAALTIFUFLL 0N LA
NNIANNAK (Walking zone (Smell and Vibration (1)) 614
. ad o AR '
ugaslu (Figure 7) laslduneuvasdanasnuningluns
lfiwataauuy 3 opt dadt
e 4 A4 9 .
TN 1 g'ﬂLLUUﬂWiLﬂaauﬂluﬂWSI%LuLua‘sg@
LUy 3 opt I@ﬁﬁwmiaﬁmm link (d, d +1) lag aanuan
I I

T s‘éammﬁwmumaa@@ﬁéwmu 8 Yauazidunmsidnuuy
’ﬂ@(ﬂﬁum@‘hLLWLL&L@;JM@@L’%MT%) afidudandnuan 8
L& 227NRUA ATNNIFUEIUAY Random Value € [0,1]
Tasuuuanunspestadn 1/8=0.125 Fesnaunsasie
Frlumsiidwdansanlddaaslu (Table 2) e
nsgudrvastaenisiv faH19aILEAILY (Table 2)
M IRNTINBIUES LaznauaInineef 1 luadd
1 Taglusoudt 1 myguan 3 ass iinlddnnsgauves
usaLlu [0.189 0.611 0.732] sazvinmsdagaifondi 2, 5
ez 6 LLa:@i'm'rsajmamﬁuLﬂu [0.073 0.478 0.698] 23
a:ﬁﬂﬂﬁﬁ@qm%auﬁ 1, 4 uaz 6 INEHITYIINITEAIN
LFUNNIBUTUR AR AU 3-6-8-1-4-7-2-5-3 LTUVDILFS
[3-6) (8-1-4) (7) (2-5-3] uazvasnaniilu [3) (6-8-1) (4-7)
2-5-3] lagiataanans [ lisawnsndawld L‘ﬁ;aommﬂugﬂ
wuvvaInaawtuuie

Sunond 2 elumn%amiaﬁu@@a:ﬁﬂmiﬁm‘smﬂ
mmmmmlumn%au@iamaa@ﬂimﬂﬁ“ﬁaﬁmumw:ﬁaq
Lifimsfadunisdes nIamstadumalumsdunisg
%ulumié’m}ﬂL%awﬁuaquiﬂa‘fwﬁuma"lﬁé‘fmamslu
(Table 3)

Suaoud 3 didunefildudaziduanfiansand
Poauss uazndn lusrsasmsdudsauns
X =X+ Boe"Yrijz(xj —x)+ CLE uaz

SmeIIi = Function (Si)
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Table 2 Range of random values and random values in
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Table 4 Fitness of light and smell in 1% round of Insects

Flying zone No.1

link Range of Random Light1 Small1 Routing Fitness
Value Light 1 36-4-1-8-7-2-5-3 20.838

1 0-0.125 - 0.073 2 3-6-7-8-1-4-2-5-3 18.734
2 0.125-0.25 0.189 - 3 3-6-7-4-1-8-2-5-3 25.735
3 0.25-0.375 - ; Small 1 3-1-8-6-4-7-2-5-3 25.629
4 0-375-0.50 - 0478 2 3-1-8-6-7-4-2-5-3 25242
° 0-50 - 0.625 0611 ; 3 3-6-8-1-7-4-2-5-3 25633
6 0.625 - 0.75 0.732 0.698 A 547-6.51-2-5.3 04 863
! 0.75-0.875 - ; 5 3-4-7-1-8-6-2-5-3 25.565
8 0.875 - 1.00 - - 6 3-7-4-6-8-1-2-5-3 25573
7 3-7-4-1-8-6:2-5-3 25.804

=< & A o o
‘Hdlug‘ﬂLLU'U“I]EN“NGH‘HWHadﬂ’]‘iﬂwﬂa%ﬂﬁﬁuﬂlﬂ
10w Smell = x + S(x — x)
i i it i

a4 1 o
e g = —— lawii Dist = /X +Y uaz

Dist
Xi = X axis+ Random Value,

Yi =Y axis + Random Value

Table 3 Transportation routes from SiRBA in 1 round of

Insects No.1
Routing Fitness (km) Li— Li

Initial 3-6-8-1-4-7-2-5-3  25.63 -
Light 1 3-6-4-1-8-7-2-5-3  21.00 -4.63
2 3-6-7-8-1-4-2-5-3  18.77 -6.86
3 3-6-7-4-1-8-2-5-3  25.64 0.01
Small 1 3-1-8-6-4-7-2-5-3  25.62 -0.01
2 3-1-8-6-7-4-2-5-3  23.39 -2.24
3 3-6-8-1-7-4-2-5-3  25.66 0.03
4 34-7-6-8-1-2-5-3  21.59 -4.04
5 3-4-7-1-8-6-2-5-3  25.15 048

-0.56
6 3-7-4-6-8-1-2-5-3  25.07

0.74
7 3-7-4-1-8-6-2-5-3  26.37

Famyimuasasiiluaunisesit B,=1Y=
1, LE[0,1], €= (rand[0,1] - (1/2)) WAz Initial (X,Y) Tudidl
I¢és13E [0, 10] uaz Random Value € [1,1] S9anu13a
WieasuEs uaznan luduniedeg ildasuaaslu
(Table 4) Gnaen9ulu Light 1 LEWNY 3-6-4-1-8-7-2-5-3
e L-L=-463 Faviu

-4.63
X = 25.63 + -(5)2(-4.63) + (0.332)(-0.458)=20.838

e

1w Small 1 Sedun

Smell = 25.63+(11 (7.33+ (:0.27)f +(3.87+0.11% )
(-0.01) = 25.629

Suaoud 4 ¥nen Fithess Va9HILES WazNAWAN
ﬁﬁmmﬁauﬁ‘mﬁmﬁamﬁumaﬁﬁmﬁaﬂﬁqﬂ Foaldndn
N9 3-6-7-8-1-4-2-5-3 G9ilen Fitness L1infiL18.734 N34
Lwia:@"hﬁ]:'ﬁwmimiﬁjuluLL@ia:iauvleﬁLﬁ LIRS DU IFL
gzifion 3 a5 uazawnan 3 aislagazld 6 iumsde
n319 1 d7lu 1 59U G9uaslu(Table 5)

\osmauninan=3 ﬁJzVLGTLé?umaﬁﬁﬁq@lmau
# 1 dausasly (Table 6)

Suaoudl 5 :nsiusinen Fitness A ldunfiansan
fdasidudann

|f(x ) —f(x

) |/ f(x ) < Y%error
Best”t+1 Best’t

Best’t

Table 5 Routing from SiRBA in 1 round of Insects No.1

Routing Fitness (km)
Light1 3-6-7-8-1-4-2-5-3 18.77
Light2 3-6-2-7-8-1-4-5-3 20.86
Light3 3-7-4-1-8-6-2-5-3 26.37
Small1 3-4-7-6-8-1-2-5-3 21.59
Small2 3-6-2-7-4-1-8-5-3 27.47
Small3 3-6-7-4-1-8-2-5-3 25.64




Vol 37. No 1, January-February 2018

Table 6 Routing from SiRBA in 1¥ round of Insects No.1-3

No. Routing Fitness %

1 3-6-7-8-1-4-2-5-3 18.77 26.76
2 7-8-2-4-3-5-6-1-7 19.72 20.26
3 6-2-5-3-1-7-8-4-6 21.28 24.81

uteanin 0.5% Gzl |18.77 -25.63 |/25.63

= 0.2676 ~ 26.76 % TIUINNT1 0.5% (0.5%< 26.76 %) 11
asbiasiulusandelduaandnadf 1 azdiaglugiezas
mafiu Selusevdeluninems 3 dnzaglugrsveanstu

f Py o w Ao a A & A o
agluraufl 2 didunefidngalusaud 1 wududisudu

k5 L4 ISI lﬂl a ' a v U
Fndunmanlalusou n Fszoemalnaninduliunudis

£ q' U nl' o 3: ::' =3 3: ::'
WuMISuanlusau n-1) wazvinduaaui 1 H97unaun
5 gennanun Talusoudiig aeldnadnsvasszazmen
aaRIGILEaln (Table 7) SamIRasanIluuuaaints
i aauaziing uSmwasmyDn (flying zone) uazLstIns
284M3L6% (walking zone) lasfianuuandanulasniy
LAWITUN UM TNANTDNVBILES LT UM TRuazLNanunlay
MIUNUFNMIP_ (t+1)=P_ +(P -P_)+(1-R+R)

Sirb Sirb tar Sirb \

TumamfaeuunuILUULY8ILET §IUBINIAUNEARAL
fstununmsmdaauuuudy

Table 7 Transportation routes from SiRBA, Area zone of

fiying and walking in each round

round  Routing Fitness % zone

1 3-6-7-8-1-4-2-5-3 18.77  26.76 flying fiying

2 3-4-1-8-7-6-2-5-3  18.26 2.72 flying walking
3 3-5-2-6-7-8-1-4-3 1826 0 flying walking
4 3-5-2-1-8-7-6-4-3  16.96 712 walking

5 3-6-7-8-1-2-5-4-3  16.96 0

6 3-6-8-7-2-1-5-4-3  16.92 0.24

7 3-4-5-6-8-7-2-1-3  16.10 4.85

hmwwq@nﬁﬁ']mumaamsmﬁmawaa
é’aﬂa‘%ﬁwaan’haﬁuﬁmsmﬂﬁaaogﬂLmuﬁaﬁmucﬂ
FwrusaulunIvndaay 1w round 1% 50, 100 58U
wazRnsanelefifudanussasinaauilalusoud
N UAT n+1 $1MI% m A% 1T m=5 a59 nunpfeden
LﬂJaﬁ%uﬁmmmaLﬂuguﬂ@ﬂsjﬁLﬁuwwoéuﬁﬁﬂﬁsw:
NHIARITIUIN 5 ﬂ%ﬂlﬁ%ﬂqﬂﬂ’]i‘ﬁ’m’m lumsmidaey
PBIMTIAFUNIUDUMIFUTIUAWRUILUIY 3 90 UAZ
4 @LTwALINURANNNTYEY 3 opt lauMIFTUG LA

An optimization algorithm for behavior of Siamese Rhinoceros Beetles: 49

solving the Traveling Salesman Problem

wuy 3 qﬂmmsnaﬁﬁdmﬁmaumauﬁumﬂﬁ 21=7
LN LAZMIRNUGUAUILDL 4 90 16 2% -1 = 15 1dw
MILAETINNTIALFUNILL UM IFUFAUAIUAUILLL 3 99
ez 4 99 Tagldnannsiaudsfinanundsdu e
NITONINWIUVBINMIRAUGILAUS LRSTIWIUVDILEUN
AAALUYBINITRIANA DA NI AU BITAN 3TNV
A9 lunstaed 3 opt lasluudsauvasmsniduniias
%uag’ﬁuﬁﬂmmaaﬂdwﬁﬁ'mu@ (n) lagdwrudunid
B U AU IWIUDDININIAT ARG UazswINTiaz
ﬁwmsﬁiwlmwiazsau ITULFIRSDUTIEuEzL A% 3 59 Uas
aunan 3 asilagazld 6 Lﬁuﬁaﬁqmauﬁumw’aﬂlums
AU IEIUAILALS WNTD 14 L§UNNS GauEInIe
ussimazLfion 1 a59 wazaunan 1 a5 daning 1 dalu 1
50U datin Woldning 3 drazlet 3X6 = 18 LdwMIdo 1
38U uaziinaguiiwam 3 aSidamsda 3 1duse 1 185
4 é’aﬁmzﬁaaﬁwmsq&mmﬁu 3X3X6 =54 AS36i0 1 50U
§1%30 3 opt W oRan TN mEwINY LaZS IS
msﬁim‘hmeﬁLﬁ@%muLiﬁﬁjtﬁumaﬁguﬁqm%m%’u
Fagefsninaansauaaslaes (Table 8)

Table 8 Number of routing and random in SiRBA process

for TSP example

Iteration Number of Number of
Number Routing random
3-opt 7 126 378
3-permutations 6 108 324
4-permutations 3 54 216

nl' v v a R 1 >
Hafildannisdszendlfdanaifivvasnineiuy
AuUuTnInIIIaEUNIILUY TSP (Symmetric TSP)
nuguTaltnuldasniduszantaw lasmsiafanilu
% 6 v o ‘:'
mslfiuwuesga wuu 3 opt lgveulumamdiaeud 7 seu
wazULUMIFURAUEIUAILLY 3 90 1FTaulunim
faau 6 30U Uz launIvinuuy 4 70 aldsaulums
wongaagf 3 you dsuaedlu (Table 9) uaz (Figure 8)
LRZNATILFWNIN LA SIRBA 2zl daauad&uwnIg
4y 4 - e o e omm .
fFugafi16.10 Alawas Sadufsuivitnisdraasnisey
= Q! 2=
witen lumauitlymezsansnanizozneadlasn 0.01
Alalwas 3NTzuzng 16.11 AlalNas DIENN1IDbALEU
nalnddszndaninguniann 0.08 Alainasaardu
0.49 % INLFWNILN
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Table 9 Transportation routes from SiRBA

Fitness Iteration
Routing
(km) Number
SiRBA
3-opt 3-4-5-6-8-7-2-1-3 16.10 7
3-permutations 7-8-6-5-4-3-1-2-7 16.10 6
4-permutations 1-2-7-8-6-5-4-3-1 16.10 3
SA* 1-2-7-8-6-5-3-4-1 16.11 50

(*afwNT uazAe. 2555)°

@ Figure B The distance decraases in each round from SiREA

A 00
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A

L1 s an o d-parenulations
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AnuuIUuuaIN IR TIaadFlTIa 15w I
A a 6 a a s & v a

21T MIFURBE MInannitanday udu J3duuy
woanysufidutuaauanauniandswidunannisved
= a K k3 ts‘ d‘v Y o a
danasnyle mluuwmmu"lmmgﬂ UULTBIWOANIINVDY

. A A CA A,
nslumaefaniidnyi uadlwainis ninsduwiNarinnis
A s 6 a = s 2 & s a K
FURUS uazmInanuianndag sahadudanainuves
ni19 SIRBA iallunmsmiengiga dndngavasieiau
wazthandszgndlfiunsuddymimedainysy Sanan
MILARAUNNINTMINNNITARAUAITIAN LFI NUNAY
I@um’sﬁuluﬁ’mﬁagjvmmﬂﬁmau LAY NIFURZLNaN
Aundulasmuduluzifiaglnadaavlasldnasauiu
Wintuiassey uazduuuilymnisdai§uniswuy TSP
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Abstract

The comparative anatomy of 5 subfamilies, 29 genera and 32 species of Apocynaceae in Thailand was studied using
epidermal peeling and cross sections of the leaf blade, margins, midrib and branches. The investigations showed that
anatomical characteristics, such as cuticles striate, papillose or smooth could be used for specific identification.
The epidermal cells are polygonal or jigsaw-like in shape, cell walls are straight or cleft. The types of stomata are
paracytic, cyclocytic, anisocytic and anomocytic, typical stomata or sunken stomata. The shapes of the margin are
rounded-curved, slender, rounded subspherical, acuminate straight, slender curved, rounded straight and acuminate
curved in outline. The adaxial side of midribs are subspherical, straight, curved, concave, or U-shaped and the
abaxial side is U-shaped, V-shaped or straight. The shape of vascular bundles in midrib are U-shaped, V-shaped and
three groups. The leaf blade and branch are with or without of unicellular trichome, multicellular trichome or domatia.
The idiobast of leaf and branch are prismatic crystal, druse crystal, sand crystal, laticifer cells and secretory cells.
However, these characters cannot be used for separation of five subfamilies, which do not correspond with the Endress

and Bruyns’ classification.

Keywords: Anatomy, Apocynaceae, Leaf epidermis, Cross section
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NAaNIIANE
PINMIANINANBULMBINMAMEAIRTITRANE
yanua 5 29dtan 29 ana 32 via wudn WHWlUWL
asludotfasuialuduun (upper epidermis) uas
iiofatuiinludnugns (ower epidermis) saulwgfizing
‘Vimﬂmaw (polygonal) WHI®34 (straight) (Figure 1d)
sniu 5 wiia AdRTITasWINEN (Cleft) Ao MULAS
(Carissa carandas L.) WANIW1Y (Catharanthus roseus)
WONWULNRY2 (Ceropegia thailandica) TNzuIALAN
(Vallaris solanacea) \.ae Tunthu (Wrightia religiosa) 114
mﬁ@ﬁgﬂin’%ﬂﬁnaf (jidsaw-shaped) Wikngndunenan
\Tu Cat. roseus (Figure 1e) MAMAGAANVINILTAR bib
ilafatuinluduunussdusnsvwnariniu Bog 1 54
wazwuLitefetusasa1nin (hypodermis) 1uiTa (Nerium
oleander) (Figure 11) samoAnedavdfinlwiaifiatu
Anluduunuazausnaius (striate) (Figure 1a) Wiy
(papillose) (Figure 1c) #3al38u (smooth) (Figure 1b) U1n
Tuwofiteifatufinluduans (hypostomatis) 26 T4a
waewuiiterdosuinlunissesdn (amphistomatic) 6 %
dnlud 4 woy léud dnlusuulalasladn (cyclocytic)
(Figure 1i) Wi bwéin (paracytic) (Figure 1f) uawalu'lw@n
(anomocytic) (Figure 1g) uazuawlelwlofin (anisocytic)
(Figure 1h) lumadaamurssulngnuinluagszau
Renfumsdiitaifiatuia (typical stomata) LazU1ITHA
wuﬂmltuags:ﬁm‘imhwmﬁlﬁmﬁa%uﬁ’m%aﬂ’mlmm
(sunken stomata) ﬁmuﬂﬂﬂquﬂ’mlu (stomatal crypts) fia
N. oleander (Figure 1l) WUIULTAELAE (unicellular
trichome) (Figure 31) 4 1@ lorur T (Alyxia reinwardtir),
Cat. roseus, Vg@wjd (Holarrhena curtisii) LLa:Lﬂ%aﬁg@l
(Ichnocarpus frutescens) WAZWLUWARELTARLILILD UL
(Multicellular trichome) (Figure 3k) WA Jz8aunadd
(Rauvolfia cambodiana) W8e1373 (Telosma minor) ‘W‘Llﬂq&lL&ﬂ
(papilla) 4 wiia oA LaLBudan (Cryptolepis buchanani)
Wwalanefug (Hoya kerrii) (Figure 3j) N. oleander w8z
Ln3aduay (Toxocarpus villosus) tioiEatuillofg
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tory cells) (Figure 3d-e) (Table 3)
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Figure 1 The anatomy of family Apocynaceae: by epidermal peeling method; (a) cuticles are striate (Cryptolepis

buchanani), (b) cuticles are smooth (Thevetia peruviana), (c) cuticles are papillose (Oxystelma esculentum),
(d) the shapes of epidermal cells are polygonal, cell walls are straight (Oxystelma esculentum), (e) the
shapes of epidermal cells are jigsaw-shaped, cell walls are cleft, (f) paracytic stomata (Aganonerion
polymorphum), (g) anomocytic stomata (Ceropegia thailandica), (h) Anisocytic stomata (Cryptostegia
grandifiora), (i) cyclocytic stomata (Hoya micrantha): cross section of blade; (j) Calotropis gigantean, (k)
Hoya micrantha, (I) Nerium oleander: Du = druse crystals, ep = epidermis, hyp = hypodermis, Lc =
Laticifer cells, Le = Lower epidermis, Pp = papillae, pp = palisade parenchyma, stc = stomaltal crypts, sp
= spongy parenchyma, st = stomata, Ue = Upper epidermis, Mt = Multicellular trichome, Scale = 50

micrometer (a-i), 200 micrometer (j-I)
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Figure 2

The anatomy of family Apocynaceae: by cross section of Midrib; (a) the shapes of lower epidermis are
straight (Alyxia reinwardtii), (b) domatia, (c) curved (Pentasachme caudatum), (d) the shape of vascular
bundle are three group, (e) the shapes of lower epidermis are V-shaped, (f) the shape of vascular bundle
are v-shaped: cross section of margins; (g) the shapes of margins are slender curved (C. buchanani), (h)
acuminate straight (Hoya micrantha), (i) obtuse subspherical (Hoya kerrii): cross section of branch; (j) the
shape of vascular bundle are two group (k) square shape, (I) triangle shape: Bs = Bundle sheath,
ep = epidermal cell, Le = Lower epidermis, Mt = Multicellular trichome, pp = palisade parenchyma, Lc =
laticifer cells, sp = spongy parenchyma, Ue = Upper epidermis, Scale = 200 micrometer (d,k), 500

micrometer (a-c,e-j,l)
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Figure 3  The Anatomy of Family Apocynaceae: by cross section; (a) Gomphocarpus physocarpus, (b) Oxystelma

esculentum, (c) Rauvolfia cambodiana (d) crystal sand crystals and secretory cells of Midrib (Strophanthus
gratus), (e) secretory cells of midrib, (f) druse crystals (Strophanthus gratus), (g) laticifer cells, (h)
prismatic crystals of blade (Wrightia religiosa), (i) secretory cells and prismatic crystals of branch (Alyxia
reinwardltii) (j) Papillae of blade, (k) Multicellular trichome of midrib (Parameria laevigata), (I) Unicellular
trichome of blade: Cs = crystal-sand crystals, Du = druse crystals, ep = epidermis, Mt = Multicellular
trichome, Pc = prismatic crystals, pp = palisade parenchyma, Sc = secretory cells, Ue = Upper epidermis,

Ut = Unicellular trichome, Scale = 50 micrometer (d-g,i-l), 200 micrometer (h), 500 micrometer (a-c)
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Table 1 Samples study and consumption (vegetables) of the Family Apocynaceae

57

Subfamily Scientific Name Thai Name Habitat vegetables
Apocynoideae 1. Aganonerion polymorphum Pierre ex Spire Som Lom C /
2. Aganosma marginata (ROXd). G.Don Khrue Sai Tun C -
3. Holarrhena curtisii King & Gamble Pud Tong S -
4. H. pubescens Wall. ex G.Don Mok Hlong T -
5. Ichnocarpus frutescens (L.) W.T.Aiton Khrue sood (¢} -
6. Nerium oleander L. Yee Tho S -
7. Parameria Laevigata (Juss) Moldenke Soi Su Ma Lee C -
8. Pentalinon luteum (L) B.F. Hansen & Wunderlin Chun kra Chang Pha C -
9. Strophanthus gratus (Wall. ex Hook.) Baill. Yam Phee Nung S -
10. Vallaris solanacea (Roth) O. Kuntze Chom Ma Nad Lek C -
11. Wrightia religiosa Benth. ex Kurz Mok Ban T -
Asclepiadoideae 12. Calotropis gigantea (L.) R.Br. ex Ait. Ruk S -
13. Ceropegia thailandica Meve Hya Phan Kliaw Ph -
14. Cryptolepis buchanani Roem. & Schult. Thao En On C -
15. Gomphocarpus physocarpus E. Mey. Hong Hern S -
16. Hoya kerrii Craib Hua Chai Tod Sa Kun C -
17. H. micrantha Hook. f. Hoya (¢} -
18. Oxystelma esculentum (L.) R.Br. Cha mook Pla Hlod C /
19. Pentasachme caudatum Wall. ex Wight Daw Chon La Than Ph -
20. Telosma minor Craib Kha chon C /
Periplocoideae 21. Cryptostegia grandifiora R. Br. Daw Pra Dub C -
Rauvolfioideae 22. Allamanda cathartica L. Ban Bu Ree Rueng S -
23. Alstonia scholaris (L.) R.Br. Pa ya Sad Ta Bun T -
24. Alyxia reinwardtii Blume Cha Lood S -
25. Carissa carandas L. Hnam Dang S -
26. Catharanthus roseus (L.) G.Don Phang Phuaw S -
27. Kopsia angustipetala Kerr Phod Pak Ped T -
28. Plumeria obtusa L. Lee La Wa Dee Khaw T -
29. P. rubra L. Lee La Wa Dee Dand T -
30. Rauvolfia cambodiana Pierre ex Pitard Ra Yom Hlong S -
31. Thevetia peruviana (Pers.) K.Schum. Rum Pherw T -
Secamonoideae 32. Toxocarpus villosus (Blume) Decne. Thao Wun Dand C -

Note: C = Climber, Ph = Perennial herb, S = Shrub, T = Tree
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Abstract

The aims of this research were comparative studies in species diversity and abundance of butterfly communities, which
were assessed at different elevations in mixed-deciduous forest of Phu Ruea National Park, Loei Province from March
2013 to January 2014. Butterfies were collected by sweeping along line transects (3 km long) at two different
elevations. The two transects were (1) the Suanhin Sra Sawan natural trail (1,341-1,350 m above sea level) and (2)
the Huayphai Waterfall natural trail (910-919 m above sea level). A total of 726 individuals representing 161 species
in 91 genera belonging to five families were recorded. Of these, 350 individuals, 111 species in 67 genera belonging
to five families were found at Suanhin Sra Sawan natural trail and 100 species in 60 genera belonging to five families,
totaling 376 individuals at Huayphai Waterfall natural trail. Differences in species diversity and abundance of butterflies
between the transects were analyzed. The Shannon-Weiner’s index of diversity (H") and Evenness index (EH) were

highest at high elevation and lowest at low elevation. Ypthima baldus baldus (Fabricius, 1775) had the highest
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abundance at high elevation while at lower sites, Eurema hecabe hecabe (Linnaeus, 1758), Eurema simulatrix

sarinoides (Fruhstorfer, 1910), Junonia lemonias lemonias (Linnaeus, 1758) and Ypthima savara savara (Grose-smith,

1887) were most abundant. Butterfly species assemblages from high and low elevation transect were moderately

similar (Ss = 0.47). Finally, the result suggested that high diversity of butterflies at Phu Ruea National Park, might

reflect a high quality habitat, and butterflies could be selected as a good bioindicator of habitat.

Keywords: species richness, butterflies, Phu Ruea National Park
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(Grose-smith, 1887) (HiaFaNaaan¥&a19) Aeivinriu
83.33% 898941 1AUR Ypthima baldus baldus (Fabricius,
1775) (AL&@F0N8AANW15330aN) (Figure 3), Eurema
blanda silhetana (Wallace, 1867) (HLFBLILIAINIA) WAL
Mycalesis intermedia (Moore, 1892) (HLiaaaWNALNA1)
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Figure 3  Some butterfly species in Phu Ruea National Park collected between March 2013 and January 2014, (A)
Eurema hecabe hecabe (B) Eurema simulatrix sarinoides (C) Junonia lemonias lemonias (D) . Ypthima

baldus baldus (E) Ypthima savara savara and (F) Cigaritis syama terana (Bar 1 cm).
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Figure 4  Site collections in Phu Ruea National Park, (A) Suanhin Sra Sawan natural trail and (2) Huayphai

Waterfall natural trail.

Table 1 Number of genera and species of five families of butterflies in Phu Ruea National Park collected between

March 2013 - January 2014.

Number of genera and species of butterflies

Family Suanhin Sra Sawan Huayphai Waterfall Total
Genera Species Genera Species Genera Species

Papilionidae 4 7 4 5 5 10
Pieridae 7 15 4 9 8 18
Nymphalidae 28 55 24 49 36 78
Lycaenidae 21 27 21 27 32 41
Hesperiidae 7 7 7 10 10 14

Total 67 111 60 100 91 161

Table 2 Diversity index (Shannon-Weiner’s index) and Evenness index (EH) of butterflies in Phu Ruea National Park

in two line transect trails between March 2013 - January 2014.

Sites Indices
Diversity index (H") Evenness index (EH)
Suanhin Sra Sawan 4.221 0.896
Huayphai Waterfall 3.951 0.858

Total 4.420 0.870
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Table 3 Number of each butterfly species in Phu Ruea National Park collected between March 2013 - January 2014.

No. Scientific name Number of individuals of butterflies (natural trails) Total of
individuals
Mar May July Sep Nov Jan Trails Total

1 2 1 2 1 2 1 2 1 2 1 2 1 2

Family Papilionidae
1 Atrophaneura varuna zaleucus 0 1 0 1 0 1 0 0 0 0 0 0 0 3 3

2 Graphium agamemnon agamemnon 2 0 0 0 0 0 0 0 0 0 0 0 2 0 2
3 Graphium sarpedon sarpedon 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1

4 Pachliopta aristolochiae goniopeltis 0 1 0 0 1 0 0 0 0 0 0 0 1 1 2

5  Papilio clytia clytia 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1
6 Papilio demoleus malayanus 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1
7 Papilio helenus helenus 5 0 5 0 1 1 0 0 0 0 0 0 11 1 12
8 Papilio memnon agenor 0 1 0 1 0 0 0 0 0 0 0 0 0 2 2

(f. gynandromorph)

9 Papilio polytes romulus 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1
10  Troides aeacus aeacus 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1
Total 10 3 6 3 2 2 0 0 0 0 0 0 18 8 26

Family Pieridae
11 Appias albina darada 0 0 6 0 0 1 0 0 0 0 0 0 6 1 7
12  Catopsilia pomona pomona 0 0 8 0 0 0 0 0 0 0 0 0 8 0 8

(f. alcmeone)
13  Catopsilia pomona pomona 0 0 8 0 0 0 0 0 0 0 0 0 8 0 8

(f. crocale)

14  Catopsilia pomona pomona 0 0 7 0 0 0 0 0 0 0 0 0 7 0 7
(f. jugurtha)

15  Catopsilia pomona pomona 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1
(f. hilaria)
16  Cepora nadina nadina 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1
17  Delias descombesi descombesi 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1
18 Delias pasithoe beata 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1
19  Eurema blanda silhetana 0 1 0 6 0 0 0 3 0 7 0 0 0 17 17
20 Eurema brigitta hainana 1 0 0 0 5 0 9 0 0 0 1 0 16 0 16
21 Eurema brigitta senna 1 0 0 0 0 0 11 1 1 0 0 0 13 1 14
22  Eurema hecabe hecabe 1 0 1 1 2 10 0 4 1 9 1 2 6 26 32
23 Eurema laeta pseudolaeta 0 0 0 1 0 0 1 0 0 0 0 0 1 1 2
24  Eurema simulatrix sarinoides 0 2 0 6 1 3 6 7 0 4 1 0 8 22 30
25  Eurema simulatrix tecmessa 2 5 0 0 0 0 0 2 0 2 0 0 2 9 11
26  Leptosia nina nina 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1
27  Pieris rapae crucivora 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1
28  Prioneris thestylis thestylis 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1

Total 8 8 32 14 8 14 27 17 2 24 3 2 80 79 159
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Table 3 Number of each butterfly species in Phu Ruea National Park collected between March 2013 - January 2014.

(Continue)
No. Scientific name Number of individuals of butterflies (natural trails) Total of
individuals
Mar May July Sep Nov Jan Trails Total

1 2 1 2 1 2 1 2 1 2 1 2 1 2

Family Nymphalidae

29  Ariadne merione tapestrina 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1
30 Athyma cama cama 0 0 0 0 3 0 0 0 0 0 0 0 3 0 3
31  Athyma larymna siamensis 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1
32  Athyma nefte asita 0 0 1 0 0 0 0 0 0 0 1 0 2 0 2
33  Athyma opalina shan 1 1 0 0 1 0 0 0 0 0 0 0 2 1 3
34  Athyma perius perius 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1
35 Athyma selenophora bahura 0 0 0 0 0 0 2 0 0 0 0 0 2 0 2
36  Cethosia biblis biblis 2 0 0 0 0 0 0 0 0 0 2 0 4 0 4
37 Cethosia biblis perakana 0 0 1 0 1 0 0 0 2 0 0 0 4 0 4
38  Cirrorhroa tyche mithila 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1
39 Cupha erymanthis erymanthis 0 0 0 6 0 0 0 0 0 1 0 0 0 7 7
40 Cynitia lepidae sthavara 0 0 0 0 0 0 2 0 0 0 0 0 2 0 2

41  Dichorragia nesimachus nesima- 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1

chus
42  Enispe duranius corbeti 0 0 0 1 0 0 0 1 0 0 0 0 0 2 2
43  Euploea core godartii 1 6 3 1 0 0 0 0 0 0 0 0 4 7 11
44  Euploea mulciber mulciber 0 6 5 4 0 0 0 0 0 0 1 5 6 15 21
45  Euploea orontobates 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1
46  Euripus nyctelius nyctelius 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1
47  Euthalia alpheda verena 0 0 0 0 1 0 0 (0] 0 0 0 0 1 0 1
48  Faunis eumeus incerta 0 0 0 0 0 0 0 0 0 0 2 0 2 0 2
49  Hestina nama nama 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1
50 Hypolimnas bolina jacintha 0 1 1 0 0 0 0 0 0 0 0 0 1 1 2
51 Ideopsis vulgaris contigua 0 0 1 2 0 0 0 0 1 4 0 0 2 6 8
52  Ideopsis vulgaris macrina 0 1 0 0 1 0 0 0 1 4 0 0 2 5 7
53  Junonia almana almana 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1
54  Junonia iphita iphita 0 1 0 0 1 0 2 3 0 0 0 0 3 4 7
55  Junonia lemonias lemonias 0 0 0 1 2 5 1 5 3 6 2 1 8 18 26
56  Kallima inachus siamensis 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1
57  Laringa harsfieldi glaucescens 0 0 9 0 0 0 0 0 0 0 0 0 9 0 9
58 Lethe confusa apara 0 0 0 0 0 0 1 1 0 0 3 0 4 1 5
59 Lethe eropa niladana 0 1 0 0 0 0 0 0 0 1 0 0 0 2 2

60 Lethe makara crijnana 0 1 0 0 0 0 0 0 0 1 0 0 0 2 2
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Table 3 Number of each butterfly species in Phu Ruea National Park collected between March 2013 - January 2014.

(Continue)

No.

Scientific name

Number of individuals of butterflies (natural trails) Total of
individuals
Mar May July Sep Nov Jan Trails Total

1 2 1 2 1 2

61

62

Lethe gulnihal peguana

Lethe rohria rohria

0 0 0 0 1 0

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

Lexias pardalis dirteana
Lexias pardalis jadeitina
Melanitis leda leda

Melanitis zitenius auletes
Mycalesis adamsoni
Mycalesis anaxioides
Mycalesis anaxias aemate
Mycalesis distanti

Mycalesis francisca sanatana
Mycalesis gotama charaka
Mycalesis intermedia
Mycalesis maianeas maianeas
Mycalesis perseoides

Neptis clinia leuconata
Neptis hylas kamarupa
Neptis hylas papaja

Neptis sappho astola

Neptis yerburii pandoces
Neptis zaida putoia
Parasarpa dudu dudu
Pantoporia hordonia hordonia
Parantica aglea melanoides
Parantica melaneus plataniston
Parantica sita ethologa
Parthenos sylvia apicalis
Penthema darlisa melama
Phaedyma columella martabana
Phalanta alcippe alcippoides
Phalanta phalanta phalanta
Polyura athamas samatha
Tanaecia julii odilina

Thaumantis diores diores

10

18
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Table 3 Number of each butterfly species in Phu Ruea National Park collected between March 2013 - January 2014.

(Continue)
No. Scientific name Number of individuals of butterflies (natural trails) Total of
individuals
Mar May July Sep Nov Jan Trails Total

1 2 1 2 1 2 1 2 1 2 1 2 1 2

95  Tirumala septentrionis septentrionis 0 0 3 1 1 1 0 0 0 0 0 0 4 2 6

96 Vindula dejone erotella 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1
97  Vindura erota erota 1 0 0 0 1 0 0 0 0 1 0 0 2 1 3
98  Ypthima baldus baldus 5 2 4 1 2 6 8 0 12 14 0 0 31 23 54
99  Ypthima baldus newboldi 0 0 0 0 0 0 0 28 0 2 0 0 0 30 30
100 Ypthima horsfieldii humei 0 0 0 0 0 5 0 0 0 0 3 0 3 5 8
101 Ypthima huebneri 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1
102 Ypthima lisandra bara 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1
103 Ypthima pandocus corticaria 0 0 0 0 0 0 5 0 0 0 0 0 5 0 5
104 Ypthima savara savara 0 4 0 1 2 2 0 1 0 0 0 2 2 10 12
105 Ypthima similis similis 1 0 0 1 0 0 0 1 0 0 0 2 1 4 5
106 Ypthima singorensis indosinica 0 0 0 0 2 0 0 0 1 0 0 0 3 0 3
Total 27 37 42 22 30 32 31 58 24 47 19 21 173 217 390

Family Lycaenidae

107 Abisara abnormis 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1
108 Abisara geza niya 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1
109 Acytolepis puspa lambi 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1

110 Arhopala eumolphus eumolphus 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1

111 Bothrinia chennelli celastroides 11 0 0 0 0 0 0 0 0 0 0 1 11 1 12
112  Catochrysops strabo strabo 0 0 0 1 0 0 0 0 1 0 1 0 2 1 3
113 Celatoxia marginata marginata 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1
114  Celastrina lavendularis limbata 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1
115  Cheritra freja evansi 0 0 0 1 0 0 0 0 0 0 0 1 0 2 2
116 Cigaritis syama terana 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1
117 Discolampa ethion thalimar 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1
118 Euchrysops cnejus cnejus 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1
119 Everes hueselii dipora 1 0 0 0 1 0 0 0 0 0 0 0 2 0 2
120 Flos fulgida singhapura 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1
121 Heliophorus ila nolus 0 0 0 0 0 0 0 0 0 2 0 0 0 2 2

122 Hypolycaena amasa maximinianus 0 0 0 0 1 0 0 0 0 1 0 0 1 1 2

123 Iraota timoleon timoleon 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1
124  Jamides abdul abdul 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1
125 Jamides alecto ageladas 1 4 2 1 2 0 0 0 0 0 0 0 5 5 10

126 Jamides bochus bochus 0 10 1 0 0 0 0 0 0 0 0 0 1 10 11
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Table 3 Number of each butterfly species in Phu Ruea National Park collected between March 2013 - January 2014.

(Continue)
No. Scientific name Number of individuals of butterflies (natural trails) Total of
individuals
Mar May July Sep Nov Jan Trails Total
1 2 1 1 1 1 1 2
127 Jamides celeno aelianus 0 0 1 0 1 4 6 2 8
128 Jamides celeno celeno 3 5 0 0 0 0 4 5 9
129 Jamides pura pura 0 0 0 0 0 0 0 3 3
130 Lampides boeticus 1 0 0 0 0 0 1 1 2
131 Leptotes plinius 0 1 3 0 0 0 3 2 5
132 Logania regina sriwa 0 0 0 1 0 0 1 0 1
133 Loxura atymnus continentalis 0 0 0 0 0 0 0 2 2
134  Miletus mallus mallus 0 0 0 1 9 0 10 0 10
135 Nacaduba angusta albida 0 0 0 0 1 0 1 1 2
136 Nacaduba kurava euplea 1 0 0 0 0 0 1 0 1
137 Nacaduba subperusia lysa 1 0 0 0 0 0 1 0 1
138 Pithecops corvus corvus 1 0 0 0 0 0 1 0 1
139 Simiskina phalia potina 0 1 0 0 0 0 0 1 1
140 Spalgis epius epius 2 0 0 0 0 0 2 0 2
141  Surendra vivarna amisena 0 0 0 0 0 0 0 1 1
142 Udara placidula howarthi 0 5 0 0 0 0 0 5 5
143 Zemeros flegya sallica 0 0 0 0 2 0 2 0 2
144  Zizeeria maha maha 2 4 1 0 0 0 3 6 9
145  Zizina otis lampa 2 0 0 1 0 0 3 1 4
146 Zizina otis sangra 0 0 1 1 0 0 2 1 3
147  Zizula hylax hylax 0 0 0 0 0 0 0 1 1
Total 27 32 10 10 14 5 69 60 129
Family Hesperiidae
148 Aeromachus pygmaeus 0 0 0 1 0 0 1 0 1
149 Celaenorrhinus ladana 0 0 0 0 0 0 0 1 1
150 Celaenorrhinus munda maculicornis 0 0 0 0 0 0 0 2 2
151 Hasora taminatus bhavara 0 0 0 0 1 1 2 0 2
152 Isma protoclea bicolor 0 0 0 0 0 0 0 1 1
153 Lambrix salsala salsala 0 0 0 0 0 0 0 1 1
154  Notocrypta curvifascia curvifascia 1 0 0 0 0 0 1 1 2
155 Notocrypta paralysos asawa 0 1 0 0 0 0 0 1 1
156 Potanthus nesta nesta 0 0 0 2 0 0 2 1 3
157 Psolos fuligo subfasciatus 1 0 0 0 0 0 1 2 3
158 Tagiades japetus atticus 0 0 0 0 0 0 0 1 1
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Table 3 Number of each butterfly species in Phu Ruea National Park collected between March 2013 - January 2014.

(Continue)
No. Scientific name Number of individuals of butterflies (natural trails) Total of
individuals
Mar May July Sep Nov Jan Trails Total
1 2 1 2 1 2 1 2 1 2 1 2 1 2
159 Tagiades japetus ravi 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1
160 Tagiades ultra 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1
161  Udaspes folus 0 0 0 0 1 0 1 0 0 0 0 0 2 0 2
Total 2 1 0 0 4 3 3 1 1 6 0 1 10 12 22
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Effect of siam weed leaf extract, Chromolaena odorata (L.) R.M. King & H. Rob) in

controlling cowpea aphid, Aphis craccivora Koch (Hemiptera: Aphididae)
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Abstract

The repellent, insecticidal and anti-feedant activity of ethanol extracts from siam weed leaf extract, Chromolaena
odorata (L.) R.M. King & H. Rob) were tested on cowpea aphid, Aphis craccivora Koch. The leaf dipping method was
applied with different concentrations of siam weed leaf extract (0, 0.3125, 0.625, 0.125, 0.25 and 5% (w/v)). The results
indicated that the repellent, insecticidal and anti-feedant activity of siam weed leaf extract on cowpea aphid were
significantly effective (p<0.05) when compared with the control. At 5% of siam weed leaf extract, the percent repellent
and percent mortality were the highest 100% and LC50 value with 1.25 at 24 hours when compared with the control.
The anti-feedant activity, the number of probing was higher when the concentration was higher. At 5%, the number
of probing was highest (8.20 + 0.74) when compared with the control (1.20 + 0.48). Time of penetration was lower
when the concentration was higher; at 5%, the time of penetration was lowest (0.17+ 0.03 min) when compared with
the control (8.74 + 1.03 min). The behavior of cowpea aphids responds to tests of host acceptance for feeding. The

cowpea aphids cannot penetrate into the host plants, while the host plants are unsuitable.

Keywords: extract, siam weed leaf, cowpea aphid
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Table 1 Effect of repellent activities of siam weed leaf extract on cowpea aphid after 12 and 24 h

concentration Duration of exposure Number of cowpea aphid / h
(%) (wiv) 12h (%) repellent 24h (%) repellent

0 0.00 + 0.00 © 0.0 0.00 +0.00 ° 0.0

0.3125 510 +0.74 ® 2.0 540 +0.48"° 8.0
0.625 530 +0.48® 6.0 5.80 +0.48"° 16.0
1.25 6.00 + 0.48° 20.0 6.60 + 0.48° 32.0

2.5 6.80 + 0.48° 36.0 8.60+048° 72.0
5 8.00+0.48° 60.0 10.00 + 0.00 ° 100.0

* Mean values in the same column with the same letter do not differ significantly (P < 0.05 according to DMRT).
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Table 2 Effect of insecticidal activities of siam weed leaf extract on cowpea aphid after 24 and 48 h

concentration Duration of exposure Number of cowpea aphid / h
0,
(%) (whv) 24h mortality (%) 48h mortality (%)
0 0.0 + 0.00 * 0.0 0.0 +0.00 ° 0.0
0.3125 1.33+047 13.3 2.00+0.81° 20.0
0.625 333+047° 33.3 3.33 +0.47° 33.3
1.25 5.00 + 0.00° 50.0 6.00 +0.81 % 60.0
25 8.33+047 % 83.3 833+094%® 83.3
5 10.00 + 0.00 ° 100.0 10.00 + 0.00 ° 100.0

* Mean values in the same column with the same letter do not differ significantly (P < 0.05 according to DMRT).
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+1.03 w1l (Table 3)
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in controlling cowpea aphid, Aphis craccivora Koch (Hemiptera: Aphididae)

Table 3 Effect of anti-feedant activities of siam weed leaf extract on cowpea aphid after 15 min

concentration (%) (w/v) Mean number of probing Mean time spent of probing (min)
0 1.20 + 0.48 ° 8.74 +1.03°
0.3125 2.60 +0.48° 1.44 +0.33°
0.625 320 +048° 1.11+0.34°
1.25 6.40 + 0.63 ° 0.29 +0.13°
25 7.20 +0.74° 0.23 +0.04°
5 8.20 + 0.74° 0.17 +0.03°

* Mean values in the same column with the same letter do not differ significantly (P < 0.05 according to DMRT).
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Species diversity of land snails in some small forest patches in Si Sa Ket province

PN aFd, siews quilgivad, Anduas quigisvoae
Chutima Sasang', Chanidaporn Tumpeesuwan?, Sakboworn Tumpeesuwan®*
Received: 7 March 2017 ; Accepted: 26 May 2017

Unanga

nnmafudagmasmnunluiuiindanthawaiin 3 udluimiasassineldun ﬂﬂﬁﬂﬂﬂqwﬁuﬁﬁumw (ﬁmn
RBTUN3) thuwiufisnusudni (Yathwnsnaaily) LLa:ﬂ’]ﬁﬂﬂﬂQNﬁuﬁﬁuﬂum’ﬂW (@ie) lasltudasdrsravma
20 x 20 LUAT I1WIH 2 4 1Az 4 tilad mua"ﬁﬁuLﬁ‘ué‘hazhﬂquuﬁaua:qgsluluﬂ W.91.2556 WURBINNUNTIRUA 991
dasns wiadluilden 864 §agns (87.70%) uazdnodafgeidin 127 da08n (12.30%) Sunnld 8 296 13 Tfia
Ietun nosmnundidddawdan 2 wiie @8 Cyclophorus sp.uas Cyclotus setosus wegynnlifidan 1 wiia da
Semperula siamensis waznasmnunfiluiihdawden 10 wiia da Achatina fulica, Succinea tenella, Cryptozona
siamensis, Hemiplecta distincta, Sitala sp., Quantula weinkauffiana, Quantula sp., Amphidromus (Amphidromus)
inversus annamiticus, Chloritis sp. W8 Pseudobuliminus (Giardia) siamensis Ia U‘ﬁﬁ@lﬁwuluﬁv'uﬁﬁu ﬁ?amdﬁy’d 3 UnY
leun Cyclophorus sp., C. siamensis, H. distincta, Q. weinkauffiana Wae Quantula sp. lummxﬁmﬂmnunﬁ'wmaww:
RMufiRunToda Chioritis sp. wazriafinuanzthfisiusugiihae Semperula siamensis, Su. tenella, Sitala sp.,
A. (A.) inversus annamiticus LLa:mﬁﬂﬁwumww:ﬂwﬁﬂnﬂqwﬁug ' lwW@a Cyclotus setosus uaz Ac. fulica AN TANEN
ﬂ%’dﬁwuimsiauﬂﬂﬁim%uéﬂﬁwﬁmwwmnmﬁ@LLa:ﬁﬁ%ﬁmwwmnmﬁwawammﬂungd‘ﬁqﬂ weauTUuAUA
ﬁumwﬁmwwmmﬁwﬁwﬁqaLLa:%ﬂ'awﬂwuuﬁuﬁﬁug L“ﬂﬂ"L‘V\Iﬁé‘ﬂnﬁmwwmnmﬁmﬁﬁqﬂ fRIUAATHA LAWY
ﬁmﬂ'awﬂmuﬁu‘ﬁ'ﬁugLm"lw;‘iﬂ'mﬂﬂﬁqma:ﬂwﬁim’%m‘hﬁwﬁ@hﬁaﬂﬁq@ shavssmosmnunfinuluiuingauti
uuﬁuﬁﬁugL“ﬂﬂ"LWﬁimmﬂéﬁmﬂﬁaﬁ’uﬁuﬁﬁumﬂﬂmnﬂiwﬂﬂﬁiw’%uﬁwﬁﬂ wazndanthuuiuiifunseiuihfinusy

1%
o _ o

fihdenuasuadiiuiaisiatasiige

A

o o V a ] ' z Cilﬂ g lﬂl i a o Qol s s =
ANFIA: AIVNIINKRATILNIIDTININ nelaul AuNAUNTIY W%Y]W%QL"IJ’]VLW TF0811HT WRIAAIFEING

Abstract

Species diversity of land snails in Si Sa Ket Province was studied in three small forest patches on (1) sandstone
substrate (Namtok Haui Chan), (2) riverine forest on floodplain (Wat Pa Buddha Kut Saming), and (3) volcanic rock
substrate (Phu Fai). Land snails were collected in both dry and rainy seasons in 2013 from 10 plots of 20x20 m?
(2, 4 and 4 plots in each locality, respectively). A total of 991 specimens were collected, which comprised 864 empty
shells (87.70%) and 127 living snails (12.30%). These snails were identified into 8 families and 13 species
including:- Subclass Prosobranchia comprising Cyclophorus sp. and Cyclotus setosus; Subclass Gymnomorpha
comprising Semperula siamensis; and Subclass Pulmonata comprising Achatina fulica, Succinea tenella, Cryptozona
siamensis, Hemiplecta distincta, Sitala sp., Quantula weinkauffana, Quantula sp., Amphidromus (Amphidromus)

inversus annamiticus, Chloritis sp., Pseudobuliminus (Giardia) siamensis. The following species were found in all three
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study areas:- Cyclophorus sp., C. siamensis, H. distincta, Q. weinkauffiana, and Quantula sp. Chloritis sp. was found
only in the sandstone area, whereas, Semperula siamensis, Su. tenella, Sitala sp. and A. (A.) inversus annamiticus
were found only in the riverine forest patch. Cyclotus setosus and Ac. fulica were found only in the forest patch on
volcanic rocks. The results from this study reveal that the riverine forest patch had the highest number of land snail
species and highest species diversity index, whereas the forest patch on sandstone had the lowest number of species
while the forest patch on volcanic rock had the lowest species diversity index of land snails. The dominance species
index was highest for the forest patch on volcanic rock and lowest for the patch of riverine forest. In addition, the
similarity coefficient comparing the forest patches on volcanic rock and sandstone was higher than that comparing the

volcanic rock and riverine forest. The similarity coefficient was lowest on the sandstone and riverine forest patches.

Keywords: Biodiversity, Forest patch, Sandstone area, Volcanic rock area, Riverine Forest, Si Sa Ket Province.
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Figure 1 Geologic Map of Si Sa Ket Province and the Study Areas. A, Geologic Map; B, Sandstone Area (Nam
Tok Huai Chan); C, Floodplain Area (Wat Pa Buddha Kut Saming); D, Volcanic Rock Area (Phu Fai).

(modified after Department of Mineral Resources, 2007"" and Google Maps ™).
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Figure 2 Sampling plots for; A, Leaf litter depth; B, Herbaceous vegetation; C, Percent covered; D, Leaf litter

diversity. (Adapted after Tumpeesuwan et al., 2014'°)
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snfudiwnzvesmnundiulnajfinesannly iy
Wanaz Wiasnduanms wananiisusnanduldise
SnmanusulivliRutimunziunsegends w3y
dulavasiengtenaay wasiuiufinnonmsnautos
daeldlulifvuanvesiaifauannuintes (detrit-
vore) agHNnagNINUN

Table 1 Land snails recorded in 3 forest patches in Si Sa Ket Province (D = Dry Season; R = Rainy Season

Study Areas Total
Landsnail species Huai Chan Kut Saming Phu Fai specimens
D R D R D R

Cyclophorus sp. 10 18 12 1 163 152 356
Cyclotus setosus 0 0 0 0 53 128 181
Semperula siamensis 0 0 0 1 0 0 1
Achatina fulica 0 0 0 0 1 3 4
Succinea tenella 0 0 0 6 0 0 6
Cryptozona siamensis 2 8 8 20 72 48 158
Hemiplecta distincta 18 56 19 32 11 1 137
Sitala sp. 0 0 0 13 0 0 13
Quantula weinkauffiana 5 0 15 0 26 0 46
Quantula sp. 0 35 0 11 6 9 61
A. (A.) inversus annamiticus 0 0 17 1 0 0 18
Choritis sp. 0 2 0 0 0 0 2
Pseudobuliminus siamensis 0 6 0 0 0 2 8
Total Species 7 9 8 13
Total Specimens 160 156 675 991
Species Diversity Index (H) 1.4536 1.9070 1.3570 1.8216
Dominance Species Index (C) 0.2988 0.1820 0.3235 0.2122
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Table 2 Abundant and Density of Land snail species in Both Rainy and Dry Season
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Species Dry Season Rainy Season

Number of specimens | Density (specimens/m?) |[Number of specimens| Density (specimens/m?)
Cyclophorus sp. 185 0.046 171 0.043
Cyclotus setosus 53 0.013 128 0.032
Semperula siamensis - - 1 0.0003
Achatina fulica 1 0.0003 3 0.0008
Succinea tenella - - 6 0.0015
Cryptozona siamensis 82 0.021 76 0.019
Hemiplecta distincta 48 0.012 89 0.0223
Sitala sp. - - 13 0.0033
Quantula weinkauffiana 46 0.0115 - -
Quantula sp. 6 0.0015 55 0.014
A. (A.) inversus annamiticus 17 0.0043 1 0.0003
Choritis sp. - - 2 0.005
Pseudobuliminus siamensis - - 8 0.002
Total 438 0.1095 553 0.1383

Table 3 Sorensen’s similarity coefficient (Ss) of lands nails

species between each forest patch.

Forest Patches Huai Chan Kut Saming Phu Fai
Huai Chan 1
Kut Saming 0.774 1
Phu Fai 0.833 0.8 1
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Figure 3  Land snails of Si Sa Ket Province: A = Cyclophorus sp.; B = Cyclotus setosus; C = Achatina fulica; D =

Cryptozona siamensis; E = Hemiplecta distincta; F = Quantula weinkauffana; G = Quantula sp.; H =
Chloritis sp.; | = Amphidromus (Amphidromus) inversus annamiticus; J = Pseudobuliminus (Giardia)

siamensis; K = Semperula siamensis; L = Succinea tenella, M = Sitala sp.
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Relationship among; A, Percent soil surface cover and number of species (R2 = 0.057, p = 0.508); B,

Percent plant surface cover and number of species (R2= 0.2542, p = 0.137).
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Figure 5. Relationship among; Leaf litter diversity and number of species. (R*= 0.1272, p = 0.312)
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Abstract

The Songkhla lake basin is an area where flooding causes damage to people and properties. In this study, the factors
affecting flooding were analyzed. All factors were considered in areas that had experienced past flooding between
2007 and 2014 using a decision tree model. The study provided evidence that the factors influencing flooding comprised
1) land use and land cover, 2) surface drainage, 3) altitude, and 4) stream network density. The evaluation efficiency
of the model was addressed. The outcomes could be divided into 6 categories: correct classification instances,
incorrect classification instances, precision, recall, F-measure and receiver operating characteristics (ROC) curve were
95.21%, 4.79%, 0.896, 0.813, 0.853 and 0.895 respectively.

Keywords: Flood, Songkhla lake basin, Decision tree, Susceptibility mapping
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Figure 9 Flood Suscepibility Map
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Predictive approach for corrosion study of low alloy steel in a simulated coastal atmosphere
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Abstract

This article presents a predictive approach to study the corrosion behaviors of low alloy steel in a simulated coastal
environment using linear bi-logarithmic law. The corrosion mass loss was monitored to gain the transition of the
corrosion kinetics and Scanning Electron Microscopy (SEM) was used to observe rust morphologies. The results
showed that the kinetics of corrosion process of steel can be divided into two stages i.e. a higher rate in the first stage
and a lower rate in the second stage. Observations on rust morphologies revealed that the rust layer was thin and
porous in the first corrosion stage, but it became thicker and more adherent on the surface in the second stage.
This finding indicated the accuracy of kinetics transition of corrosion processes. Thus, the kinetics constant value from
each corrosion stage can be used with the modified linear bi-logarithmic law to provide the predictive information of

low alloy steel exposed to a simulated coastal environment.
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Concentration effects on the spectra of fluorescence dyes in aqueous solution
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Abstract

In this study, the objective was to show that the concentration of a fluorescent dye solutions plays an important role
in changing line spectra of aqueous solutions by using the technique called laser induced fluorescence (LIF). The
fluorescent dyes used were Fluorescein, Bromofluorescein, Rhodamine 6G and Rhodamine B and were prepared in
solution by diluting with water to obtain concentrations from 10° to 10 molar. The sample solutions were stimulated
by a laser diode (395 nm), and the fluorescence emission spectra from sample solutions were measured and
recorded with a CCD spectrometer system. The results showed that when the concentration of the fluorescent dye
solutions increased, the fluorescence spectra shifted to a lower energy (longer wavelength). The behavior of
fluorescence spectra changed when the concentration of the fluorescent dye solutions was increased, which may have

been caused by an inner-filter effect inside the fluorescent dye solutions.

Keywords: concentration effect, inner-filter effect, dimer, reabsorption
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Introduction

Concentration effect is one of the environmental factors
that affects to fluorescence spectra. Changing of concentration
will result in changing of fluorescence spectra. There are
two forms of change which include the intensity shift and
wavelength shift, when the concentration was changed.
Fluorescence intensity will shift, which is based on Beer’s
law. According to the theory, fluorescence intensity that
emitted out will depend on number of particle or molecule
being able to absorb energy in order to stimulate atoms,

which can be expressed as the Equation 1.

(-2.3ebc)®  (-2.3ebc)’

F=KP {2.3ebc—
° 2| 3

=} (1)

Where F is the fluorescence intensity emitted,
K' is constant dependent on quantum efficiency, P0 are
intensities of incident, € is the molar absorptivity coefficient,
b is the optical path length and C is the concentration of
the dye solution. The equation above shows that the
fluorescence intensity is directly proportion to the concentration
of the dye solution. When we plotted both parameters,

we will get a straight line but when increasing the
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Figure 1 The concentration effect on fluorescence

intensity maxima in various dye sample solutions®.

In this research we will study the concentration
effect on fluorescence spectra of each fluorescent dye
such as Fluorescein, Bromofluorescein, Rhodamine B and

Rhodamine 6G in water solution by using laser induced

J Sci Technol MSU

concentration of the dye solution the intensity of the
fluorescence emitted is reduced® as shown in Figure 1.

The wavelength shift occurs at the increasing
concentration of the dye solution due to inner-filter effect
which is phenomenon that will change fluorescence
spectra. It can be explained by two mainly models including
incorporation of dimer formation and re-absorption model*®.
Dimer occurs when the concentration of the dye solution
is increased the molecules that are monomers form
together®. The molecular structure of the monomer and
dimer is different and it results in the absorption spectra
and emission spectra changes too.

Re-absorption occurs because molecules of the
dye solution can absorb fluorescence emitted. Intensity
of fluorescence emitted is reduced by using a graph of
Stoke to explain this phenomenon’. Figure 2, shows that
the overlapping between absorption and fluorescence
spectra of some fluorophore species®. If overlapping zone
between absorption spectra with fluorescence spectra of
fluorescent dye sample increases, the re-absorption effect
on fluorescent dye solution increases and it damages the
shape of fluorescence spectra over another fluorescent

dye solution species that has smaller overlapping zone’.
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Figure 2 Absorption and fluorescence emission

spectra of peryleneg.

fluorescence (LIF) technique. It is also included with the
discussion in relation to fluorescence spectra changes as

the result of inner-filter effect on fluorescent dye solutions.
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Materials and Methods

The experiment was conducted using solute
including four types of fluorescent dyes namely Fluorescein,
Bromofluorescein, Rhodamine 6G and Rhodamine B. The
solutions were prepared with water to obtain the concen-
trations from 10° to 10”° molar. The sample solutions were
put into the cuvette which is made from quartz cuvette
standard size in order to let light pass through almost
100%. The fluorescence dye sample solutions were
illuminated with a laser diode (395 nm, 500 pW) as an
excitation source. Fluorescence spectra of dye solutions
were measured and recorded with the CCD spectrometer
system which was set up perpendicularly to the excitation
radiation in order to reduce the scattering of light, and the
fluorescence spectra data was averaged 10 times so that
the data was more accurate. Finally, the fluorescence
spectra of each dye solution species were analyzed by

peak fit analysis method in order to understand the
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behavior of fluorescence spectra dependent inner-filter

effect in various concentrations.

Results and Discussion

When the molecules of fluorescent dye solutions
was excited by 395 nm purple laser, the molecules will
change level energy up to excited state. At this state, the
molecules are unstable and released energy in the form
of fluorescence emission at 500-650 nm. In Figure 3
shows the fluorescence spectra of fluorescent dye
solutions including Fluorescein, Bromofluorescein,
Rhodamine 6G and Rhodamine B respectively. From it
shows that the fluorescence spectra were changed when
the concentration was change. The result is similar in all
fluorescent dye solution species. The fluorescence
spectra changes in two terms including fluorescence
intensity maxima shift and wavelength position at

fluorescence intensity maxima shift.
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The relationship between the wavelength and fluorescence intensity of each dye solution species including

of Fluorescein (A), Bromofluorescein (B), Rhodamine 6G (C) and Rhodamine B (D) at temperature of 25

°C at various concentrations.
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The Fluorescence spectra were analyzed by
fitting program (Peak functions, R* = 0.996-0.999) in order
to find the value of fluorescence intensity maxima and
wavelength position at fluorescence intensity maxima. The
relationship between normalized fluorescence intensity

maxima with various concentrations is shown in Figure 4.
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From Figure 4, the results have a trend to changes in the
same way in all fluorescent dye solution species. The
value of fluorescence intensity maxima increases linearly
in low concentration range (<10 Molar). However, at high
concentration the value of fluorescence intensity maxima

decreases which can be explained by Equation 1.
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Figure 4 Concentration effect on fluorescence intensity maxima at various fluorescent dye species such as

Fluorescein (A), Bromofluorescein (B), Rhodamine B (C) and Rhodamine 6G (D) in water solution.

However, the concentration of fluorescent dye
solutions did not only affect the change of fluorescence
intensity maxima but still affect the wavelength position
at fluorescence intensity maxima. So that the fluorescence
spectra data was normalized in order to find the wave-
length position of fluorescent dye solution species at
different concentrations. Figure 5 shows fluorescence

spectra that are normalized of Fluorescein solution which

we can see that the wavelength position at fluorescence
intensity maxima was shifted into higher wavelength when
concentration increases in the same way when the spec-
tra of Bromofluorescein, Rhodamine B and Rhodamine
6G are normalized and the relationship between the
wavelength position shift with concentration of each dye

solution species is shown in Figure 6.
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Figure 5 Normalized intensity relationship of

Fluorescein solutions at various concentrations.

Form Figure 6, it can be seen that the value of
wavelength position at fluorescence intensity maxima
shifted to higher wavelength when concentration was
increased. This behavior can be explained by inner filter
effect that occurred in solution that has hypothesis in
appearance in two factors. The first one is during low
concentration we rarely find dimer in other word dimer
have no effect on a change of overall spectra but when
concentration is higher the amount is higher as well until
it has enough effect that it obviously changes fluorescence
spectra into higher wavelength. However, we cannot
abandon the effect of reabsorption because it is possible
that a shift of wavelength position is caused by reabsorp-
tion. At low concentration, overlapping of absorption and
fluorescence spectra is low so the reabsorption rarely
occurred. So fluorescence spectra hardly changed when
concentration is higher overlapping increase. The reab-
sorption of molecules increases as well so the fluores-

cence spectra shifted clearly.

Conclusion

Effect of concentration has a significant influence on
behavior of fluorescence spectra of fluorescent dye
solution including Fluorescein, Bromofluorescein, Rhoda-
mine B and Rhodamine 6G. Apparently, the influence of
concentration effect on fluorescence spectra changes was
classified in two terms. The first is fluorescence intensity
maxima was shifted and the second was wavelength

position at fluorescence intensity maxima shift. In the case

MNormalyzed wavelength position (a.u.)
L}

0.00 0.22 0.44 0.66 0.88 L.10

Concentration (x10” Molar)

Figure 6 Wavelength-shift behavior in each dye solution

species at various concentrations.

of the wavelength position at fluorescence intensity
maxima shift, it can be expanded by the dimer formation
effect or reabsorption effect on fluorescent dye molecules,

which is possible in both events equally.
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Abstract

Bang Rakam District, Phitsanulok Province is located in Lower Yom River Basin that is influenced by the physical
characteristics of water in the upper basin during heavy rainfall or when the volume of water from the northern part
causes annual flooding of this area. This study used daily rainfall grid data from the WRF-ECHAMS5 model between

the years 1989 and 2009 as input variables for predict water levels at Y. 16 station. The objectives of this study were
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1) to compare cross correlation and a stepwise regression method as methods for selecting appropriate input variables,
2) to determine the architecture of artificial neural networks models for the Y.16station by comparing between 1 and
2 hidden layers, also hidden nodes at and n nodes, and 3) to study the techniques of how to increase the input
variables from the WRF-ECHAM5mode with Moving Window Averaging (MWA), Moving window Averaging Time step
back (MAT), Moving Window Time step back (MWT) and all the input variables. The learning algorithm for this study
wass Levenberg-Marquardt (LM) with numbers of run 30 times, then selected top 5 models with the best learning
process by r* values, after that the results of the top 5 models were evaluated with PDIFF value. The results found
that Cross correlation and Stepwise regression methods selected input variables in each group as MWA (16:2), MAT
(21:1), MWT (24:1) and all input variables (53:1). In conclusion, Cross correlation is better than the Stepwise
regression method because the Stepwise regression selected few input variables. The appropriate hidden layers should

be 1 layer and hidden node should be n node, where n is the number of input variables. Finally, MWT is the best

technique, which is a mixed technique between MWA (spatial dimension) and MAT (time dimension).

Keywords: Artificial Neural Network Model, WRF-ECHAMS5 Model, Flood Prediction, Bang Rakam
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Figure 7 LearningResults

Table 1 The r* Average of Top 5 models

Development of an Atrtificial Neural Network Model for Flood Prediction 125

Model E1 E2 E3 E4
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1AS 0.029 - - -
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2CS 0.028 - - -
2DS 0.029 - - -
2ES 0.030 0.068 0.075 0.070
2FS 0.030 - - -
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Abstract

The research aims to apply Landsat data to examine the land surface temperature in the area of Mueang Mahasakham
district, Mahasarakham province. The research methodology employed satellite data acquired from Landsat 8 using
the thermal infrared band, wave length between 10.60-11.19 micrometer, and the geometrical distortion was
readjusted to correct for reflectance of electromagnetic radiation of the top of atmosphere for reduced the errors of
the energy reflectance from the earth’s ground surface to the data recorder embedded with the satellite. The data
analysis was acquired from the satellite in 2015 and it was found that the average land surface temperature of Mueang
Mahasakham district, Mahasarakham province was 27.155 Celsius while the data from Thai Meteorological
Department indicated 28.133 Celsius. The study then compared the analysis of the satellite data with that from the
Thai Meteorological Department during 2015 revealing a relationship based on the formula y= 0.8591x + 4.8904 and
the coefficient of determination R? = 0.838. It can be concluded that there is a relationship of the data at the high

level, and the study has reaffirmed that ground surface analysis using satellite data is reliable method.
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Abstract

This study reports the relationship between the area of a Nine-Point Circle and the area of the circumscribed circle of
an Archimedes’ triangle and also the relationship between the area of Euler triangle and the area of an Archimedes’
triangle. The results were: the area of a Nine-Point Circle of an Archimedes’ triangle is 1/4 times the area of the
circumscribed circle of an Archimedes’ triangle and the area of Euler triangle is 1/4 times the area of an Archimedes’

triangle.

Keywords: Nine-Point Circle, Archimedes’ triangle, Euler triangle
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