SILIIUNNTIVY 1599

Anwilasasne duguiner N5 Teiesrusenaus e enan muaziBslTnaesUdenluunineg
Tngunlumalulad
Study on Thai Avian Eggshell Structure, Morphology Qualitative and Quantitative

Elemental Analysis using Nanotechnology

HYIEAENI19158 108 ASHVISYIF
Assistant Professor Kanlaya Sribuddachard
JOIANEANTINTE A5, g BanTndatiug

Associated Professor Dr.Mayuva Youngsabanant

l95unuganyun1TITEN
An1UUIILLAT WU WNINeRedaUIng

AUYI8Y 2555



naanssndsznd

a'meaé“ﬂfﬁﬁ%’nnuqmwwumﬁé’umnamﬁ%’%é’yuazﬁ“@um NRIMgIagdalIns

TYsvudsezuow 2553-2554



Falasen13ise

Anmlasaing augIuwIne) nmadienzieidlszneumauisgunnuaziiilinnmes
wienlaunlnalaswlwnalulad

(Study on Thai Avian Eggshell Structure, Morphology Qualitative and Quantitative
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Abstract

The ultrastructure of avian eggshell was studied by scanning electron microscope with
secondary Electron Imaging (SEI), backscattered electrons (BEI) and energy dispersive X-ray
analysis (EDX) detectors. The results showed ultrastructure of eggshell sample from 32
species, 7 orders, which egg weight ranging between 0.79+0.02-41.76+5.42 g. The eggshell
thickness of order Anseriformes (Lesser Whistling-duck, Dendrocygna javanica) was
297.11+£16.86 pym. The eggshell thickness of order Passeriformes (14 species) Oriental Magpie-
Robin (Copsychus saularis), Asian Golden Weaver (Ploceus hypoxanthus), Baya Weaver
(Ploceus Philippinus), Common Taliorbird (Orthotomus sutorius), Plain Prinia (Prinia inornata),
Olive-backed Sunbird (Nectarinia jugularis), Black Drongo (Dicrurus macrocercus), Red-
whiskered Bulbul (Pycnonotus jocosus), Sooty-headed Bulbul (Pycnonotus aurigaster), Streak-
eared Bulbul (Pycnonotus blanfordi), Ashy Woodswollow (Artamus fuscus), Pied Fantail
(Rhipidura javanica), Common Myna (Acridotheres tristis) and Asian Pied Starling (Sturnus
contra) were ranging between 48.00+9.23-145.11+16.20 ym. The eggshell thickness of order
Ciconiiformes (10 species) Red-wattled Lapwing (Vanellus indicus), Black-winged stilt
(Himantopus himantopus), Pond Heron (Ardeola sp.), Javan Pond Heron (Ardeola speciosa),

Cattle Egret (Bubulcus ibis), Little Egret (Egretta garzetta), Yellow Bittern (Ixobrychus sinensis),



Black-Crowned Night Heron (Nycticorax nycticorax), Open-billed Stork (Anastomus oscitans),
Little Grebe (Tachybaptus ruficollis) were ranging between 107.20+16.50- 369.331£29.86 um.
The eggshell thickness of order Columbiformes (2 species) Rock Pegion (Columba livia) and
Spotted Dove (Streptopelia chinensis) were ranging between 100.00+8.63-369.33+29.86 um.
The eggshell thickness of Cuculiformes: Plaintive Cuckoo (Cacomantis merulinus) and Order
Turniciformes: Buttonquail (Turnix sp.) was 63.50+4.46 um and 88.33+4.03 um. While, eggshell
thickness of Order Gruiformes (3 species) White-brested Waterhen (Amaurornis phoenicurus),
Common Moorhen (Gallinu chloropu) and Ruddy-breasted Crake (Porzana fusca) were ranging
between 100.00+8.63-249.5+8.42 um. The eggshell ultrastructure of all species exhibited 3
layers: cuticle, palisade and mammillary. All eggshells showed palisade layer as the most
thickness layer following by mammillary layer and cuticle layer. The palisade layer had a
difference porosity of vesicular holes. The tiny portion of the shell unit, which is developed
below the organic core between fibers of shell membrane. Meanwhile, the mammillary layer
was more compact which broad base cone shape (U and V shaped) connected with shell
membrane. This study showed 2 models of eggshell structure (classification from mammillary
structure in small and large eggshells). Small eggshells have weight between 0.79-19.79 g and
eggshell thickness ranging between 67.20-249.50 _Im. The terminal of mammillary layer has
mammillary knob connect with shell membrane. For large eggshell has weight more than 19.79
g and eggshell thickness ranging between 249.50-369.33 " Im with U shape of mammillary
layer.

Elemental analysis by energy dispersive x-ray microanalysis detector (EDX) showed 11
apparent elements in the eggshells including oxygen (O), calcium (Ca), carbon (C), aluminum
(A, silicon (Si), magnesium (Mg), sodium (Na), phosphorus (P), sulfur (S), chlorine (Cl) and
molybdenum (Mo) at the percentage of 50.12-59.04%, 17.48-29.48%, 16.67-28.33%, 0.06-
0.75%, 0.04-0.53%, 0.07-0.52%, 0.13-0.40%, 0.02-0.22%, 0.02-0.19%, 0.04-0.14% and 0.03-
0.11%, respectively. It was found that the 3 highest elemental compositions (Ca, C and O),
which essential for avian embryonic development e.g. the muscle, skeleton and brain, mainly
presented as composited structure of calcium carbonate (CaCO;). Meanwhile, Mg, Na and P
found in all avian eggshell species were major inorganic constituents of the eggshells which
directly related to an increase of the shell hardness. Finally, the heavy metal Mo has been
observed in 3 eggshell species. This observation provides valuable information for further works

to support knowledge on avian eggshell biology.



CRE I

e
S E1 1 TSP 1
TATUTTIIAVBIMITITE oo 2
Uslgminenainezlesuuasninoamiitnansdse U uselomt oo 2
n13aN sma@]mﬂIuIaﬁﬁawamﬁﬁ]‘vﬂg}ﬂéjmﬂmms ........................................................... 3
DU RTNITTIDE oo eeeeee e e et e e e et e e et e et e 3
D T ILNI DD T BTttt et e et ettt e e et 3
T ooV ROURRURRURURUTUNS 5
U309 oo 6
M Id w3 Buas RN UNNNIINA8 IR UT DU, 6
N TITT D)oo eeee e e eeee e e eeeeeeeee e eeeeee e e e e e et e e e e ee e e et e e et e eee et e et et et e et ee e e e et ee et eneee e eeen et enee e e 7
‘SmitﬁwaLLaxm;ﬂwamﬁﬁ‘fml,aziamual,l,u: ................................................................................ 30
ST 1 OSSOSO 37
DI VEUIE DTttt et e e e e e ee e e et et et e e et ee et e e et e e et ee e e et et et et e ee e e et et e e e et s et reeens 42
FIVRBIEITY Tttt e et ee et e et ee e s eeen e e en et 42

BTN ¥ 0 B OO P PP PTPPPPPPPPPPR 70



130N

AN9197 v
a3 1 wiieuwn unssiiiuldunuasdmguinsmevanvedliuniivinise 32 véie.....13
a3 2 AU URan DB BaINN 32 WRA .. oo 18
ANTI7 3 FAAFIBANUAUNT palisade/ total LLax mammillary/ total .......................... 27
a3 4 ﬂ"]L%ﬁiEI°IJaGﬁWQﬁLﬂuadﬁﬂiZﬂa‘UluLﬂﬁaﬂvlfﬂa@Lﬂ%Lﬂﬂﬁ‘f%@T .......................... 29



CRETE LY

> [
AMNuaznsn A
ATNA 1 "Lﬂiuﬂﬁgﬂmal,flugﬂmqvlﬂ gﬂmﬁ WAEFUNTINNTUW. . 8
NN 2 DWW LAUNTI Order PasseriformiS. .......owe e e 9
WA 3 AW 1wl Order Anseriformes Waz Columbiformes GNE AU . ..oveeeeeeeeeeo, 10
WA 4 AW il Order Ciconiiformes 1% 10 TRA...ooee oo 11
AWA 5 Nkl Order Cuculiformes, Gruiformes L8s Turniciformes ANEAD.......... 12
WA 6 URAILATIFTIIEIazLAaTaIURan 1WA UIzNaU@IE 3 Th.oeeeeeeeeeeeeeeeeenn 17

A o ' = o ) A ' <& A

WA 7 1a3983719087198 218 UAe AR URDN UIUANT 32 TRA ..o oo 26
WA 8 AW SEM LRAILATIRIIIAIAAAUINILURON M oo 33

AW 9 WEAIUNLUY (model) TaTaa31928 9 URaN 0. coooee e, 34



Falasenise

dnmlasaaine duguinegt myiansiesddszneumadgmninuanidilinimves
wienlaunlnalaswlunalulad

Study on Thai Avian Eggshell Structure, Morphology Qualitative and Quantitative Elemental

Analysis using Nanotechnology

VNI
A 1 dl a qﬁ: ) Q dld 1 a a dl a v v
wienliunfinuausmsumdnwdunangunigudrgimefinainanssmaldweyld
v o Y A v 2 =S < o ni a J oA o t:i [l ¥ o
Iinneiliinisvldannuisanuduldvasuwngnuniiiadulniniaswugnund laildinds
ananaunlidual1LsIn1983nen (Biological indicator) UaIaNIWFIWIAGNINTANNE LY THI B bl
athaly lasdasdnmisasdiaznavvasmquazdnsmenadugwingvaadfanliun itu A
AW (thickness) Eﬂi’l\‘iimx‘lag"’m (form) YUIANIRNA (whole size) aaﬁﬂi:ﬂaum@; (elements) LA
ﬁlﬂﬂngﬁl,ﬂﬁaﬂvl“ﬂ (features of porous system) INfnTdRsunutasnia’ld ag19ls lunvmeiia
% ~ A A 3 6 A ' &
ANNKBuUTLaTdMTIUAswLURITaIFILIAa Y IWTzedfdsznauvaldan MiNanae AR
1149 aaeaandradlfen laiusaltidua1U9TaA I WFILIAR 0N (Environmental indicator)
a { H L [l YV ) 1 A YV & 5

uInmnIaanuninunandoeg laiduad19@ (Nys uazame, 2004) Gagursalfidunangiunig
aunINITIU (Taxonomy) lun1sdruunsfiavesunatnasdlsznavuazdayavasifonlyld
(Mikhailov, 1997; Palevol, LazAmhe, 1999: Nys LazAnse, 2004) #ananiininaneaass laadnsn
faaunurveddfanliun (Thickness of bird eggshell) isnunsalfidudatszlinuiensy
(Cusack uazAmiz 2003) FATWUAlIAMAAALUAIWLE 15U MIGaiTaradialiuazdnuagn (Ridler,
2000) nang 1wvodtldanlagevinldnsuislanzninnduilanluiiniasonld (Heavy metal

contamination in environment) (Lundholm, 1995; Mora, 2003)

A A o A a . AY @ A a o A
asnsnazldnndadfenliunlusssus @ duisnen& LN INTIZANBTINTNGUN
o @ 4 ' { A o { = ' [ Aa { ' 4 o

azhinianllunndseansngademndantsduny (Peterson, 1978) 35Mazifulaunivatinan
= & o @ \ [ A = \ o A 2 o oA < A | A
Annuaia ldannnsan unansswnnsensiv liwnansinutunissinsamaniudden liuwnd

% [

wduniiuldnaldwusindsangnundndaudl (Snodderly waz Max, 1978; Sordahl, 1994;

d a v Y v 1 { 1 s Qq: v Y { 4
Sandercock, 1996) G93Tgathoiiazldilfanlinuanuazliauysal dsiuazlddoyanaaanianly

9
GT’JUmmmﬂﬁﬂmmﬁﬂﬁinﬁﬂﬁam’ﬁﬁLLaz"lTagamadLﬂﬁaﬂ"hiuﬂmwﬁﬁum@?ﬁfummﬂauwm
o @ Ac A A v @ A \ & \ oA s o v v o & o A
FNILINWITBNN LI TRINULL Ran M wnad INneThs L‘YI’WIE’Jﬁ]EJVL@E‘IU@%“DQH&%%HGVLNWU’J’W
R = ' K Aa o o rme & & o Ao o A Aa
Q’L@"L@ﬂﬂmLLa:mmamaumnauluﬂnmﬁ%sl ﬁmmm‘l%ﬂmzawﬂmLﬂuumaﬂmmammmml
=i A Aa o fa & P & . ~ ' o
anudsImyiastnB#immuazduwanisaidiinasen danuaslaadragenazadszamunuly

a = @ A . wA v A & P o = A . a
ﬂqs‘ﬂ"ﬂzijlﬁqwLLaZLﬂU"UaHaTaULﬂaﬂﬂvlﬂluﬂ I@Uﬂm:ﬁqiﬂUN@QWN@QI%ﬂﬂzﬂqﬂqiﬂﬂﬁ"]Lﬂaﬂﬂvlﬂluﬂﬂ



= 1 a =S p?f d' ' > % a d' v A d! v dl o %
uagmmﬁmmLLa:s'JumuﬂLamwagimammmﬂguLLa:usLamﬂlﬂamm sadudayandany
mﬂém{ummwﬁﬂuﬂLLa:%msmuﬁtﬁmiaar‘furrﬁag%“ﬂﬁuﬂﬁaams:ﬂﬁfﬂﬁa Tapauwiaphay
ﬁﬂw’m‘“\‘imaﬁmﬁnﬂ?wmua:ﬁﬂwﬁmﬁz‘ﬂ@m;amsﬂﬁﬁtﬁnmauvﬁasi*ma:tﬁmmuﬁm Ve
U Gq: a o p?f UV ) £Z d' o a s ) ' =) ] 1
magammmmmmfﬂsmslfm,ﬂugmmagal,wammumiwmummu (model) Waanliunlnasaly
LLazmmmlﬁTagamaﬁgamiﬂﬁﬁlﬁﬂmawadLﬂﬁ'aﬂvl,ﬂuﬂlummﬁwLﬁﬂuﬁumﬁ@aumm?ﬁ’m
{ v U v é U Qs 1 Q a 1 > (%
yaauwnfiaglasalinas (@eldanwmzdgg maauﬂlumﬁmagmmmu) FTANMUFNNUTNI B
U o A 1 1 p?{’e/ d' v Y = = % A 1 o ¢
FaaAaaInuriIala atngls uaﬂﬁnﬂumwmmwmﬂmagalummﬂmumﬂﬁﬂmﬂaaﬂ"lmmaaam
A & v A A v a ' A A a
aug Urlomidudug Aetayarasdiunnuazgmninsesngani g lwdfanlaifidselooiluns
lSsusuiadnsduwilawsaslanzninluniiwiasaunIatlasgaionnidulsauaziniIg3sns

waenlwffaungly (Lundholm, 1995; Mora, 2003; Miguel, 2003)

I0niszaiAaINITIY
1. Wafn®13AINER laTIaIng (structure) WAZANBAEIUIINITHIIWING (ultra
= 1 1 =)
morphology) yaaifean Miunatniazidea
2. WWafn®111ATWI1@ (elemental analysis) Tuidsqmminuaziisiunnmvasdfanliun

£ o o o ' A ' a 4 Y A 1a ' P A
felinnudeyaindfenliundasddsznaumqas litsuasiidSinourily ansaauiingnie
Tanznunnidwnwlwidaunsa lauasduSuimyinly

3. INBIATILUNLAZIAYINUAILUL (model) vaaildan launuazdnsnanusunnsaadfonly

'
dq/WVLq/ ¥ 1A

slumami,nsﬁﬁm (taxonomy) W%’au’imﬁzﬁm%ﬂuLﬁ'ﬂuﬁ'uagnm%mﬁwmm [Nl RV RV

U

v A A v o o A ' 1
aa@ﬂaaamaummauwuﬁﬂumaiw E]Eﬂ\‘]vlﬁ

4 H 1 (%) 1 H ) a o I'4
iszlannarainazlasunaznrgerwniinanisioa lulrilseTamnsd

NAITWIL L ANUWI1TFIINIIAITINITLAS TR BANRITWIZAUWIUITIG L6

ﬂiﬂmﬁ@iaﬁamﬁammmLNslu,‘wimﬂufﬁ"l,ﬁmnmiﬁﬁﬁ'ﬁ@m’;*’ﬁul,l,a:;gﬁaulaﬁamsﬁ'@
am&m?amﬁ@lﬁmwmflumuz%'ﬂmﬁ%wmma@rﬁlaamﬁﬂmé'ﬂ"l,éf
' oA o o A o o< A o ' A '
mmsﬂLwslLLWﬁ?mm;mVl.mnﬂmimaaulﬂLLﬂﬂizﬁumuwavlﬂlunﬁwﬂwLmlﬁmﬂ ANNROLTU
a A a FQ‘ a 6 A A [
WIIRANUNW FINUNHIaRALET L6
U di >3 o aa > 6 A 1 d.i v (% > = @ K q/n:i
S’Jmm*’uagaLwawmwwmmwﬂaaﬂ%uﬂ WalwanuiuiiniSou dndnsuazgnauls

Ml lagaalin wesdfuanistn@ingn medsdiinet amsinsmaas vringnspdsingle



mszhsmaﬂmﬂfufaﬁw%awan'lﬁé'ﬂgin@:mﬂ'mma NRFL3IVAINITIVENITANAINAZELNEA
LﬂﬂIuIaﬁ%‘%awamﬁé’ﬂgmjmﬂmmm LU UIUTEL
' A ° Ao o €A
nigwnaNnIninanwIdn lulslss lomiae
AUBNBNNMIANE LITUANAITITITINGUALFAITING VBIUNIINENABAN )
N3t ladasnIunIweNnIsIINTa
-wsuagﬁﬂﬁuﬂ@m 9 LAZRUHIBIBNIINIIYIENN UJL%aagi‘vﬂﬁﬁiwma

-RIUFATA

OULYANIIAVY
o =S A ] A a A é’ ] [ 5
rnsdnsidfenliuninuaussrumduazuniinziasslunguiimianianats manais
aandIuazn1ndng Nanensaiule seidenlundnsamgiuinemenenuazasluniaw
= A [ o A ¥ A [ o 1 A 1 3
dnsmenidussdlszney  aseaumglanswinfvwiden iNedauiunuifenliun wisy
Anwdayaliuiduite ToyareIun 29FIavaIun TIUN aMITNUNAL m3ne kil lasnseandsia
MATMINALNTENANBILAZNTENBATWLEZINNNITAKATIAN Literature 6199 LRINNNTINURE
[ s 1 Q?: a Q v 4 & v v
Ananusunusvaslionlinimualumiaynininu Sanunatoyadug dslenaudinana]
d'l =) [l a 1 v 04 a =) ] 6 a
BFeudfenliunsiiad1sg lassaiuazdmgiuinevendfenliun anaaiunesdisznansigif
Unnwazdiguawlwdfenliunlnasiiadeg mashaddenli nsnneld sddwun 2983aves
un $3un a1Inunfiin uazihdayaseslanainsvendfenldednsiniaudunuingg
a % a 6 a a o a Aa ¥ v v 1 = v v A
aunsuinunianiiansdilSonifisunveynininundgialiudrirfianuseaadaanud

U

a o 6 o =} 1 1
AMNRNNUTNWRI LN Bty

nINUNIBLaNdI

2 A Lo ¢ a ) 2 v & & \ ¥

myAnsudfeanliagaivasinewuissudnsansnlugaiidasnaiuiswa sniui (Narrow-
headed Softshell Turtle Chitra chitra Nutphand) lag@nu1lasia3naaa BNABIANTIAUBIANATAU
LUUFAINIA mﬁmmzﬁaﬁﬂszﬂaumawmﬁamaﬁmqmmwLLazﬂ'%wﬂmiuLL@iazfumaaLﬂﬁaﬂvlﬂj
@18 Energy Dispersive X-ray Analysis (EDX) LAZHIANMIDIFINTAVD powder-size 783LA A
particles 628 X-ray Diffraction Analysis WuiiUaan lavuasaswiviindsenauey 3 ou auunantdu
A o < @ . \ A o & A X A o '
LBWA calcareous TWNAILT T crystalline a’mmaﬁmulmﬂu"ﬁu fibrous N&1BAKLL WAL
wWaenlddsznauea 8516 oxygen, carbon, magnesium, calcium, silica, aluminium, potassium k&
sodium lugawiseneay 53%, 35%, 5.55%, 5.4 %, 2.9%, 2.3%, 0.17% WAz 0.74% ANNK1AU
(Kitimasak wazamhe, 2003) a1nsun1sdnsdden’lyidn (Olive Ridley Turtles Lepidochelys



olivacea) wwlduIouifinuidfanlaidnfssuazidransssumaninizgia wodden e
a = ' o o AL A < A A ' Aa =
srumduazidiassfianuuandeiuiinsulfanuanga laslusuikdfenlddsrumasde
A 1 1 ¥ Q [ 1 Q 1 v v
dome shape GINLﬂﬁaﬂvlfumaaLmLﬁmﬁaﬂwm:LﬂugﬂiwﬂawLLaz%'smﬂ:ﬂuﬂuvl,ﬂ FIUBATWUIVD
wWisnldsrnmanuidutuiiszsuuasidouidnadune srudfenldvesdndsinutsun

szauuaafoudugWaisuni wdduounauisoad ednauenuuazsulugaidusu fibrous
U a 1 = d‘p a =) [l 1 a vR v ad
milginaiiadni g lunsdnsauiivesdfenliludwdsumaiigdnm laoldnansitnig

ANBIIUIAUATNITIALILIAIVBY Crystal 81313018 optical microscopy 16 lagld slide uadnsnle
AAa o o ¥ . [ Aa A& o v ¥ a
WA BN 2 88 §19I0NTME X-ray technique banwidu 3 48 Tevinlinsuisanwniuiauas
= & A A A " v Lo a v @ fa & '
nufivasddsznaufiagndfanlidan wananiidaliglindesansiaidiinaseuuuudesnnauss

fasrwNaAnIlaTIastataaziBaasy (Nys uasame, 2004)

A3ANEI289 Miguel (2003) wutsunmlansinszansarlulinazilfon livasunfiiiasas
! qufﬁ o Southwestern Willow Flycatcher (Empidonax trillii extimus) 910 4 U313 02893303 LN
A A A A Aa A [ A | A A A :

Wus@ agfiiiley uuiow naduad uwimds Filloauazdoned lulduszilfen’ly Selinadansin
a4l luusNunndne I8HINIENBI VB Swailch WAz Sansur (2006) NLFAIAINAVEI AN
% ni 1 [l 1A > 5 1 = [l =) [l
winnenuaawnnizaaning wuimsszsulaneninluadeizd1s g suivlulduazifanlawn
f18 lapiaa NN NTWYad Nauay waatlen Usenuassonzfluthiaiionazainizanss vad

o o v A Ao & @ A ¥ v & o & A o A
unnizaanmiuazandondaliduis 21y 1-4 anfiad) uazdnanis wodneibauazaibizing
langwindanaunldiasaudiay laud du> nszwie> nizgn > Yaauazauun > ndadia > i
WazENBd> 13ta> WRenl wanIARNLIIUNGURNIBNALNNTULN NUUTNIUVDS NBILAY
Usanuazasnz® vosniwnlmdesadiivedan Snnsganuinanuitutusadlansianuaunus

1 a v o [ o =3 n‘i’ 7 1 v A 1 &) [ gl/qz . .
adnafivipddiuagvesun annsAnsilusasliiiuiranansnlsidfenlyidudisia (indicator)
NugasigmunnaasFiadauuaztimunIaliunnizaanlnglunisdiaana (Biomonitor) auiiu

Aevaglansluwiagle

Kazuto LazAmss (2010) innnaaadluildantuaesling 3 viia Ae Rhode Island Red
hens, White Leghor, Araucanas $48&11a1a 8217 wazfidon annd1ey lasdwdden ey
RZ1ATULNNILIHOBNLAIVARINUNFNALLUATLSOUNTULUINLAZLATNAY LadUN lundauazaing

! & Aad A A o & A A vl g @ @ o a A
wuin Wadmdaen ifanvaautalunsgugsuuafisounyuinlad walimatasnuiuaiisoun

REVM.

| @ ) A o ' ) )
Chien uazAmz (2009) AnwnliWus Gallus gallus Wigdu1 GelFiaanlunannly 21 Ju 16

° A ' & 1 ' ] =S o A o o =S (3 v fa & 1
iddanldaudldzpzneldmisiunindgy shanfdnsnsldndasqanisaibiinasenuuudes
ANaLazTswiIgdfen liSuu19898819701TIRRINNIBA 11 28901319 MILAZUN9RILT0E 9



S o 1 A A i d' A dy =S v & 1 @ R 1 )
audviuwdn’ly dalfenlinninganszosit nsdnwuaasliiiuihddenldfanimauazuanidonly
1 v | a a s U 1 et { 1 é
wienlylItiwensasyidulanasannldasernisanlduasnualuiun 11 assn1sle 9

A - o Q Qs Qs 1 v [ 1 a dl Y o 1
wianldgmdaplumanamvasardennsluaisnisduunasunadounlsdrsasanliuas
wladuazanudnysasdianldveniniiaanffafan litiadasnuarsanananiizuiasaw

a

Mouan WY BUATIENWMENTN arugumsuanidasuie Usumi veaiedag

Mathies U8z Andrews (2000) AnEnamgIuingnzaidfen lvassaiifosaaudansninluig

Virginia, Arizona uaz New Mexico 11191 a.¢41. 1993-1997 wuinlassasnsvaatdenladsznaudis
& A & S . < A A @ . A a a o A .
3 1A muuaﬂqmﬂmm cuticle TUN®BIADTY crystalline layer TINNITLIYIAINULANANIV DI
o va A ' a i %) <& Iz & =

crystalline materials ¥inlwfudfan ufsitudazsianandranis %uiuqmﬂu%u shell membrane 4
ugun lddanuuandrsnmaslufsiudazoiia

Solomon (1991) waz Nys kazame (1999) Ansiwuidenliundsznaudis 6 5% Tuln
usun ldfuaaifouuazduuanuas shell membranes Waazwiduwoi fiber WAz albumen &IUTH

M lui AT saduginain

Dennis uazAms (1996) AnmasdsznavasansBunidvaifonlalinwug White Leghorn
Chickens (Gallus gallus) laglEnaasaanssaddianaseunuudaininauaznassganssatuuulfie
Waz31ATZR mineral phase AENFBIANTIAULANATOULLLFBINTIA NRBIANTIAUBIANATOU
WUU§BIH X-ray compositional microanalysis ka2 Electron diffraction wuiniudanlidsznaudae
% cuticle 2 T ﬁgusl,wﬂwﬁzul,quLLa:"ﬁzuuaﬂﬂszﬂamﬁUaaﬁﬂi:ﬂamﬂumsﬁm’%‘ﬁ@m 5 Fudoan

& @ Aa ~ A & <& Aa <& @
L UTUNNLARLDYURERNDILL UTUNNAINRAUININ musluqmﬂmmmm shell membrane

Lundholm (1995) lé¥innimaaasliliidusfiu methyl mercury 2w 5 dadniu nndwdu

nm 6 7w wudud i ldeansandalyldadwsuysaliwazalfanliiuunann uaz Mora  ( 2003)
R A ' Al o a 1 s a oA e [ A '
ladnwuddonldunsssumaluszoslan Uszimasnigawin wuirdlanzwnandislwddon’al
a 1 { A o v Q
PANLTAA LT DIGEATAULATIN FIRY LUIRDY NaIuad uazIimdsy Sidnariliaamniannen

2adlnaaasatngan

ﬁ'lﬁ’]ﬁmu (Keyword) Avian Eggshells, Energy Dispersive X-ray Analysis (EDX), Morphology,
Secondary Electron Imaging (SEI)
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1. ﬂ’]iLﬁU@T’JaEi']dLLﬂ$ﬂ’]§ﬁﬂH’]Iﬂidﬁ%”NLLQZE‘].I?I’NIT] suanvaditfen liun

11 uwmaswindansasnifivaragnslrun Gaudaduuwnansiwmnuszunass Tu
FIWTan1Ana1s Manasaananazanane fiule iou NILNWUPIUAT TIRIATITYT 9INa
MYany3 Wnianatlay Jndagwisay’ Jndasynissanay 1ays udu (adwdes siiaas 3
lu: N=3) lagananvlaidudfenlawnnsanuldunuaiudnsd warsruunaiavelaen |
funw wazantuiinnossdoaasrnuiiiiudogng

1.2 ﬁw"l,ﬂuﬂmﬁwm'ma:m@Lﬁ"aﬁﬁaﬂﬁuﬂuﬁ%aﬁaﬂmﬁwauaaﬂ Sovwailion’la 4

¥ o v & A A '
PWINRWN ‘ﬂ@]uuﬂﬂmtazﬂ’ma’mﬂlﬂGLﬂaaﬂvlfll

2. Anwlassasuazansmenesugiwingnialussadfanlidslasw lwnalulad

2.1 udfenluunlduanudinardenaan 39aaniiiafiuaisa (Inner and outer shell

membrane) NgsnsAanuilfanluasn

o

2.2 vdenlalwUsiaanaanuin I@mLﬁ‘uLﬂﬁaﬂ"hivli“iﬁ@@lm’mémﬂunmmu
Uszanme 48 T2 lus
2.3 msm%'mw‘i’aazml,ﬁaﬁﬂmﬁamé’aaqamsﬂﬁ&cﬁﬂmaw,l,uuﬁaqnﬁmfuﬂizqﬂﬁmw
55u89 Mathies uaz Andrews (2000) lagisuannnisasannidonlasaas 1.5% gluteraldehyde w1w
1 $11u9 ntuaseaatsaanday 0.1% phosphate buffer 2 a3 LLz\i"aﬁﬁ%uéﬁazhoﬁqiuaﬂu
Tulasiawmnar waliarognouds
2.4 GadaiuuguIsimsivdsmlaniuon ufanudaindsnInadLAIes
a1umad (lon sputter) LA ldanumun 20 wiluwas idradadnsnioldndasganisaidiinason
LUURDINTIA6AE Secondary electron imaging (SEI) 71 10-15 kV wauiifinnw
G'fidLfluiaHa‘ﬁlmuﬁugsﬁmﬁﬂu%é’ﬂgmmaagmu?muua:ﬁagamaﬁnﬂ%mvl,@ﬁfluaamﬁ
3. ﬁmsnLLaf;mﬁzﬁm@ﬂm%aqmmwLLa:L%aﬂ‘%mmﬁﬂ'ﬁZﬂaﬂuLL@ia:‘*ﬁamaamﬁaﬂ"hiuﬂ
7! :mé}”aa@amsﬂﬁ&ﬁﬂmammudaamm lauld Energy Dispersive X-ray Analysis (EDX) 1J%a7
7132976 (Study the elemental component of eggshell layers by using scanning electron microscope
(SEM: Energy Dispersive X-ray Analysis (EDX))
3.1 1@SpualagsuaziInwauInMdnsurlaunisanslasiairadfenld ualda

AaLILUFIUTBIMBE MBI TUaL



3.2 ﬁm"”;azm"l,ﬂﬁﬂmmyléfﬂﬁaaﬁ;amsﬂﬁﬁtﬁﬂmammua’aammimsﬂﬁj” EDX %38
i3und1 EDS lumsiianzdimafiduasdlsznevluidfenlinsldszuugyuiniagen
NYzUR WA 20 KV, ¥INIILATIER 3 A9

4. I¥NUNBUL (model) vadilfan linnuaznIUszniana
Aenzdtaya Anwdeyavedfenliunausrsumauazunidosindzdimedmgiu
a dld a 1 a 6 6 A 'R [} [ 1 o £%
AnennAnmanuTmen g Aienziesdidiznaumauesdfanliduandiuadngly shdaya’ld

ANUIUHANIIRDA

NaN13298
1. Anw1lA398379 (structure) nawanvasla
LﬁmﬁasmLLazmiﬁﬂmImm%”NLLazgﬂiwwadLﬂﬁaﬂvMuﬂ NNIIRIAULIANA
nad fe FIndaaziuni FIMyT uasdguuazunund sau 32 iie $uunldidu 7 Orders Aa
Order Anseriformes 37%7% 1 78 a Aauntdauad ﬁﬁ'mﬁfﬂ"l"ﬁ AU 33.72+0.76 N5« Order
Passeriformes §142% 14 7Ha A8 WANUBLIK BANTZINWNDI WNNTZINLTIINAT NITILTIING
wnnIungFToy wnindfonwied wiuoswsinisda wndseanalaw wnisaaradwain un
US0ATI% UNUEWNS WNBUNTALALBNET HNLDEIENANIUAZWNLD 9N I@Uﬁﬁmﬁn"l,ﬂagiufﬁ'm
0.79+0.01 — 5.72+0.11 N34 Order Columbiformes §1%43% 2 THa fia wnAWIN wazunlng Loy
ﬁﬁ’mﬁﬂ"lﬂjagﬂum@ 6.90+0.79 - 14.58+ 0.69 N¥3 Order Cuculiformes $142% 1 THa Aa wndINU
snuas Jiaminlawiniy 1.46£00 N3y Order Gruiformes $1waw 3 wila Aa wnnin UWNABUAY LUAZ
wnEan I@uﬁﬁmﬁnwagluma 19.54+0.15 - 19.79+0.77 N34 Waz Order Turniciformes $1%43% 1
7fia fa unguia fvimeinlaivinny 3.56+0.23 n3u "Lﬂiﬂz\mmﬁﬁﬂmﬁmmzmmad"lﬂiagﬂ‘mha
1.29+0.26 - 5.70+2.09 LTUHALUAT LLazﬁmmﬂi”N"Lﬂayﬂuﬁ’m 1.050.06 - 5.70+2.09 LTUGALUAT
(@397 1)
gﬂma"lﬂjmamﬂﬂza 32 vfia GyUnssudsaandu 3 ngudia n3aly (oval) N393 (elliptical) uaz
Y]‘id’gﬂﬂ“li’m (pyriform %380 pear-shaped) (n’lwﬁl 1) I@ﬂﬁmwmaa"lﬂiuﬂﬁiﬁ 32 mﬁ@ﬁﬁﬂmlumwﬁ 2-5
n. "Lﬂiﬁﬁgﬂmuﬂugﬂvlsﬂ (oval) Lﬂugﬂiwvlf*ﬂmmuﬂﬂdﬂﬂ Gefidunitedanunaunindndin
wulu wnnauiine wnnIzAusIINeT wnNIEIURENMSEU wNNITIUNEY wnnwlfaninies wn
n5n wndsearalan unUseeamusin wnUsaasIn wNEUNIALDUNGLAZNLEBIANS
. Vlﬂﬁﬁgﬂmﬁ' (elliptical) Lﬂugﬂ*jﬂwaﬂﬂﬁﬁhuﬂmﬂﬂﬁmmn%amnﬁ'q@ saulaenssas
fuwawing 1w wuluunAnuthuazwnanansan
f. "L?iﬁ'ﬁgﬂmogmm (pyriform %38 pear-shaped) Lﬂugﬂiwa"lﬂﬁﬁﬂmﬂﬁm%ﬁaL%‘ﬂal,mau

InnIaneuadnatalan nuluwnnszuaudLiaLazwnAwAsL



i 1 lunigdnsaduginssly 3Unsed wazzUnsagnde (n 2 uaz @ awdeL)



Order Passeriformes

A9=97UN 9=9UL74/N

o - o o o
UNBUNSALOUBARY UALBENMNTU Uun LeeNdaNsn

WA 2 nwlaiunle Order Passeriformis $1143% 14 T5a



wrgaumalan LBaUW

w2 mwluunlu Order Passeriformis $113% 14 Bk (da)

Order Anseriformes

unilaum

Order Columbiformes

unansuth unLlual

NN 3 mw"bﬂuniu Order Anseriformes Waz Columbiformes $1%73% 1 WAY 2 THA AN

10



11

Ciconiiformes

NS=UALALIR AU ENNTENRUGTIN

g9nsan unurn unuweIn

SRS ety

WA 4 nwlaiunle Order Ciconiiformes $1143% 10 T4



12

Cuculiformes

unauEaLAY

WANIN WNNRWUAY wnaan

Order Turniciformes

MWN 5 mw"bﬂuniu Order Cuculiformes, Gruiformes LLag Turniciformes 31W3% 1, 3 LLag 1 Tihe 9

ANAAU
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ldl a 1 ni 3 1 s a 1 ni oA a

AT WN 1 TUAKN LL'V\RG‘Y]LﬂUVLTuﬂLLRZQME’]%')ﬂEﬂﬂ'\ﬂ%ﬂﬂ‘lla\‘]vl?.l%ﬂﬂ‘ﬂ’n‘ﬂEJ 32 TUa

HoaNuaze unashian | wan | ndg 817 V) sunselal f-ananzvasly

Insndans JnIA (31.) (31.) (n3w)

Order Passeriformes

N384 (Asian numi | 12 1.35:0.05 | 1.81£0.05 | 1.7420.17 oval AFeuai% FUuasils

Golden Weaver) Ploceus (12) (12) (1) imdeu 19nasiie

hypoxanthus Lﬁﬂﬂ fnnszane
'y

NYIEUTTING numit | 2 144+ 2.0.5% 2.57(1) oval P1138U

(Baya Weaver) Ploceus 1.04 1.9

Philippinus

N3z3UTIINGN (Common | uasan | 8 1.17+0.17 | 1.29+£0.26 | 0.790.02 (6) | oval #1711 fadihaadeu

Taliorbird) Orthotomus (8) (8) N8R G N9AT%

sutorius SIgiA

nszBunghasou(Plain | axBans | 4 1.11+0.07 | 1.53+0.07 | 0.860.10 (4) | oval NwfanFu G0ua

Prinia) Prinia inornata (4) (4) LLma'au-L“ﬁJLLazﬁmﬁ’l
Fumnmaeautn

N9 (Oriental uaTlgn 13 1.71+0.10 | 2.18+0.05 | 3.01£0.31(13) | oval fdgowih Iaw9ad

Magpie-Robin ) (13) (13) Whena nszaerianes

Copsychus saularis

Aundfanwaag (Olive- uastlgy | 3 1.05+0.06 | 1.50+0.10 | 0.79+0.01 (1) | oval #1171 daaiang &

backed Sunbird) 3) 3) Wanadaunizany

Nectarinia jugularis 'l Sunmasu
gL

158A5% (Streak-eared | uasgn | 10 1.59£0.09 | 2.20£0.20 | 2.50£0.12 (6) | oval 7w inseuaniied

Bulbul) Pycnonotus (10) (10) TUWEDU ﬂﬁgﬂﬁﬁnma

blanfordi #WI0RIW NITIBAIN
A

dvaawrlun (Red- uaslgn | 4 1.56+0.02 | 2.19+0.07 | 2.1620.05 (3) | oval fm Jeaduaiduuas

whiskered Bulbul)

Pycnonotus jocosus

(4)

(4)

Fimanszanedsdn

UMW
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Fagrayuasze unashan | 9 wmaw | e Ty wnn sinsolal f-anaanzvasly

Insndans INIA (BX.) (B.) (N3N)

Usaanamiain (Sooty- wasdgy | 5 1.58+0.04 | 2.33+0.30 | 2.69+0.08 (2) | oval frun-uassan 19aF

headed Bulbul ) (3) (5) wagTuNIzaN AN e

Pycnonotus aurigaster

duwsaunuand (Pied | uasdgn | 3 1.2840.08 | 1.76£0.05 | 1.55£0.06 oval §1171% daamdn

Fantail) Rhipidura ey 3) 3) @) nznaduissaunas

javanica a3 uTmdunige

1889619 (Asian Pied a3 3 2.03+0.03 | 2.82+0.04 | 5.65+0.04 (2) | oval fdgowih H9ag

Starling) Sturnus contra (3) (3) FONREAURRIVWR
nazanwag lann

L989813n1 (Common uwinan | 3 2.01+0.34 | 2.69+0.17 | 5.72+0.11 oval fdganiudu dye

Myna) Acridotheres tristis | 4A3L3¥ Lan e JFanaung
VI

WoIRTIn9LAN (Black | wATEITIA | 3 1.71+0.36 | 2.19+0.06 | 3.13+0.36 oval #1117 vwWaslinpaad

Drongo) Dicrurus DRLRRIBIEY

macrocercus

LaUW (Ashy Maa 3 1.67+0.25 | 2.23+1.18 | 2.81+0.17 oval #1711 dedvmauazd

Woodswollow) Artamus UATRITIA LNINTEINY WUNIN

fuscus NI

Order Anseriformes

1Jauas (Lesser fuwanan | 4 3.642£0.25 | 4.62+0.66 | 33.72+0.76 | oval fnYnouvaed dany

Whistling-duck) wastlgy LRUAETARaULRESY

Dendrocygna javanica UIImNa1IWas

Order Columbiformes

#3uth (Rock Pegion) | wastlgy | 3 3.130.06 | 4.03£0.05 | 14.58+ 0.69 | elliptical §17121500

Columba livia Gmelin,

1789

(©)

@)
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Fagrayuasze unashan | 9 wmaw | e Ty wnn sinsolal f-anaanzvasly
Ingaans nIn (B.) (Ba.) (n3%)

wnlwg andani | 3 2.04+0.20 | 2.56%0.35 | 6.90+0.79 elliptical §112380

(Spotted Dove)

Streptopelia chinensis)

Order Ciconiiformes

NTEUALALIa(Red- asifann | 7 3.0620.11 | 4.27+0.10 | 20.31+1.26 pyriform wWaanimm daalan-
wattled Lapwing) (7) (7) (7) lmy'ﬁm'n’ﬁmm:ﬁ'l
Vanellus indicus nIzNgy

Awfon (Black-winged | azifani | 4 3.1620.05 | 4.46+0.07 | 20.27+0.56 pyriform Fieason aneloni
stilt) Himantopus 4) (4) (4) enaiuiaud &
himantopus NN A BTG
PNNIONWUTTIN (Javan | gWTITALS | 3 2.94 3.82 liddaya elliptical fdgowihdau dae
Pond Heron) Ardeola (uan) asnavasaud
speciosa Wnvae

unihnwni (Open-billed | gWIsa)3 | 3 4.00+1.39 | 5.70+2.09 | 41.76+5.42 | oval fuiuaaninena d
Stork ) Anastomus MoUFUFEIaIaNInes
oscitans

WNWDIN (Black- FWITMLT | 1 3.22 442 21.51 elliptical fhdaulaifiaraae
crowned Night Heron)

Nycticorax nycticorax

29 ARG (Yellow a3 3 2.34+0.05 | 3.16:0.09 | 9.09+0.30 elliptical SRPIETTT

Bittern) Ixobrychus

sinensis

\JadAlan (Litle Grebe) | gWITmALS | 3 2.58+0.19 | 3.60+0.39 | 12.6+0.22 elliptical- famiuiansie-1e
Tachybaptus ruficollis oval PuaLanaiana (A7

A)
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Hoaanuacie WARSTINN | Sawam | N9 Ty wmin sinsolal f-anaanzvasly

Insndans IR (31.) (31.) (n3w)

g19nvan(Pond Heron) a3 2 2.80+0.04 | 3.62+0.04 | 14.52+0.21 elliptical fdgrauisoy (fn

Ardeola sp. ) (2) ) A1)

819A11 (Cattle Egret) | gWITmaLs | 3 3.27+0.12 | 4.49+0.36 | 24.61+0.4 elliptical fdrauihsew Jane

Bubulcus ibis asosasidoulaan
nizwagianiey
saugwas

gnadle (Little Egret) FWIIALS | 3 3.1621.41 | 4.57+1.37 | 24.09+1.89 | elliptical flmrauihsaw Jane

Egretta garzetta asosapioulaan
nizwagianiey
saugwas

Order Cuculiformes

SuAnuAn(Plaintive wastgy | 2 1.28+0.01 | 1.59+0.00 | 1.46200(1) oval fdndon Ineaa

Cuckoo) Cacomantis \ng@ihaanszans

merulinus ¥ W Sunmediu
gL

Order Gruiformes

N9N (White-brested azifaunn | 7 2.87+0.03 | 3.99:0.12 | lifiTaya oval #1171 Inpaad

Waterhen ) Amaurornis (7) (6) ‘li’]@]’ma&ll,l,mﬂisz_l

phoenicurus

UL gwIIan)3 | 3 3.0240.55 | 3.99+0.42 | 19.79+0.77 | oval s ﬁﬁ;@ﬁi{mm

(Ruddy-breasted Crake ) uasrianas

Porzana fusca

88 (Common Moorhen) FWIIALS | 3 3.01£0.72 | 4.55+1.36 | 19.54+0.15 | oval Sihenaseuonuas §

Gallinu chloropu fg@‘ll‘mﬂ@hd ﬂﬁi{ﬂma
WAILTY UAZIATNAN
WUUINNIa 1%

Order Turniciformes

uneuaa(Buttonquail) uatlgy | 2 1.82+0.62 | 2.10£0.13 | 3.560.23 shortoval | A1 figadinanaua:

Turnix sp.

AUUIALRNNIN
ni:mmaguuuﬁa Ll

nadnasandsmutu
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2. AnwlavsasnsuszansmnsmgIwingnieluesfanly (Ultrastructure)
nnIdneqlassralianlddrsndasndasdiaataniuugasnsianuinddanlavaswn
13 32 Tha wulassaseadianlddsznaudly 3 Tu @Tﬁuuaﬂq@ﬁafu cuticle m;wa;j waan'la
gunawn liduau palisade wazth mammillary @19 lauansmaz0IT% palisade fanwasiilug
{ \ i = \ [ \ a \ & . =& '
Wguﬁﬁ'mmw vesicular holes T3ianuuandInwluunLdazsia §1uT% mammillary SITANNLIL
Y A A LA A A \ ' , A ' AR )
alalalel ﬁmLﬂwu’Luq@maqLﬂaaﬂ"m (Ml 6) dan3d19 ) azauag) wuidaan lwnnAn 18I
\ i A o A A & @ AN 1 o A Ao =
1) mammillary fi3unsadng (V) umwu@l,ﬂumngl,wmwu wazuITiadansmeidunsiagin
N9 LLa:ﬁé'ﬂHm:ﬂé”’]quuﬁu"l,ﬂﬁﬂﬁ'uﬁ'ummmmﬁu‘lu
cuticle

> palisade

mammillary

—

membrane

a @ . a A \ o &
NN 6 LLa(ﬂGIﬂiGai’]GaUqﬂazLaU@TaﬂLﬂﬂaﬂVLTuﬂ ﬂizﬂau@'}ﬂ 3 Th

annlassaaddanlidionsosndasdiannsowiuudosnia wuinddenlavaswnig 32
wfa Ganunwiaglugag 48.00£9.23 - 369.33£29.86 lulasiuas G9013197 2 FIFWATATIUHNWN
1w 7 Orders #a Order Anseriformes laadanunuIvaiUdanla 297.11+16.86 tulATNAT
Order Passeriformes lagfiainunuivaadfonlalusg 48.0049.23 - 145.11+16.20 lulasiuas
Order Ciconiiformes §a31unu U danliluga9 107.20416.50 - 369.33229.86 +ulATINAT
Order Columbiformes lasdnanunurvedidanlulugie 83.8948.16 - 138.76212.12 lulasuas
Order Cuculiformes lasdanunuivaaddan’ly 63.50¢4.46 lulasiuas Order Gruiformes da17u
wuwnddantiluga9 100.0048.63 - 249.5+8.42 lulaTiuas waz Order Turniciformes AANNAUIVDS
waan'ly 88.33+4.03 lulasiuas a3m15797 2 wiawdAnwansmuenouanvasdfanlinugdniuag
aame lerannunite anwen uasihminadsvesliunwuindanuuanenei



A19199 2 ANrw LR en e AL Iwn 32 THe

18

Order Thaun dadgvasnnunmwdaentsy (lulaswas)
total cuticle palisade mammillary
N32UND4 145.11+16.20k | 3.90+1.88bcdef | 123.22+10.95mn | 17.99+6.90abcde
Passeriformes | nqoqqy) 102.04+16.49efg | 1.3141.00abc | 89.5145.90/k | 11.22+11.62abc
FITNAN
n3=3u 67.20+£10.15bc 0.56+1.05ab 48.10+5.54bcd 18.54+7.18abcdef
FITNAN
N AUt g 82.76+9.00cd | 1.10+0.20abc | 62.42+4.15efgh | 19.24+7.87abcdefg
ey
Mautinn 84.14+5.17d 8.59+3.32gh 52.57+4.72bcde | 22.99+3.27cdefg
Auddan 48.00+9.23a 1.18£1.00abc | 31.11%3.77a 15.71%9.17abcde
LARBY
700874 73.93£7.67bcd | 3.33+1.52abcdef | 56.40+7.72cdef | 14.20+4.09abcd
Uvaanalun 88.28+13.74de | 2.66+1.82abcdef | 59.18+6.89cdefq | 26.44+12.33defg
1saanIR 75.57+20.94bcd | 2.87+0.92abcdef | 60.97+5.09defg | 20.4416.98abcdefg
STH!
AUNITALDL 67.78+1.59bc 1.56+1.49abc 56.44+3.46¢cdef | 9.78+2.87ab
an@n
GHELRE! 118.44+12.37hi | 3.74+0.69bcdef | 99.78+6.30kI 14.92+11.09abcde
\B9sn3m 116.2247.36ghi | 3.22+1.99abcdef | 81.56+7.78ij 31.44+4.30gh
LLETI LA 64.22+3.49b 1.33+0.50abc 41.00+6.86ab 21.78+5.52bcdefg
an
WEWWA 61.33t5.85ab | 1.44+0.53abc | 46.89+2.52bc | 14.11+4.23abcd
Anseriformes | auas 297.11+16.86p | 16.33+7.28] 168.67£10.92qr | 106.44+30.78k
Columbiformes | #3111h 138.76+12.12jk | 11.67+3.09hi 96.03+13.15k | 31.06+6.04fgh
wnlwal 83.89+8.16d 3.33+2.00abcdef | 55.56+4.69cdef | 25.00+5.45defg
Ciconiiformes | n3zuaLdiLla 165.31+25.831 | 5.63+1.61efg 142.26+17.920p | 17.43+10.45abcde
fuliie 128.64+11.69i | 5.20t4.46def | 115.08+12.46m | 8.37+5.00a
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Order Thaun duadsasnnuvnswdianty (lwlaswas)
total cuticle palisade mammillary
g19nIaN 149.894+27.90k | 6.11+3.69fg 99.56+18.92kI 44.00+8.87i
WWST
1w 369.33+29.86q 0.00+0.00a 242.8+34.61s 125.42+20.57I
LN 205.94+£13.29m | 0.004£0.00a 133.98+£12.70n0 | 71.91+13.64;
14 e 107.20+£16.50fgh | 3.90+1.42bcdef | 74.00+3.85hi 27.71+13.56efg
1Jafan 221.7949.91n 3.17+1.16abcdef | 177.28+12.84r | 41.3449.62hi
g19nIaN 124.35+7.03ij 4.33+1.02cdef 110.7248.59Im | 9.30+3.92ab
819A8 176.00+7.76l 9.33+4.72h 122.67+7.30mn | 44.00+6.20i
1918 166.89+12.31l 4.56+3.43cdef 116.11£13.46m | 46.00+8.54i
Cuculiformes S’JWU@%LLWM 63.50+4.46b 1.67+£0.52abc 42.17+4.75ab 19.8311.47abcdefg
Gruiformes AN 180.07+22.94| 9.93+4.32hi 149.36+13.61p | 20.78+17.21abcdefg
ALLAY 249.5+8.420 12.50+7.27i 161.33£11.91q | 75.67+7.16j
551 100.00+8.63ef | 2.44+1.42abcde | 71.78+6.24ghi 25.78+2.77defg
Turniciformes @j&lﬁ(ﬂ 88.33+4.03de 1.831£0.75abcd | 68.33+1.21fgh 18.17+2.79abcde

dadasusntasllann *ab.c,....s

One-way ANOVA @28 Duncan test saUBha&am 0.05




Order Passeriformes

WNNIEITUNDY

PN

S-4800 20.0kV 19.9mm

WNNITITUDITINAN

i

a = =l
wnnwilasntinaas
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WNLDLIANY

$-4800 20.0kV 22.3mm x600 SE(M)

WNLAYIAEIIN

50.0um

21



$-4800 20.0kV 17.4mm x1.00k SE(M)

wnLaILEIRI9lan

Order Anseriformes

$-4800 20.0kY 21.6mm x250 SE(M)

[~
wnauas

Order Columbiformes

wANs1u1A

5'0 (‘]unyw

.

$-4800 20.0kV 22.1mm x1.00k SE(M)

WNLDUNI

gl
< oes

S$-4800 20.0kV 19.1mm x700 SE(M)

wata vl

5|0 (I)unl1

L
50.0um
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Order Ciconiiformes

wnagnIan

wNLAIN

23




S-4800 20.0kV 22.8mm x400 SE(M)

$-4800 20.0kV 16.9mm x350 SE(M)

wnNaIIAIE

Order Cuculiformes

%

$-4800 20.0kV 17.2mm x1.00k SE(M)

WNBIUANLLAL

100um

WOOumI

$-4800 20.0kV 21.8mm x350 SE(M)

@ A&
wntUaNLan

24



Order Gruiformes

WNRBLLAN

| — AT

25
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Order Turniciformes

50.0um

WA 7 Iﬂidﬂﬁ?’]daEi’]dﬂ:LSEI@‘Iﬁ’]%@T@I“H’J'N"IIadLﬂﬁaﬂvL“liuﬂ“(lyd 32 79a NANBIGI1ENRDIBLANATO

WUURRDINT

WathANRWIVEITY palisade Laz mammillary WIAIAIFARIBNLAMNABITINNIRNAV D
waen'ly (pit waz mi) wudnddenluvesunlundas Order §339v09ANRAFIUNIFDINTIUNUAY @4

a a
UL El@]lu@]’]i’]d‘l’l 3



ANTNN 3 ANFARIUANAWNITY palisade/ total Wz mammillary/ total VaIWNNY 32 THa

Order FUAWN p/t mit
Passeriformes nITINUNBI 0.849 0.124
N3TINUTITNAN 0.877 0.110
NAUTITNAN 0.716 0.276
NIz AunAILY 0.754 0.232
MBI 0.625 0.273
AundAaninies 0.648 0.327
Usaaain 0.763 0.192
Uroanalan 0.670 0.300
saanafiadn 0.807 0.270
JunIaunuane 0.833 0.144
\3n96ng 0.842 0.126
\Bn9Esm 0.702 0.271
NCAIE e e ki1l 0.638 0.339
LEUW 0.765 0.230
Anseriformes auas 0.568 0.358
Columbiformes Auih 0.692 0.224
wlwg 0.662 0.298
Ciconiiformes NITUALGLIA 0.861 0.105
AuLnew 0.895 0.065
§9NTANWUETN 0.664 0.294
wnUnwng 0.657 0.340
WNLVIN 0.651 0.349
19 lWviaen 0.690 0.258
1adlan 0.799 0.186
g19InIan 0.890 0.075
813A318 0.697 0.250
g9y 0.696 0.276
Cuculiformes Suanuan 0.664 0.312
Gruiformes fn 0.718 0.258
nan 0.829 0.115
UNUUULA 0.647 0.303
Turniciformes uﬂ@jwﬁ(ﬂ 0.774 0.206

27
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3. ﬁmsnLLaﬁmﬂ:ﬁﬁ’mﬂm%aqmmwLLa:L%oﬂ%mmﬁﬂs:ﬂauluu@iazfmaaLﬂﬁaﬂ"lﬂjuﬂ

fmiundnmlanaiiuazasdlznaumnavesdisnliunmaoldndasganssaddidnaseu
LUURBININGA (SEM) @18%260373970 Back-scattered electrons (BEI) waz Energy Dispersive X-ray
analysis (EDX) 31ndwanidfanliundiuin 15 e 3asuunidu 6 Orders Aa Order
Anseriformes 37434 1 790 Aaunidauag Order Passeriformes 31131 10 790 AaUNNILUULNY
WNNIZINUNDI NIZIUTITNAN WNNILIURATSeY wniwlfeninies wnilteanalaw uniseanad
3N WNUTAFIN WNEUWIAULALONGN LazuNLBE9a13N1 Order Ciconiiformes §1W2% 3 Ta Aaun
NITUAUALIA UWNAKLINBY LazwNe1INIan Order Columbiformes $142% 1 Tha AaunNIUT waz
Order Gruiformes $143% 1 T9%a AaunNIN

WUT1GHAN 10 'ﬁwﬂul,ﬂﬁanvhiuﬂwgo 15 8@ A9 ANTUOU BaNTLaw tolAuy wuniidoy
azafliilun Thnou Weawada daiad asatuuazuaaidon laswuididSinmdadulefiduduas
s19lufenly 16.67-28.33, 50.12-59.04, 0.13-0.40, 0.07-0.52, 0.06-0.75, 0.04-0.53, 0.02-0.22,
0.02-0.19, 0.04-0.14 UAZ17.48-29.48 LaslEud aus ey (a19197 4) wud’mmﬁlﬂuaaﬁﬂi:ﬂau
wanluwdanld e ansuan sandian waarday Judanlyvesunnisuantine wniudainaesuas
wndsanaan 3 viia Ainudnd Tududiin 0.03-0.11 wWasidud athalafianuiesidudngdieg ¥4 10

o @

phanidnasddsznavluwdfonlivasnnnivuadanuuanarsnuadng lidvedayneada (P>0.05)



A3 WN 4 @hmﬁwaam@;

Mdwasddsznavlwlfan lidaiduilasidue
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] 5 i @ < 1 ¢ & e
anadzzassrgiiinasddsznavlwfenlad (dosidud)

AW

m3iuan aondian Tzidza wanihiBen | eafiiten Faman Woanlasa Faad Anasn uaadan Tadudsia
nIALNed 20.09t5.63 | 57.34£2.95 0.15:0.07 0.00:0.06 | 0.08:0.09 | 0.07:0.04 0.12:0.08 | 0.15:0.06 | 0.04:0.04 22.0416.41
naAuEIIIN 18.73:3.18 | 54.57+4.14 0.15:0.05 0.19:0.07 | 0.12:0.08 | 0.09:0.07 017:012 | 0.08:0.05 | 0.05:0.01 26.05£5.62
nasAunghfou 20.25¢3.88 | 57.05:2.70 0.20:0.08 0.18:0.16 | 0.33:0.35 | 0.09:0.04 0.10:0.05 | 0.13:0.06 | 0.07:0.10 21.85£4.62 -
nazuauduia 21.8747.56 | 56.78+4.36 0.18:0.12 0.22:012 | 0.64t1.00 | 0.34:0.29 0.14:0.04 | 0.13:0.05 | 0.09:0.04 20.03+10.30 -
nin 18.19:3.69 | 56.41:4.03 0.400.32 0.07:0.05 | 0741081 | 0.15:0.11 0.16:0.06 | 0.13:0.07 | 0.07:0.05 24.14£7.38 -
maun 28.33:7.49 | 51.845.80 0.16£0.18 0.52:0.66 | 0.57+0.92 | 0.53:0.93 0.08:0.10 | 0.100.10 | 0.08+0.08 17.76+4.16 0.03:0.12
fiufaninias 20.07:2.87 | 52.96:3.90 0.20£0.09 0.27:0.16 | 0.11x0.07 | 0.10:0.06 0.17:0.09 | 0.13:0.09 | 0.14£0.06 26.10£6.18 0.06
o 21.90£3.74 | 59.04£3.60 0.14:0.13 0.27:0.15 | 0.37:028 | 0.24:0.18 017:0.11 | 0.11:0.05 | 0.08:0.07 17.81:4.58 -
Useasau 20.44:4.38 | 56.87:3.78 0.15:0.10 017:0.12 | 0.22:0.16 | 0.11:0.07 0.15:0.07 | 0.18:0.10 | 0.05:0.02 21.95¢6.85 0.1
Usearialau 19.59+3.24 | 50.12:7.65 0.24:0.08 0.18:0.07 | 0.41:0.49 | 0.08:0.07 0.22:012 | 0.19:0.14 | 0.09:0.05 20.00£8.54 -
tseawrfiuin 16.671.84 | 57.10£2.37 0.27£0.16 0.23:0.11 | 0.06£0.04 | 0.04£0.02 0.13:0.07 | 0.13+0.08 | 0.08:0.04 25.47+3.88
wnuth 24.73:854 | 50.89:17.00 0.13£0.36 0.19:0.59 | 0.50£1.23 | 0.14x0.60 0.03:0.08 | 0.02:0.10 | 0.08:0.20 23.31219.72 -
gnansan 20.165.48 | 53.38:4.45 0.21:0.10 0.24:0.13 | 0.1410.06 | 0.12:0.06 0.02 0.08:0.05 | 0.07+0.04 25.76£9.57 -
Sunsaunuand 17.11:2.94 | 5251:7.14 0.13:0.07 0.23:0.16 | 0.13t0.02 | 0.25:0.15 0.18:0.11 | 0.12:0.13 | 0.08:0.05 20.48£9.20 -
1Baadng 2115225 | 60.19+2.20 0.18:0.11 0.14:0.08 | 075139 | 0.14:0.06 0.14:0.05 | 0.07:0.02 | 0.05:0.04 17.48+4.35 -

WREITe): - MU lin
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391900 uas agﬂNan'ﬁ%ﬁ'ﬂua:ﬁ'ﬂmummz

ANHAINTWITUNLINT NI UANIZTAMURUITINRI AN URWIVaILAazTUIa L Fan L
Vl,aim&mnagﬂvl,ﬁ'hﬁmmé’uw"’uﬁﬁum‘sﬁmuﬂmjw mwmsﬁ'@agmw’immmuﬂagﬂ"u 1¥a991NNNS
f{hLLuﬂﬂﬁju@nmmﬁ@agnm?muﬁmﬂuﬂ’m‘v@mﬂﬁaQamaamiw‘"uﬁqmm w32 DNA lag'laiinga1as
s = di A 1 v 1 Qs a a d' o 1 %
nuTeazidualuwIasvaslaanla LLaJmeiﬁma‘gtmmmulm:uumum]’nl,uﬂﬂ@ummﬂwm:
wane g dudsznaunu iiulassaiiiniouanvasun wodniw ansazgnuaniiia Wudu Aldld

\ = a \ A v o \ PN A o \ =2 | Y =
namtanazdoa lauazidfan ludadnels naratsriaunninlaundnes wudwdazdwwn b
0/ 1 a L™ H 1 > .& s a o - 1
Order LAYINWUANTRATUUIAAINUANATINHBUIN TIVUIAAIUDIBNITFUN BT NUVWIAVDI MU LS

Anunuweldenladls (Christians, 2002) i Tl Order Passeriformes wnfindfaniiaas

Aa o A o a LA v a : & a Aa @ .
NUVPBIAGI 11.5 DA, LLagllu’]V\uﬂvLTLWﬂ\‘] 0.79 N3y NQQWNLL@]ﬂ@qﬂ'ﬂqﬂuﬂLaUﬂaqiﬂ’]ﬂumu’]@@niﬂf}l]

(2
A o

24.5-27.0 3. LRSI M 5.72 N33 w38l Order Ciconiiformes NAWNNNUUIAAILANAIIN

inuny Lt wnidafan Sauread 25-29 @y, lusuezAuntning Juuaaa 68-81 wa.) 99

~ 1

muvl,@i”mnmsﬁhmﬁmmﬁagamwwmmaamﬁaﬂvlﬂi dunauninizaanyzanaunn bidnazidunng

q

o o v

ﬁmmmlaQaimaai’wLLazmm%mmmadLﬂﬁaﬂ"lﬂiﬁ%amwwmmaaLL@iaz‘*ﬁ’uLﬂﬁaﬂvlﬂié’uw”ufﬂ”m’ﬁ

ﬁ]”@mjumuakmm%m%%avlai @”@i@gamﬁ@mjuLﬂﬁaﬂ"himaduﬂﬁﬁﬂmmm@ 32 T9e N8
A

ﬁ]’mf*ﬁagammﬁmﬁmauﬂﬁaﬂvlmamnlu Order Passeriformes 31434 14 4@ LLﬂaLﬂumjuﬂ

wand19nwlaia 12 ndw (a, b, ab, be, bed, ....k) wazlu Order Ciconiformes 31u2% 11 T iia

[} a

& oA \ o R ! .. A A a A o
LLHGLU%ﬂQNﬂLL@]ﬂ@]’NﬂuVL@mG 7 ﬂ@&l (fgh, 1], k, |, q) Luadﬁ]’mﬂ’l’]&l‘ﬁu’madLﬂﬂﬂﬂ&l"ﬁ’)d‘ﬂ‘?ﬁau‘ﬂu

o dq‘ o @ A o [l A 1 = a ] $ v 1
NWARIINAKNTEY %E]ﬂﬁ]']ﬂ%l%%ﬁ’]&lﬂu@ﬂw(ﬂ’laEI'NL‘.LISE]T]VL?HJE’J\‘I‘LLT]LWEJ\‘] 1-2 THALNIUY vL(?']LLﬂ Order

=)

Cuculiformes ULNIUNAINUGNWKLAW Order Anseriformes NINSIWNLDALAI WAz Order

a A 1 A 1

Turniciformes NULNHIWNANDA LHNTh1 ﬂm:pd”%”ﬂvlﬁaaaﬁﬁf*ﬁagamﬂmwwmmaaLﬂﬁ'aﬂvlfﬂmmm

q

RASI% AMURWITY palisade/AINNABITIY LAZAINAWITH mammillary/ANARITIN LNDAALTB
AULANGIIVDIANNAB LA N AN BLUTATUUYWIAAIWN WUIIAIFAFIWYDIAITNR T
. % % 1 v A a 1 [ v A s L3
palisade/AMURUITIN lunﬂau@uvlummm LLzm"L@mLamuaammmaglumalﬂmﬂ ILRSNLTD

NUAILG 0.57 11 Order Anseriformes aufd 0.65-0.89 L1 Order Ciconiiformes &1WIUAIRAFIW

]
=

AMUNWITH mammillary/ANURUITIN awa:l,l,i_iaﬂﬁiu"l,ﬁ"ﬁ'@mnﬂdﬁ \3uly Order Passeriformes

1 Aa [

A \ | . A | \ v
mwaaﬂuma 0.11-0.34 ®3A% Order Columbiformes Nﬂ']@%i%‘ﬁ'lx‘] 0.22-0.30 LLUINSRBIIILAINCH

U

dasgrunisasilasusnidunguuasudazanauddfionn isunguunilsaa (Pycnonotus) Nfat 3 iia
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laun undsaaaiu unusearifiasin uazundsearnlan Sa1gasIuaNNRIITY palisade/ANURIN
90 HBUUIAILE 0.67-0.81 LAZAIEAFIH AINAWITYI mammillary/A1NAWITIN WL TAIUG 0.19-

s %

0.30 ﬁ%m%vm”aazhwaouﬂﬁagluaaﬁlﬁﬂ’;ﬂuﬁmvmmmmLLsmﬂQ'aJVL@Tf@Lﬁmvﬁuuﬂm:ﬁmﬁum
a o

a v A A P2 \ & .. A \ & - >
LL&z%ﬂﬂi:ﬁm%mﬂaLiﬂU‘NaQlu’mﬂ Sylviidae TIURARIWBVDINIRDIAIUININY 0.716, 0.754 LR

0.276, 0.232 ANAAU

[
o o

=< P =2 a A A o o a o A ' 9 o '
aumammmmﬂmmummwalvxwagaﬂs:ﬂa‘uaﬂ‘ﬁmﬂ qmuwmwwl%mmmwnqw
A = \ a A W o a X f .
WIDRAWANNLANAIVBIT LAz AL avalAan U laTaLanaIuwT PIAVBIIWIU (vesicular holes)
| A o - & . A & v A v &

mmﬁmuuumammugmawuw1u°ﬁu palisade mauﬂumagaﬂszﬂauwmﬂﬁmumwmwaa

~ A o o a & \ = a ~ , AN o
mmwgumaaLﬂaanmamu’gmmuﬂsmmmaagwgumwaa"lmmzml,ﬂmumyumﬁmmﬂmo'ﬂ%
WNAIILINWINVUIAUBY vesicular hole maauﬂlum%”auﬁmmmmLﬁumuﬂuﬁﬂmaagjs:ijmo

£ a I ¥ A o i '

0.6-1.2 lulasiuas Tefarduiunle 0.28-1.13 a9 bulasiuas (Becking, 1975) wazttdan livas

s

: a AR a A aa A A da v & a
IAfInndnmludszineduiizngundansmznannied Nvwaduwituguinavadodzunm
0.32+0.08 lulA3LN@T (Chang et al., 2007) &3 lARIABWIIN (Ring-neck Pheasant, Phasianus
colchicus) HUWIAINTH 0.142 0.14101ATNAT wazdAMURUILUK 65.64 26.46 368 100 A1319
& & o A . a aa A
lulasiwas (gwiwn gusslaad, 2558) uananiansaeniaUiaziduavasgnandian (pore)
' : ' A A A \ @ ) ] aa a
wazAMUnUILtKYadgdaniisiuiianly lasnyiasuiasesgudazdiundaausnianin
A ' =2 <& X ' o & A ' A [y
\wWianuanaudufieg uuaITh mammilary 13u anszgduna lidnsuanuaws awandisves
JEIUAIUBN FIUNAIUAZEIUANFANTIUVDIVITU mammillary iudsnunuswIuznfvesly

In 10,000 3diaWas (Okubo et al., 1997)

fniudeyadug Nausnthandsznaumsfansawn ldde suwavendaiulivnadiunen
wazaulu (outer and inner shell membrane) ﬁagﬁ'@ﬁnmﬂﬁaﬂ"hiﬁ'u mammillary winld F9enad
. o \ P A ' \ ! a a a A A , & ~
anuuandanuluudazsfianiaudazana iiu Iik13W ludszinedu Siawfanlidunaniiaany
Y A . ' 4 , & e
ni19 1.690.48 lulasiuas delawralnginindaidfonlasuwluviany 1.18+0.23 lulasiuas
(Chang et al., 2007) utdsInuNT891unin lnwesdibaidden’ly sunenfiauie 2.56+0.0.84
lulaswas lngninbatulu 1.56£0.40 lulasuas (Wit nidszndu, 2555) luamenlidae
~ Y & & A o @
wdnlawaidwlovastunanuaztulude 2.13+ 0.51 waz 2.77+ 0.62 WlATNAT W& lag

wuihsastwlizmauandwnuasaldnedmAyneaia (Ewism qmitﬂiﬁ]ﬁ, 2558)
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Lﬁ@ﬁ’%’ﬁm’]ﬁ]’]ﬂiﬂidﬁ%”]dﬂﬂﬂﬁ@?l’]’]dﬁﬁﬂﬂ’]ﬁ’) anReIBlanaTanLULFaInTIaNLI LU Ren 1Y

289uN31%2% 14 7% 1l Order Passeriformes Wazu191%a % Order 5%6] LT BNABUAY WN

1A

ATELALALTA uwnednsan Alaseas1evassh mammillary Lfluﬂﬁwm”aglmmmlﬂuﬂuﬁuaanm

o3 9

@ e A v 1 A 1 v & a v g I~ Al s dyu | A a
awwﬁmuLﬂanuvl,wnmﬂn@wﬂ"l,ﬂ Lﬂ‘i«lu‘ﬂ%’?'ﬁ\‘]Lﬂ@]']’]L‘]JﬂaﬂvlﬂmLfl%ﬂﬂHM$%ﬁ'lulﬂﬂLﬂuvlﬂl'ﬂ&l"ﬂ%’](ﬂ

U

£ '

Wn laadiininsa9dszanm 0.79-19.79 N3N wazANNRUITINVaIURan 11T 48.00-249.5
1 a 1 d U uq: nql' > a > > ] @ % 1 A
lulaswas daudnngunislansaiisvastuiinisiaissaniusldiy (U) dendrstaan igu wien
' ' a f A yAa . a o
lawasuninyine unidauasuazunisuih Gesruannidwlindawalna lasdnwninge 14.58-
41.76 NIWLATANNRIITINYBNLREN 11199 120-37069.33 lulasiuas ndayandnenuininy
v & X A M A a A '
1a39&3190% mammillary vadiddanbililusa (Brasse) Selanunminvaaddonta 311.11 27.51
A ) ) ) A an v
lulasiwas uaz 1wWianlaivesun Greater Flamingo (Phoenicopterus ruber) Gail linwialwgininax
877 LYNNY 8.39 X11.80 . wazaunuITINvadlfenly s68.83 lulasuas Sn1saasosaadu
s { a £ 1 a a l& 1
Uy (U) NiTaiau (Mwaua1s n-u) (W3inn Liula, 2555; a330n3 daglanm, 2548) Tauaneng
Y A | ' \ . A A . \ o
nlasaradionlivasunswialng 1Twwn Rhea (Rhea Americana) T9di liuwalwg) ni1aXenn
9.36 X15.08 Uy, T% mammillary VadiUfanta drwluaad mammillary cone Januaizinaanasuwa

(Mwil 9) (833003 daglanms, 2548)
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AN 8 MW SEM uaadlassasrsnmasaaanaddanlyliiuse (n) uazun Greater Flamingo () 370
nagIanTIANBIANATauLLLFRINTIA (N3 WIAn Lula, 2555 wazesIany L8sglan, 2548) ()

\wdanldvasun Rhea :nndasganssaidianasanuuudeinia (an: a33nns 189glantu, 2548)

v
o

lassaadfen lindnsluaofl au109alassainsusiuuy (model) vadildanladu 2

) A A A = o a v % A o = A . =
naw 138 2 JUuUY Aauuui 1 iWumsaasssandugleny (U) noaan Wuwdenluvasunidauas
(Order Anserifornes) kas #nU1n%19 (Order Ciconiiformes) #1ATUUUUN 2 1ATIFINIVDITY
. £ Qs A I 1 dl et s Qs tﬂl v 1 dl [ U & =) 1
mammillary (Juadedrguddzrmduludneanundudanuiiadyldaninagaadily dadfen’y
yaswnanmsnlngiduwiuud lasawzadrsbssurBnle Order Passeriformes , Columbiformes

Gruiformesliaz &1%lwnjuad Oreder Ciconiiformes (NMW# 10)
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AWWNTENIA8auWNaanN Y AITaNaNAN B URTUINT 6 F18WUT (Peregrine Falcon, Shaheen

U 9

Falcon, Peregrine x Red Shaheen, Saker Falcon, Gyr Falcon Was Saker x Gyr) wuindaan'lyaas
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AN A A A ] A A ' ) . A .
lanlafiassdanunuininnii waenlinardeunneanannluuay wwwluiaiian Peregrine Falcon
wuIaurwvaddanlalwlufn inswawivadalaan daunuininlinwnaaniduwaiusn
(0.2840 WAZ 0.2704 AARINAT AMNENAL) (Castilla et al., 2010) WAz Kreitzer (1972) NT18971%73N
waanlaunnszn Coturnix quail (Coturnix japonica) 7 MidnIIWAIMIVEIA188% (0.193 NadlNa3) &

1 Idl v a a ] = o Qs aaAa 1 = Q Cid
AMURWININNI IAWNLED (0.179 AadlNaT) a8 9AhERIAYNIIRAA (P<0.05) LTWABINUNL

' A . A A ' ) ' v o '

NBNWINWANTENVIFUAS (Alectoris rufa) Tiddanlusenslnawnuianiuaznuusine ba Hasnin
A o . A @ P o @ . A v A a
szuzAgylddin (18 Hadu uaz 23 fdu aud1aL) (Castilla et al., 2007) Gadunsaiuayuiing
ms@@fﬁuLmm%‘wmnLﬂﬁaﬂ"lﬂi"l,ﬂﬂ'm”aéau A ldaanliuneas inlvidaanldutsas  Taawudn
@T’mﬂmm%gmﬁtﬂugﬂ@”’;g °11a\‘iLﬂﬁﬁ]ﬂ‘*ﬁ'ﬂ%ﬁﬂﬁﬂﬂﬁﬂuimaa%”ﬁﬂ@Uquﬁaamﬂé‘ﬂﬂmmﬁu
(Blom and Lilja, 2004; Abdel-Salam et al., 2006, Chien et al., 2009) %ana1n# a1gvaus lAnd
ANUAmAYLITUIK aunsnwMIAnsgunnzadllln wud dminidfenldaaasauengvaul

R & P v A A X A | & o % ') A ' v .
Afnaw Wasnnille ldfiongdadudfen lifazuneas vldshwinudenliaeasdan (Zita et

' PN ' Aa o P D = A A &
al.,2012) aauluunuwmuawumunmmquam:mmmaﬂmaﬂ TE LR IR R IATREMER

SNy Y
vlmﬂlmymumsl (Sydeman and Emslie, 1992; Weimerskirch, 1992)

v

WRKLAINNNTauanNNR IV Fan liwnNvindnen ﬂ'a"l;\iaa@ﬂﬁaan”umsﬁ'@ﬁﬂLLuﬂmju

2

Aa o o

uﬂvld’muagmu?muwwdl,ﬂm 17 asanafiannluldazaual (Order) Svuwaalnuandranuann
FailRanunuwvesdfenlufsrsnnireann wu lu Order Galliformes Nilanunwvaslfanl
wnaglugag 172.50-690.10 lulATiaas uaz Order Ciconiformes a8 lus29 112.56-365.40
lulaswas dstudayanaishudoufsunuoraduddasiuvaianunuIraItud99 1t
o < i <& . R , & A2
FARIUVDIT mammillary layer w30 Th palisade layer dgaanunwvadlienluninue Sia1aas
A @ A v 1 A s A [ 1 v A [ IS % A v [
fdeyaniusasldafisunlunguidoinuwazddrdadiulnaidonuuazaradudeysfizonndasny
a Ao o v s A . . ' =
auNTNIT NI BTBYANIWRBENTIN @1W7 Hirsch and Quinn (1990) MeIwIIINAIANEIANN
lumunwudndfenlilunga Neognathae azfidasiuvestu mammilary rutuane aglugag 1/s
(0.125)-1/6 (0.166) Tadudayanraulauazaiufl Mathies uaz Andrews (2000) Anw1lATIasng
waanlivesNaiuazFAEI%8IAMURWITEITHA § WuNTrslunssuunsievasnanile
. = A ok Y A . . A Aa A v a o
atnalsfimufigfdnmnlasiaialfanliunnszm partridge laswuirfiawazniafenlndidusin
fia 300-500 WIlwiuaT (Zhang et al., 2005) WisanadasdnuTayaduanlsznaudnwanaen 15w
< ) A ~ : % a ' , A ' P \
AUNTUBITY palisade Nanafiauuandwiusadlfanlduniguinuindianlives unidsaa

RI% WNLDLIAY BNNILUBLIB ﬁmmw;umaafu palisade IMNNIIBNBUNTALOLENGT WNNIN WA
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o o ' o { ' < { v @ . a X
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a . d v o a d { o A v
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. \ a ¢ = & v A o ¢ = & o QA
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1. unN19LURUIY (Oriental Magpie Robin) Copsychus saularis
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2. UNN3ITUNBY Asian Golden Weaver ( Ploceus hypoxanthus)
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3. UNNISZAIUSIIUAT Baya Weaver ( Ploceus phillippinus)
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4. UNNSLIAUSISUAT (Common Tailorbird) Orthotomus sutorius
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5. unns¥Auneir@ieu (Plain Prinia, Prinia inornata)
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6. unnuUdantiaeay (Olive-backed Sunbird) Nectarinia jugularis
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7. unUsanduU (Streak-eared Bulbul) Pycnonotus blanfordi
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8. unUsanidvdn (Sooty-headed Bulbul ) Pycnonotus aurigaster
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9. unUsannalau (Red-whiskered Bulbul) Pycnonotus jocosus
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10. undunsawauanan ( Pied Fantail) Rhipidura javanica

pied fantail
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11.und8981301 (Common Myna) Acridotheres tristis
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12.unLd89A19 (Asian Pied Starling) Sturnus contra

JUN 12 unLdeanng

fian: https://upload.wikimedia.org/wikipedia/commons/thumb/4/45/Black-

collared_Starling.jpg/220px-Black-collared_Starling.jpg
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13. unuga3119Uan (Black Drongo) Dicrurus macrocercus
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14.unwduUns (Ashy Woodswallow) Artamus fuscus
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Order Ciconiiformes 971U 10 ¥ia

1. unnseuauALdn ( Red-wattled Lapwing) Vanellus indicus

SUN 15 unnszuaueLin

= s u A a
N37: YFENaU SNULIY

Y Y Gl L4 aa = U a gj a o = o

UNNTELALALIN NTOUNNTEADERATN HUUINFD 32 — 33 WURLUAT WIauneAllanvazilouiy
UnesauazeUIunans Jauas Yaneuinden asroutedu UnnlstazUateUnuu wieenauiunas 90
' ¥ 2 o A iy [ a LY B Ao v v Ao v Y 1 A o
AIUT1NE Y Lazidmdes dhnduanuin Usnai Ae wazeniludadanudaidsnuansiiudun
AUt sBIiduININNUINMIUATeIR lUITARAUTY 2 netamils  TUSimndntnamidedina
Woduns deuuudnalividevdiiazilen a1funIuYIuT VLN LagautIeLaN NadnIn
waztAn emslann wuas dvueu dndihuazdnidu 9 nsTatewugiususnamziaLaa ey
dude Iusupviunndedld wileniueaniedds wasinivaung

HauiugluYegaseu dogHy Waulluiay HueuUNINYIAN NS INNANTUSKAIILYILUATI
[ o o X a a PN 1 N v v X Y m o v v [ & = 2
$1 TegvhSwnuiuiu vsnannukaslas daunegWusgtiaualisn Selldnvasduvauin 9 Dl
fouiuan 9 wazAuneulilugdn 1elunsauszlnesounss veassldirwnguiannossuiuduss
PASIaeRaY 22.39 - 23.94 WwuRwAs uazdn 3.92 wuRwes Wudugugnine ddenadeu Taneqged
m viseanadu dntnsluetnanszaneines wunald 29.87 x 42.28 wufiwns au1nAsen 4 veg 119

apamardntuiinly Anlaunu 26 - 28 Ju WuunUsedrduinuusstasiiuSuiaaAaud1amin



57

2. unfAuis (Black-winged Stilt) Himantopus himantopus
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3. ung19nsen (Pond Heron) Ardeola sp.
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4. uniarian (Little Grebe) Tachybaptus ruficollis
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5. ung19le (Little Egret) Egretta garzetta
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6. UNe19A218 (Cattle Egret) Bubulcus ibis
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7. unmanianﬁusﬁjfn (Javan Pond Heron) Ardeola speciosa
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8. unuU1n119 (Asian Openbill) Anastomus oscitans
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9. unwn (Black — crowned Night Heron)
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10. une19ln#IA1 (Yellow Bittern) Ixobrychus sinensis
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Order Cuculiformes

unNdUANLAY (Pliantive Cuckoo) Cacomantis merulinus
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Order Gruiformes

1. unnin( White-brested Waterhen ) Amaurornis phoenicurus
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2. undan (Common Moorhen) Gallinu chloropus
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3. unuyuwad (Ruddy-breasted Crake) Porzana fusca
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Order Columbiformes ?MUU 2 YA

1. unwﬂmyj ( Spotted Dove) Streptopelia chinensis
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2. unis1uU (Rock Pegion) Columba livia
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Order Anseriformes

1. unilaune (Lesser Whistling-duck) Dendrocygna javanica
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Order Turniciformes 1 ¥in

1. unAudm (Buttonquail) Turnix sp. liswsaszyvialddaau

P gy Y Y] ! | o oA A O ad v L A Ay v
UANWULARIYNUUNNTENT ANITMNNFHINAUN UNAUDAUUILUUIILNT 3 U3 LLagiuuL@@UW%@LWW

q

a1 =

MAUAIENTYLDERUNUAY Fvunmudmilatgusedne 4 naunfuiuan1muinaed nunsyaeiugng
Tuniviede wensn adazvihmihinnluuwasidesgan lldvaniinUszuna 12-14 Ju Wuundsed

AU WuUaykazUSuIUIUNEIS



70

ANANUIN 2

) (<4 d' Y
NagSan 1asy

1
v AaAA A L

U52noURI8N31S o1 manuscript iodaranIseRiafiniluns s sEAUIING
HATMITUONANULUY Poster TUMTU5ZNINMITLAVUINITIA
waluszmmazaalszma
waz IdmeunsmanuuazanudiSeamsaneigysaas Tassadaudden liunTne
Iaodnels Tdnmensunazdaulyluaunuddaniinamans vosna

a 4 a v A =\
Menmans urneaesaaling 1 2553-2554

laaSoy Manuscript 1389 Rock Pigeon eggshell study by SEI/BEI/EDX: Ultrastructure and
elemental characterization iWasIHaWIdBNGRNRIUNITTRdUTANUNNglugudaya TCI 2

AILFAIATHEI



71

Rock Pigeon eggshell study by SEI'BEI/EDX: Ultrastructure and elemental
characterization

Sribuddhachart, KX, Chuen-Im, T2, Youngsabanant-Areekijseree, M.*

Abstract
This study was aimed to examine ultrastructure, and qualitative and quantitative elements of
Rock Pigeon by scanning electron microscope (with SEI'BEI/EDX). Nine samples of Rock Pigeon

eggshells were collected in Nakorn Pathom Province, Thailand. All samples were determined for

their ultrastructure and performed elemental characterization using secondary electron imaging
detector (SEI), Back-scattered electron imaging detector (BEl, and energy dispersive x-ray

microanalysis detector (EDX) with smiling program. The results showed that all eggshells had 3

layers; an outer cuticle layer, a middle palisade layer, and an inner mammillary layer at the
thickness of 35.91+9.45, 94.29:10.02 and 11.92:2 31 micrometer, respectively. EDX detected 10

elements containing in the eggshells, including oxygen (O), carbon (C), calcium (Ca), magnesium
(Mg, aluminum (Al), silicon (Si), phosphorus P), sodium (Na), sulfur (S) and chlorine (Cl). The
percentage of all elements was found in the following order: O (50.89+17.00)> C (24.73+8 54%) >
Ca 23.31£19.72%) > Al (0.50+1.23%) > Mg (0.19+£0.59%) > Si (0.14+0.60%) > P (0.03+£0.08%) > Na
0.13£0.36%) > S (0.02+0.10%) > CI (0.08+0.20%). This finding can be used as the model for further
study of bird eggshells in case of classification and evolution among birds.

Keywords: back-scattered electron imaging (BEI), bird eggshell, energy dispersive X-ray analysis
(EDX), secondary electron imaging (SEI)
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+'Department of Biology, Faculty of Science, Silpakorn University, Sanamchandra Palace
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Palace Campus, Muang, Nakorn Pathom 73000, Thailand

Introduction
Wild avian eggshells provide evidence on ornithology and ecological behavior study,
leading to basic information e.g. nest structure or size, color and patterns of eggshells including

behavior of the animals during nesting season. These data are important for taxonomic
classification (Mikhailov, 1997; Nys et al, 2004). Moreover, based on morphological and

elementally compositional data, they can be effectively used as environmental indicator of the
animals- habitats e.g. heavy metal contamination in environment (Nys et al., 2004; Lundholm,

1995; Mora, 2003). Besides, the thickness of eggshells is also employed in implication of ages
(Cusack et al.,, 2003) and health and disease status of the pairs (Ridler, 2000).
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The essential of eggshells in propagation of all avian species leads into the importance of
understanding eggshell structure and compositions. The avian eggshells have sophisticated
structures, whose properties reflect perfectly their crucial functions in reproduction. These
functions are basically to protect the contents of egg from microbial and physical environment,
to control the exchange of water and gasses through pores during embryo development, and to
provide the source of skeletal calcium for developing embryo (Nys, et al., 2004,
Although valuable data can be obtained from wild avian eggshells, performance of eggshell
study is very difficult, particular sample collection. This is because birds naturally build a nest in
hidden place where it is hard for predators to reach (Peterson, 1978). Sample collection is directly
collecting either unhatched eggs or hatched eggshells where the parents usually remove debris
far away from the nests (Snodderly and Max, 1978; Sordahl, 1994; Sandercock, 1996). However,
most eggshells after hatching appeared in fragments so the study used hatched eggshells as
materials may obtain incomplete information. The difficulty of sample collection results in few
paper studies on wild avian eggshells.

In this study, wild Rock Pigeon eggshells were examined because they are easily to find.
It also can be used as indicator of environment in sampling area. Thus the aims of this study were
to examine the thickness, morphology and ultrastructure of Rock Pigeon using scanning electron
microscope with secondary electron imaging detector, and to determine qualitative and
quantitative elements of eggshell structure by energy dispersive x-ray analysis (EDX). The results
will be used as information in establishing a database and a model of Thai avian eggshells.
Moreover, the obtained data is taxonomic evidence in identification of avian species and in
comparison of avian eggshells with other animal eggshells, which may imply the evolution
between animals.

Materials and Methods

Sample collection

Eggs or eggshells of Rock Pigeons were collected and labeled from nests in Nakorn Pathom
Province. The size and weight of each egg was measured at the laboratory (Fig. 1), and the

thickness was measured under electron microscope.
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Figure 1: Measurement of length and width of Rock Pigeon eggs using sliding vernier calipers.

Preparation for scanning electron microscope

Side view, structure, and outer and inner morphology of eggshell were studied by
scanning electron microscope (SEM). The samples were washed with distilled water several
times and air dried. The eggshells were separated into two groups; the first group was mounted
on stubs with conductive carbon tape, coated with gold particle at 20 nm thickness in an ion
sputtering, and observed under SEM (CamScan Analytical, Maxim 2000S) by using secondary
electron image and back-scattered electron imaging operating at 10 kV. The second group was
mounted on stubs with conductive carbon tape and uncoated with gold particle for back-scattered

electron imaging and then analyzed on side view at the apex, equator and bottom by using
energy dispersive X-ray spectroscopy (EDX).

Statistical analysis
Mean and standard deviation of the thickness of Rock Pigeon eggshell on 3 district layers
was calculated. Statistical analysis at 95% significance level was determined using analysis of

variance (ANOVA), and multiple comparisons were analyzed by Student-Newman-Keuls (SNK).

Results
Structure of eggshells
The Rock Pigeon eggshells were white and oval shape. Their weight were 1458 + 0.68 ¢

(n=6) and their size were 33.01 £ 058 mm, 4209 £ 167 mm (n=4). The results from scanning
electron microscopy using SEI and BEI study demonstrated that Rock Pigeon eggshells
composed of 3 layers which were the outermost part of shell, called cuticle layer, palisade layer
and mammillary layer (Figs. 2, 3 and 5). The palisade layer is the thickest layer with numerous
vesicular holes. The mammillary layer consists of dome shape which are numerous pore canals
connecting from the outer cuticle layer to the inner mammillary layer for exchange of direct
gases and water between bird’s embryo and its environment (Figs. 4). The finding will be useful
for evaluating the success of hatching, survival rates of Rock Pigeon and reproductive potential
of this animal.
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Figure 2: Scanning electron micrographs of top view of external surface of Rock Pigeon
eggshell (A) micrograph from SEI and (B) micrograph from BEI showing pore (P) on outer cuticle
layer.

Figure 3: Scanning electron micrographs of side view structure of Rock Pigeon eggshell (A)
micrograph from SEI and (B) micrograph from BEI showing outer cuticle layer (Cu), middle
palisade layer (PL), and fibrous () which connect to shell membrane (SM).
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Figure 4: Scanning electron micrographs of structure of lateral side view of Rock Pigeon
eggshell from SEI showing outer cuticle layer (Cu), middle palisade layer (PL) and an inner
mammillary layer (ML) and pores (P)and funnel- shaped cannel (C).



76

Figure 5: Scanning electron micrographs of lower side view of Rock Pigeon eggshell A)
micrograph from SEI and (B) micrograph from BEI showing of circular shape of mammillary
knobs (MK) and fibrous (F) of shell membrane.

Eggshell thickness
The mean + SD of Rock Pigeon egg thickness of 3 layers were measured and calculated
under SEM. The results showed eggshells had 3 layers; an outer cuticle layer, a middle palisade

layer, and an inner mammillary layer at the thickness of 35.91:9.45, 94.29:10.02 and 11.92:2.31
micrometer. The palisade layer was the thickest layer, while the mammillary layer had the middle
thickest and the cuticle layer was the thinnest layer.

Energy dispersive X-ray Analysis EDX)

EDX analysis detected 10 elements containing in Rock Pigeon eggshells which were oxygen (O,
carbon (C), calcium (Ca), magnesium (Mg, aluminum (Al), silicon (Si), phosphorus (P), sodium
(Na, sulfur (Syand chlorine (Cl). The percentage of all elements was found in the following order:
O (50.89+£17.00)> C (24.73+8.54%) > Ca (23.31£19.72%) > Al (0.50+1.23%) > Mg (0.19+£0.59%) > Si
(0.1440.60%) > P (0.03+0.08%) > Na (0.134+0.36%) > S (0.02+0.10%) > CI (0.08+0.20%).
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Figure 6: EDX showed contents of oxygen (O), carbon (C), calcium (Ca), magnesium (Mg,
aluminum (Al), silicon (S, and chlorine (Cl).

Discussion
The difficulty of wild avian eggshell study is a sampling step because birds always build
their nests in safe places hiding from predators (Peterson, 1978). There are 3 sampling methods

that have been recommended for eggshell study, which are collecting from fresh laid eggs, using
eggs that are failed to hatch in nests and lastly using broken shells after hatching which can be
found under nests (Snodderly and Max, 1978; Sordahl, 1994; Sandercock, 1996). The last choice

may have problem of cracking after hatching and cannot rule out exactly for what parts of egg
they are. Moreover, the most important problem of the last method is a removal behavior, in

which most birds will remove the eggshell away from nest. As a result, in order to collect the
eggshell properly, the nest will have to be continuously observed.
The structure of avian eggshells can be studied by different techniques. The size and

orientation of crystals forming eggshell can be determined directly by optical microscopy using
thin-slices (<30 um) of radial sections and cross-polarizers. Information from optical microscopy

is visual and accurate, but is also two-dimensional. However, it is local-lacking statistical
meaning and limited to about 1-um resolution as well as requires tedious sample preparation.
Recently, a combination of both optical and X-ray techniques has been used for systematic
studies of three-dimensional eggshell textures in order to determine plausible correlation with
mechanical properties and organic components. In addition to these techniques, scanning and
transmission electron microscopy as well as electron diffraction have been used. In this report,

determination of Rock Pigeon eggshell ultrastructure has been performed by SEM using 3
detectors; SEI, BEI and EDX. Comparisons of the results obtained from 3 detectors revealed that

SEI method allowed us to observed morphology of eggshells clearly. BEI analysis demonstrated
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the location or area of element compositions present in the samples while the quality and
quantity of metals can be analyzed by energy dispersive X-ray spectroscopy (EDX). The results
indicated that Ca is the major component of Rock Pigeon eggshells with minor elements such as
P, S, Na, Mg etc. Cusack et al. (2003) reported Mg distribution is not constant throughout the
shell, decreasing from nucleation until after fusion of the mammillary caps and then increasing to
termination in domestic fowl.

Observation of eggshell structure in three layers, cuticle layer, and calcareous layer and
fibrous revealed a number of pores inside. In general, pores appear both on the apex and bottom

sides. This porous texture is required for exchanging gases, water and small molecules between

egg and environment and provides the source of skeletal calcium, which is essential for
development of embryo (Nys et al. 2004). Moreover, the eggshell would protect the enclosed

embryo from the weight of the parents body during incubation, and perhaps also serve as an
adaptation for lack of parental care.

Ultrastructure, size and pore density of pore of avian eggshells were used for species or
group identification or classification. Bird eggshell has different thickness and structure, such as

mammillary layer-dome shaped in Rock pigeon (Columba livia) or V shaped in Ostrich (Struthio
camelus) (Karlsson and LilJa, 2008). Chang et al. 2007) reported that eggshell of Reeves's
Pheasant (Syrmaticus reevesiiy composted 3 layers: cuticle, palisade and mammillary -dome
shaped thickness 20.8, 220.8 and 62.0 mm, respectively, accounting for 6.8%, 72.6% and 20.6% of
the total thickness of the eggshell. There are many vesicular holes in the palisade layer with an
average diameter of 0.32% + 0.08 mm (n = 30). In addition, total pore area showed an isometric
increase with egg mass and nest habitat (Deeming, 2006).

Many factors are known to have influence on eggshell quality, diets, females health and
age, and contaminants in the environment. For examples, inadequate nutrition (calcium, vitamin
A and D, trace elements, etc) can also lead to inferior eggshell quality. At present, dietary
manipulation is the primary means of trying to correct eggshell quality problems. Some diseases
e.g. avian influenza and infectious bronchitis may produce severe effects on eggshell and internal
quality. Whenever, there are some diseases infection on the uterus and ovary will cause the egg

passing through oviduct too quickly then the result will be that the shell will not get the salts it
requires. Dirksen, et al. (1991) reported that the negative effect of organochlorine contaminants is

the thinning of eggshell. This has been found in several species of fish-eating water birds and
raptors. In addition, Aluminum had been found as major effect on the eggshell defective
formation (Nyholm, 1981). All reports mentioned above demonstrated the causes that can severely damage and hinder
the success of reproductive development in birds. However, all samples in this study revealed no

contamination of heavy metal which indirectly indicates that the environments of Nakhon
Pathom Province are non-polluted by these substances.
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