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KEY WORDS : Eretmochelys imbricatal Chelonia mydas/ Dermochelys coriaceal SCANNING
ELECTRON MICROSCOPY
SURASWADEE NUAMSUKON : MODEL OF THAI MARINE TURTLE
EGGSHELL : ANALYSIS OF ULTRASTRUCTURE, MORPHOLOGY AND ELEMENT FOR
CONSERVATION. THESIS ADVISOR : ASST. PROF. MAYUVA AREEKIJSEREE, Ph.D.
109 pp.

Ultrastructural and elemental analysis of eggshells in 3 marine turtle species;
green turtle (Chelonia mydas), hawksbill turtle (Eretmochelys imbricata), and leatherback
turtle (Dermochelys coriacea), were studied by scanning electron microscope (SEM) with
secondary electron imaging (SEIl), backscattered electron imaging (BEIl), and energy
dispersive X-ray analysis (EDX) detectors. All marine turtle eggshells composed of 3 layers,
which were outer cuticle layer or calcareous layer, middle layer or middle multistrata layer,
and inner fibrous layer. Generally, morphology of the cuticle layers for all eggshells was thick
and porosity. However, there also were different characteristics among 3 eggshell types. The
cuticle layers of green turtle eggshell contained loose nodular units forming as clusters of
branching needle-like crystals without interlocking attachments. The leatherback turtle
eggshells had a cuticle layer which was similar to the green turtle but their crystals were more
tapering and smaller. For hawksbill turtles, the cuticle layers contained ball-shape and needle-
like crystals. The middle layers and the inner layers consisted of fibers that were firmly
forming as network thorough the layers. For the middle layers, sodium chloride was also
observed as complexes in the compositions. The outer layer thickness of green turtles,
hawksbill turtles, and leatherback turtles were 129.88+14.22, 117.51£16.19, and 83.67£17.15
um, respectively. While the middle layer thickness were 108.06+£13.00, 118.32+20.06, and
144.20+£2.20 um, respectively, the inner layer thickness of green turtles, hawksbill turtles, and
leatherback turtles were 11.38+3.07, 3.72+0.86, and 9.69+2.53 um, respectively. Results from
elemental analysis in all 3 marine turtle types showed that they mainly contained carbon (C),
oxygen (O), calcium (Ca), sulfur (S), sodium (Na), chlorine (CI), magnesium (Mg), silicon (Si),
potassium (K), aluminium (Al) fluorine (F) and phosphorus (P). Among elements detected,
carbon, oxygen, and calcium were found at high percentages. It was found that calcium was
accumulated in the outer cuticle layers (P<0.05). Moreover, trace elements, including lead
(Pb), palladium (Pd), and molybdenum (Mo), were detected in all 3 eggshell types at the
percentages of 0.1-0.5%. Also, copper (Cu) contaminated in leatherback eggshells and
cadmium (Cd) was found in green turtle samples. Contaminations of these heavy metals were
always seen in the outer layers except for Mo. Finally, there were other elements found in the
eggshells which were bromine (Br) and lodine (I). The results from this study would be the
fundamental data for further works to management of marine turtle conservation.

Department of Biology Graduate School, Silpakorn University Academic Year 2009
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A5OUASI (Family) (U3A 2537; Eckert LlazAnIe, 1999) Ap
1. Family Cheloniidae i 3 ¥ti@

1.1 191052

Fod 19I5y Hawksbill turtle

i A o

¥oInemans Eretmochelys imbricata
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2 Aa a 3’ @ a @ ~
AUNUANNVBINTEADITZIN 71-91 uAaT niinlszana 60-800Tansy vuan
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mmsnuwswuﬁ:‘lﬂmmmﬂnﬂizﬂmﬂizmm 70 IFUANAT U UNINTLUVUIAEUAIY

9
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9
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IBUALUAT Lmﬂizmﬁﬂagmmgmﬂzmimﬂﬂuﬁmmmﬂ%lmm 1oy uazﬁmi‘luﬁﬂszaﬂ
% Y] I~ 1 [ [ 1 a
AUHAIN ) Wuems uraenglvveasnsznuunluen e vSnatmza oy 1N1d

Fuazimzau 1. saysuazlduaiy uSnanmiimegiunsg 9. Wen



carapace plastron

Eretmochelys imbricata

{ @ @ < a [l
ﬂ']Wﬁ 1 Llﬁﬂ\iﬁﬂﬂﬂwﬂﬁgﬂﬂﬁﬁ']uwﬁﬁ (carapace) Lmzﬁjmﬁm (plastron) UAZINAAUITLIMUAIU
o 1 <3 @ < < o
HIVOIUAINTE Cl1-C4 ﬁmﬂaﬂuuwmumﬁﬁﬁﬂﬁmaz 4 1naa VI-V5 ‘ﬁﬂlﬂa@ﬂuwﬁ\‘]

I < 1 o
UDINAN (ventebral scales) 1 5 inaauazNAAUUA IR UNTN (prefrontal scales;

o = oy a <] 1 v 9 Y . A
pf) U 2 A (AFUIRU) LNAATIUNIATUUI (postorbital scales TD postocular scales;

U

< '

po) ML 3 InaauazaIuAIUHE1ve911n (thamphopheca; r)
fan - 'auesd nazaay, nsuih s, d1IneuSNENTNOINTTITUIA, AIUGNIULHIRIANI
N, MIF1IUMNNSL (NTUNN: 2543), 48.
*Eckert agnale, Research and management techniques for the conservation of sea turtles

(Pennsylvania : Consolidated Graphic Communications, 1999), 235.

1.2 iayws o ueeeing

%amﬁmu Green turtle

§ A J

¥oINOMEAs Chelonia mydas

% o a <3 1 o o '

ANHUSN AU IUINGT mamumummuw% (prefrontal scale) 31UIU 1 f]

] o < Y < 4 1w '

Lﬂaﬂﬂuﬂigﬂ@\ulﬂﬁl%%i (costal scale) 1UIU 4 NAA anbuzYeUvoUNanIFoUADNU 1]
9 o A o =1 =1 2} A =1 Qy =1 1
FOUNU ATUUAZANAWAINN TaslinTzaoddiiinaoumaod 1a1952791907IN5201Y

' 3 ' Yy a A A A A A
ANFAIUNANUNAA ﬂﬁgﬂ@\‘]ﬁ?uﬂlﬁﬂﬂ\iﬁlWﬁﬂQﬁﬁﬂﬁﬂﬁmﬂﬂu ("N 2)



carapace plastron

Chelonia mydas

PN 2 HEAAIENYUZNIZABIRTUNES (carapace) LAZARBA (plastron) tazINEALSIME I
WveusaYy C1-C4 AnndauundanItnadiuag 4 1nda VI-Vs Aonaauunadnd
NAN (ventebral scales) 1s mﬁmmzmﬁﬂuudauﬁmauwﬁ1 (prefrontal scales; pf)
$1mnu 1 @ihiTu) indadidiudae postorbital scales 130 postocular scales;
po) A1uag 4 1NAAaz A INAUNIIY0911n (thamphopheca; 1)
¢ o -

;- 'guiesd vagame, nuthld, dnineysnEnimenssssumna, aaugneuuranania

nelaq, MITIIVNNLL (NTAUNN: 2543), 48.

*Eckert A, Research and management techniques for the conservation of sea turtles

(Pennsylvania : Consolidated Graphic Communications, 1999), 235.
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VINUMLATIN V. ¥AYIUAZIMEATE . UATAITITNIIY aIUN NS uMTunUT MY
MEANTY 9. W
1.3 g
Fod 19y Olive ridley turtle
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¥oInemans Lepidochelys olivacea
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2. Family Dermochelyidae WWEIFUALAYI AD

2.1 wwziles

Fou ”Iﬁﬂlu Leatherback turtle

¥oINenans Dermochelys coreacea

Y @ a = [ 1 a A A o <3|

ANHUSNNAUTIUING NﬂJUWWGLﬁﬂJﬂ’NWHVI&a‘Huﬂ@uG] N52A0Y Nanyuiily

1 ] A o (= <3 A Y A Qs}l o 3 1] 1

UAURUINUITAN UliJlJLﬂﬁﬂ Huaugu sz ﬂi$ﬂfNLﬂuﬁuu‘]uGI'HJL!H'J?I'NM?JTJ‘Mﬂﬁ'Ju
v =KX 9 o

o 1 @ 1A <} Y A v < @ @
NIADINYIIUIU 7 ﬂumum'lwma@ﬂﬂﬂ’qmwaﬂmmuuunaﬂymmﬂuwﬂﬂ 3 nean (NN

7n4)
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carapace plastron

Lepidochelys olivacea

{ o Y <3 a [l
fl"IWﬁ 3 meaﬂymxﬂigﬂmﬁ}mwm (carapace) Llagﬁ)WUﬁ@\‘l (plastron) LAZNAAUTIUTIU

A
nu

o 1 <3 o <3 < (%

ﬁ?ﬂl@\‘]&@ﬂﬁiﬁﬁ C1-C7 ﬁemaﬂuuwmum*ﬁ}iﬁﬁmaz 6-8 1NaA VI-V6 ﬁ@!ﬂaﬂﬂu‘ﬁa\i
< < 1 o

UDINAN (ventebral scales) 11 6 naauaznanUuAIUIIABUNTN (prefrontal scales;

° 1A 21 a I [l v Y Y . =)
pf) NIUIU 2 ) (FUINU) INAATIUNWIATUUN (postorbital scales ¥TD postocular scales;

9
1 A o

< <] 1 @ o a [l
po) g]}']‘L!ﬁg 3inaa Lﬂaﬂﬂuﬁ')uﬁﬁ@]ﬂuﬁﬁl']‘ﬂ']u’}u 29 (@UINU) UAZNTLADINIY

U

@

#0910 INaN (inframarginal scale; im) Hyd1msvTVDIONTogTad S Ulsza MY
Y=
ANNFAN

v o a

'gunosd uazame nsuth1d, dnineysninswenssssuna, drugnenuurna

NN, MIA15IVUMNELD (ﬂqemwm 2543), 48.

*Eckert IagAe, Research and management techniques for the conservation of sea

turtles (Pennsylvania : Consolidated Graphic Communications, 1999), 235.
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Carapace Plastron

—_

Nares

Maxillary cusp

Dermochelys coreacea

A [ 9 o 9 9 1 A
NINN 4 UAANENHULNTZADIATUNA (carapace) UAZATUNOA (plastron) VoM INZINDILAL
[l o ) [l [ 1 [ A 9
AU IEAAIRWNUIVDI3IYN (nares) dnbmzasosthndiuatsfizwdl)uses
YIAEINVY (maxillary cusp) 15dm5uAAKToRR NS
[ J o a

i 'awdesd nagaae nsuthld, dnineysndninenssssuna, daugneuurImanig

NZia, MIATIVUMNSID (NFJUNNWC: 2543), 48.

*Eckert A, Research and management techniques for the conservation of sea turtles

(Pennsylvania : Consolidated Graphic Communications, 1999), 235.
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Chorion
Allantois

Amnion Yolk sac

Yolk
Embryo (nutrients)
Amniotic
cavity
with
amniotic
fluid

Shell

Y [ 1

A 9 1o o dy Y v 1 .
NN S lLﬁﬂ\‘]Iﬂi\iﬁ'ﬁT\TUl‘Uﬁ@]')m@ﬂﬂﬁ’luﬂigﬂﬂﬂﬂjﬂﬁjﬂﬂu (embryo) NYuAIoon (amnion)

a

o I . ' . & o
90aIaUNDEA (allantois) ary laitiad (yolk sac) 118 chorion Fuilugadunsuendd

00U (extraembryonic mernbranes)l,mmd\lh],"llll,mﬁ (yolk) Taja17 (albumin) waznlaen 'l
1< ' o Y
(shell) uJmmmwawmuazﬁmmmi!,mmaau

11 : Eckert iagnAae, Research and management techniques for the conservation of sea turtles

(Pennsylvania : Consolidated Graphic Communications, 1999), 235.

] ) [} v J g [ I [ . . .
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ng 9 A 1Y A 09// £ a . A 9
%1ﬂuu%$ﬁ31\1!ﬂaﬂﬂulﬂlﬁuﬂﬂ‘ﬁuﬁuﬂﬂinﬂ! anterior uterus (NINN 6) T$andseum 18-24
o . . ' a 1A A A [ A
RIS (Carpenter, 1999; Alkindi siagntue, 2006) LﬂWﬂﬁWﬂ‘b’uﬂﬂ@ﬂllsllﬂulﬂﬁE]ﬂll‘ll\illﬁ$£ﬂﬁ@ﬂ
= QsJ‘ (% qa}l = ra J . qa/’ ~ 1
hl“lJll’c;’f"f’]\‘]GI)'u“I’ifﬂﬂc] (Ewert, 1985) %uuaﬂmmgﬂaaﬂ"lmmmw calcium layer uawuclummﬂ

membrane layer
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Pl A A = e BT
anterior uterus

posterior uterus

opening to
cloaca

{ [ J ) [} . . . ;g 1 o [

NN 6 taasanyauznerin 14 (oviduct) ¥0393214 152nDUAIY infundibulum Fuiuneirly
1 < a { 1 . <3| a { ]

arudutuvsnanadialvud anterior uterus HuvuFnantimsasalaenlvuay

posterior uterus Aevioth luaiudare

9 A 1] Q' o a A . . d‘ d! a 7 d'
ﬂﬁﬁiNL‘]Jﬁi’]ﬂll“ll!,iumﬂﬂﬂﬂ%uﬂﬂiﬂ primary spherite (DI1WN 7) FINAN VLD
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519
? mwy | g )/ e | g )/ e | e +)/
in An | asaa() | #n ln | asaa () | #n An | asas ()

(%) | (%) (%) (%) | (%) (%) %) | (%) (%)

Msuou 31.18 | 40.55 +9.37 43.13 | 51.38 +8.25 58.62 | 47.36 -11.26
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o s3 LA 2 Y A aw 4
(P<0.05) waznu Taneniin 0.22-0.50 1Wlesisud AovauAen axnd TuauATNIaENB AL
1 1 1 = lqaxl Y a a o d‘ qu A 1
daungnueglunldenlisunen snduTuavaiuiwoluynduvesldenl wavinns
an A = 1 A ] Qall Qy ) S 3 4‘ U
nageunddamednyInNuuana1veaden lune 3 Fuvinlieuderdunszay
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M3197 8 uaassgeeslszneuilunlesidudlunlden lawiay

losiiudsalunldonla (meantsSD))
o Fuuen Funana Fulu 59
48.32+17.19a | 62.35+7.28b 57.44+8.05b 54.85+13.77
(0] 43.36£11.33b | 33.09+£8.21a 38.53+9.02b 39.33+10.47
Ca 5.724+9.67b 0.36+£0.97a 0.41+1.44a 2.54+6.70
S 1.65+1.83 331431 2.07+2.34 2.1642.73
F 0.60+0.75 0.41%* 0.26+0.07 0.49+0.62
Mo 0.55+0.46 0.17+0.13 0.24+0.22 0.34+0.09
Br 0.38+0.53 0.06** - 0.30+0.45
Al 0.37+0.49b 0.04+0.02a 0.05+0.05a 0.21+0.38
Na 0.2740.67 0.37+0.84 0.18+0.18 0.96+1.23
Cu 0.21+0.14 - - 0.21+0.14
Pb 0.20+0.09 - - 0.21+0.07
Cl 0.17+0.27a 0.42+0.67b 0.14+0.29a 0.21+0.39
Si 0.15+0.22 0.15+0.10 0.28+0.65 0.21+0.46
K 0.14+0.14 0.14+0.16 0.09+0.05 0.1240.12
Pd 0.14%* - - 0.14%*
P 0.13+0.11 0.06+0.09 0.26+0.29 0.17+0.22
Mg 0.10+£1.35b 0.05+0.03a 0.14+0.08b 0.10+0.10
I 0.05%* - 0.10%* 0.08+0.04
Cd 0.08%* 0.12%* 0.10+0.03

] 1 ' I < J 1 3 9 Y
*a, b !,!,‘]JQﬂ'@}lﬂ'J’lllLW’]ﬂ@]1\1GU’E]\1L’]J'E]iL“lfu@]ﬁ’lﬂcluu@]a3°Hu511ﬂu'ﬁ]8ulﬂlﬂﬂ1ﬂﬂclﬂf Kruskal-

Wallis’s test (P<0.05)
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13197 9 uarassigesdlsynewilunlesidudlunlden luwinse

wlosidudsialunldon’la (meantS.D.)

579 G].;;uuf)ﬂ G]?uﬂﬁN Gf;j‘lﬂu 37U
54.16+19.03 63.38+7.38 58.67+£9.59 57.76£14.00

o 37.50£15.45 31.93+£5.79 36.18+9.58 35.95+11.84

Ca 8.30+£19.68 0.32+0.58 0.51£1.14 3.72+13.07

Al 1.71£3.28b 0.03+£0.01a 0.06+0.05a 0.88+2.43

Br 1.69+2.77 0.03** - 1.424+2.56

S 1.57+1.26 2.13+0.88 2.31+2.05 1.98+1.60

F 0.56+0.34 - 0.08+0.08 0.32+0.34

Pb 0.55+0.62 - - 0.55+0.62

Na 0.52+0.86 1.23+1.48 1.23+1.33 0.96+1.23

Cl 0.32+0.61 0.77+0.79 1.14+1.51 0.72+1.11

Mo 0.31+0.26 0.30+0.26 0.56+0.45 0.39+0.34

Mg 0.19+0.16 0.27+0.29 0.04+0.48 0.30+0.35

P 0.12+0.08b 0.0440.01a 0.09+£0.17a 0.09+0.13

I 0.11+0.02 0.13+0.04 0.09+0.03 0.11+0.03

Si 0.08+0.05 0.06+0.03 0.19+0.42 0.12+0.27

Pd 0.08** - - 0.08%*

K 0.07+0.09 0.06+0.04 0.07+0.03 0.07+0.06

" ' sl o N ¥ v
*a, b LL‘UQﬂ’Qllﬂjml,mﬂGlN"U’eNLﬂ@iLclfuGlﬁ1@1ullﬁaz%u%muﬂﬂqﬂmﬂiﬂﬁlﬁl% Kruskal-

Wallis’s test (P<0.05)
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9152 (n=27)

Ph, (L55
pd, (.08

. @ 1 4 1 a g J <2 L lq’j
n517 6 naasdadrusigosfsznovuaazyiaiunlesisualunlaen lugunaisves

MNTE (n=27)

Ca, 0.32

Br, 0.03
Al,0.03
K 0.07

Mg, 0.27
SiA06
,3.13

T

o, 0.30

P, 0.04
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M13197 10 uaassgesndsznouiiulosiud lunlaen liwuziles

wosidualunldonly (meantS.D.)

579 G]%uuf)ﬂ Gf?l!ﬂﬁN ‘]?‘L!Glu 37U
47.19+22.54 47.29+14.15 | 50.32+15.33 48.46+18.05
o 37.18+£8.96 41.5249.25 43.80+13.74 40.70+11.34
Ca 14.44£15.13b 8.35+6.75ab | 3.09+5.24a 8.42+11.29
S 1.81£1.26 2.15+£1.70 1.95+1.48 1.93+1.42
Br 0.39+0.30 - - 0.39+0.30
Pd 0.31%* - - 0.31%*
K 0.30+0.28 0.07+0.05 0.07+0.06 0.12+0.16
Al 0.29+0.85 0.02+0.01 0.07+0.06 0.16+0.57
Pb 0.29+0.10 - - 0.29+0.10
Mo 0.25+0.23a 0.45+0.14b 0.57+0.29b 0.41+0.28
I 0.23+0.12 0.21+0.10 0.13+0.08 0.19+0.10
Cu 0.22+0.22 - - 0.22+0.22
Si 0.15+1.78 0.11+0.79 0.23+0.15 0.18+0.15
Cl 0.13+0.29 0.05+0.03 0.06+0.05 0.09+0.20
Na 0.12+0.09 0.1+0.05 0.13+0.10 0.12+0.08
F 0.12+0.07 0.23+0.13 0.34+0.25 0.25+0.19
P 0.09+0.10 0.03** 0.06+0.05 0.07+0.07
Mg 0.04+0.03 0.04+0.02 0.08+0.05 0.06+0.04
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] 1 1 4 < J <3 I J quJ Y
*a, b LL‘]J\‘]ﬂQllﬂ'J'llleﬂGnﬂell’fN‘ﬁ'lﬁ]’fNﬂﬂ§$ﬂfJ‘UL‘l]‘L!Ul]ﬂilcﬁuﬁﬂlulmag%uﬂ1ﬂu’ﬂElll‘]Jll'lﬂTﬂt’l

1% Kruskal-Wallis’s test (P<0.05)
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