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Abstract

Project Code : MRG5480260

Project Title : Genetic relatedness and behaviors of releasing Asian elephants (Elephas

maximus) in the elephant reintroduction project

Investigator : Chatchote Thitaram, Suthathip ejchaisri, Chaleamchat Somgird, Taweepoke

Angkawanish and Siriwadee Chomdet

E-mail Address : chatchote.thitaram@cmu.ac.th, cthitaram@gmail.com

Project Period : 2 years

Abstract:

Elephants in the reintroduction project were recruited from several parts of Thailand. Their behaviors, i.e.
social organization, differed individually. Previous reports illustrated that wild elephants with the matriarch in the
herd contained same matrilineal line and had close genetic relatedness. We, therefore, hypothesized that the
reintroduced elephants would set up the social structure based on maternal inherited DNA and genetic relatedness.
The objective of this study was to investigate the genetic relatedness and behavioral relationship of the elephants
in the reintroduction project. Blood samples were collected from 65 elephants before releasing to the Sublanka and
Doiphamuang wildlife sanctuary, and DNA was extracted for microsatellite 12 loci and mitochondrial DNA (D-loop
region) analysis. Information of social bonding behaviors was collected weekly for 12 months. The results showed
that the average pairwise relatedness of the elephants in the same group was 0.0885, while that of isolated
elephants was 0.0316. Several mitochondrial haplotypes were found in the same elephant group. Furthermore, the
observed heterozygosity in the Sublanka and Doiphamuang wildlife sanctuaries were 0.7385 (n = 29) and 0.8083
(n = 36) respectively, and 12 mitochondrial haplotypes were found in each location. In conclusion, social bonding
of the reintroduced elephants was not influenced by genetic relatedness and mitochondrial DNA haplotype, but was
impacted by the elephant calf, which was the center of gathering, while many elephants occasionally preferred
isolation. However, the management of reintroduction procedure by introducing the elephants, carrying closed
pairwise relatedness and same mitochondrial haplotype, would increase the chance of group forming which lead to

the establishment of natural-liked elephant herd.

Keywords :

Asian elephant, reintroduction, microsatellite, mitochondrial DNA, group forming behavior
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Namﬁmﬁ:w’mawyugnﬁw o 6UAUY D-loop U8 mitochondrial DNA

ﬁrmwamﬁLﬂiﬂ:ﬁﬂa;wﬂﬂaﬁuqﬂiiu (haplotype analysis) @ @NLL%%3 D-loop 284 mitochondrial DNA

2297 9UARLAY ENNTALEAILAAINANTI9N 4 WAZNNTHN phylogenetic tree AUATWA 1

M13197 4 LLamwamﬁmezﬁmaﬁuqﬂﬁu T @AY D-loop V84 mitochondrial DNA 284714

Thai mtDNA D-loop

mtDNA D-loop Haplotype

No. %Ia name Haplotype (refer to Fernando et al.,
2003)
1| WeRa# Pang Leelas EmTHa03 AC
2 WIWIUIID Pang Nongnart EmTHa10 AB
3 | Wehim Pang Tina EmTHa13 AH
4 Faaaula Seedor Sombat EmTHb13 BH
5 ﬁﬂalqlmu‘g Seedor Boonchoo EmTHb11 BB/BL
6 WInaaly Pang Thongbai EmTHa13 AH
7 ‘ﬁd‘].qltgﬁﬂﬁ% Pang Boonmeenan EmTHa10 AB
8 WIULHAT Pang Ngamnate Failed Failed
9 | AIIUANT Pang Jintara EmTHa10 AB
10 | Wegi9 Pang Sawang EmTHbO6 BN
11 WRIHFLUD Plai Sumate EmTHbO6 BN
12 WATUWAY Plai Palang EmTHbO8 BO
13| Wagikd Pang Sunee EmTHb14 BG
14 W&éjﬂm Pang Tukta EmTHbO6 BN
15 WINAN Pang Duangdao EmTHbO8 BO
16 | Watieln Pang Namfon EmTHa13 AH
17 warh loa Pang Namchoke EmTHa13 AH
18 wanaauiin Seedor Somnuek EmTHa13 AH
19 WANLNNT Plai Pat EmTHa13 AH
20 | WeuIN@ Pang Morakot EmTHa04 AD
21 WU Seedor Sukhum EmTHb10 BB/BL
22 WIRNE Pang Somsee EmTHa03 AC
23 wagula Pang Somjai Failed Failed
24 | Wetnes Pang Buatong EmTHa04 AD
25 | WL Pang Buangern1 EmTHbO4 TH-B
26 | We@anin Pang Dokrak EmTHa13 AH
27 | Wt Pang Buangern2 EmTHbO3 BP




28 §aan1DY Seedor Pathorn EmTHbO6 BN
29 | FeaFuing Seedor Somrak EmTHa10 AB
30 WAL Plai Tawan EmTHb13 BH
31 | &aeaqad Seedor Adul Failed Failed
32 wWagaau Plai Udom EmTHb14 BG
33 WITUAB N Pang Valentine Failed Failed
34 | §aaunne Seedor Maruay EmTHb13 BG
35 | withuna Pang Panwad Failed Failed
36 WIAUWY Pang Khampaeng Failed Failed
37 | FaesNTY Seedor Somchai EmTHbO1 BQ

WId Lo (WIneadn) Pang Lamyai
38 (Thongkham) EmTHb13 BH
39 WAHTUNS Plai Chumpol EmTHb13 BH
40 | WIR@ () Pang Huadee EmTHb11 BB/BL
41 WANDAIRIAT Plai Seesakorn EmTHbO1 BQ
42 WINITON Pang Pornchita EmTHb13 BH
43 WﬁLL&iqtyLLﬁ’s Pang MaeBoonkaew EmTHb14 BG

e e Pang

WILNATNR
44 “ MaeKhammoon EmTHa05 New TH-A
45 | wanadan Plai Sila EmTHb13 BH
46 ‘ﬁﬂmyj Pang Yai EmTHbO4 New TH-B
47 wlausdl (1Lad) Pang Doremee EmTHbO6 BN
48 NILA O (uad) Pang Duen EmTHa13 AH
49 | Wesnia(ud) Pang Lampang EmTHbO8 BO
50 | W4 Pang Du EmTHa11 New A6
51 WaERAa (§n) Plai Chalard EmTHb11 BB/BL
52 | Heagriail Seedor Sutas EmTHbO8 BO
53 ﬁdﬁnErﬁ Pang Jarunee EmTHb11 BB/BL

wanslaTiauan

Seedor Doraemon

54 | (an) EmTHb06 BN
55 WA (gﬂﬂ) Pang Dao EmTHa13 AH
56 | WIanayoh () Pang Look Jarunee EmTHb11 BB/BL
57 wilianuas Pang Nidnoi EmTHbO1 BQ
58 Wﬂﬁﬂmﬁﬂ Pang Nongple EmTHb13 BH
59 | WIeM Pang Dara Failed Failed

10




NiguIas (fow Pang Somijit
60 LLﬂaJ) (Pompam) EmTHbO06 BN
61 wavkadlnd Pang Nongmai EmTHbO6 BN
62 | WIUIN Pang Narak EmTHa04 AD
63 | W9NEW Pang Wassana EmTHb10 BW
64 | Wemanu Pang Dokkhao
(Uvznda) (Prayad) EmTHb10 BW
65 o “ . . Pang Boonmee
IR (Rovis) (May) EmTHbO6 BN

Nl 1 Neighbor-joining phylogenetic tree based on 600 bp uwaasANUFNNUTVaIT9lULARzNYNRUTNTIY

snoud (mtDNA haplotype) lawld program MEGADS. Bootstrap values are indicated at nodes.

El— EmTHbBOR
24 EmTHEOS

23] EmTHb04
rg | —— EmTHRE10
EmTHE11
[ &3 EmTHb13

76 EmTHR14

EmTHBEO3
L EmTHBO1
EmTHa13
& r EmTHal3

EmTHal5
EmTHa04
EmTHa10
EL—— EmTHa11

32

0.005
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Namﬁmﬁ:wfmm”ugnim microsatellite 12 61UBHJ

"ﬂ']ﬂﬂ']ie.)l,ﬂi’lzﬁﬂ’]dﬁ%‘gﬂiiw microsatellite 12 §unid laNaAINANT9N 5

A13199 5 LL&@GNﬂﬂ’]iimi’]ﬁgﬂﬂx‘iﬁuﬁqﬂiiw microsatellite 12 @AY

No. | Name FH60 FH94 LA2 LafMS03 | LafMS05 | LafMS06 | LafMS08 | EMU04 EMUO07 EMU14 EMU15 EMU17
1 Pang Leelas 0507 0808 0404 0203 0507 0811 0505 0306 0512 0205 0809 0610
2 Pang Nongnart 0506 0608 0303 0103 0406 0809 0707 0306 0912 0506 0709 0708
3 Pang Tina 0608 0910 0303 0304 0507 0808 0809 0407 1112 0406 0606 0507
4 Seedor Sombat 0606 0809 0404 0404 0406 0911 0405 0305 1111 0203 0606 0205

Seedor
5 Boonchoo 0507 0809 0204 0204 0707 0808 0710 0407 0812 0505 0808 0610
6 Pang Thongbai 0506 0811 0303 0304 0808 0408 0505 0104 111 0203 0708 0205
Pang
7 Boonmeenan 0507 0710 0203 0505 0406 0607 0505 0104 0911 0607 0408 0406
8 Pang Ngamnate 0607 0709 0103 0404 0506 0408 0405 0202 1012 0608 0608 0405
9 Pang Jintara 0508 0810 0303 0203 0707 1314 0406 0303 0709 0508 0406 0308

10 Pang Sawang 0709 0707 0507 0404 0404 0404 0508 0405 0911 0506 0708 0607
11 Plai Sumate 0608 0608 0509 0304 0304 0304 0607 0507 1013 0607 0708 0507
12 Plai Palang 0505 0810 0708 0303 0406 0709 0708 0404 0912 0507 0405 0105
13 Pang Sunee 0607 0408 0607 0304 0203 0912 0607 0304 0808 0505 0507 0610
14 Pang Tukta 0909 0809 0407 0404 0304 1315 0508 0304 1212 0110 0808 0610
15 Pang Duangdao 0709 0910 0304 0405 0304 0811 0909 0405 0911 0507 0608 0202
16 Pang Namfon 0607 0809 0507 0505 0304 0808 0507 0507 0909 0608 0708 0412
17 Pang Namchoke 0707 0506 0203 0305 0304 1516 0506 0506 111 0606 0708 0405
18 Pang Somnuek 0507 0508 0304 0405 0607 0213 0709 0306 0512 0506 0506 0105
19 Plai Pat 0506 0506 0509 0505 0406 1314 0608 0909 0912 0506 0306 0610
20 Pang Morakot 0608 0809 0810 0304 0506 0308 0405 0707 1112 0405 0708 0610
21 Plai Sukhum 0606 0708 0203 0405 0608 0809 0506 0304 0911 0508 0808 0205
22 Pang Somsee 0507 0508 0305 0505 0808 1213 0204 0304 1013 0607 0808 0204
23 Pang Somjai 0408 0607 0407 0204 0607 1112 0511 0405 0912 0606 0711 0508
24 Pang Buatong 0305 0708 0404 0405 0606 0811 0505 0405 1116 0506 0808 0606
25 Pang Buangern1 0607 0508 0404 0404 0506 0107 0511 0104 0912 0708 0808 0204
26 Pang Dokrak 0105 0811 0404 0609 0909 0613 0405 0612 0406 0606 0506 0105
27 Pang Buangern2 0607 0508 0404 0508 0506 0809 0511 0104 0912 0809 0909 0204
28 Seedor Pathorn 0203 0405 0304 0405 0102 1112 0405 0709 0104 0607 0105 0610
29 Seedor Somrak 0506 0508 0404 0404 0707 0411 0106 0909 0912 0506 0811 0406
30 Plai Tawan 0606 0509 0204 0505 0707 0607 0405 0406 0104 0103 0708 0912
31 Plai Adul 0507 0508 0102 0304 0506 0607 0405 0304 0305 0405 0000 0709
32 Seedor Udom 0506 0506 0102 0405 0406 0406 0307 0203 0304 0304 0000 1011
33 Pang Valentine 0607 0507 0103 0407 0405 0607 0406 0407 0607 0104 0911 1112
34 Seedor Maruay 0708 0507 0204 0000 0708 0608 0405 0306 0405 0000 0000 0809
35 Pang Panwad 0607 0508 0304 0000 0406 0406 0405 0307 0506 0000 0000 0909

Pang

36 Khampaeng 0608 0809 0304 0404 0708 0000 0000 0507 0000 0000 0306 0607

37 Plai Somchai 0608 0808 0202 0405 0608 1112 0405 0505 0406 0405 0509 0306
Pang Lamyai

38 (Thongkham) 0606 0508 0404 0304 0606 0607 1112 0607 0506 0508 0404 0304
39 Plai Chumpol 0607 0711 0104 0406 0505 0808 0511 0104 1011 0506 0309 0509
40 Pang Huadee 0606 0708 0104 0505 0606 0708 0511 0404 0909 0505 0909 0406
41 Plai Seesakorn 0708 0808 0406 0405 0607 0708 0404 0307 0914 0405 1010 0312
42 Pang Pornchita 0508 0707 0404 0407 0608 0711 0512 0606 0406 0405 1111 0410
43 Pang 0505 0505 0104 0405 0206 0707 0712 0506 0909 0406 0708 0406
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MaeBoonkaew

Pang Mae
44 Khammoon 0506 0507 0404 0305 0606 0711 0507 0406 0915 0407 0708 0303
45 Plai Sila 0608 0910 0104 0405 0608 0708 0511 0512 1212 0607 0808 0306
46 Pang Yai 0506 0911 0104 0505 0306 0709 1111 0606 1111 0707 0808 0105
47 Pang Doremee 0506 0507 0404 0306 0606 0708 0507 0306 0506 0809 0406 0304
48 Pang Duen 0305 0509 0104 0405 0206 0811 0511 0606 0909 0506 0811 0505
49 Pang Lampang 0508 0511 0104 0505 0606 0711 0505 0909 0812 0607 0809 0306
50 Pang Du 0608 0505 0104 0405 0606 0608 0505 0104 0204 0405 0608 0612
51 Plai Chalard 0506 0508 0404 0505 0306 0611 0505 0808 0305 0104 0105 0912
52 Seedor Sutas 0305 1011 0204 0505 0406 0809 0505 0407 0809 0507 0911 0607
53 Pang Jarunee 0507 0508 0204 0407 0809 0911 0304 0306 0404 0104 0708 1212
Seedor
54 Doraemon 0506 0507 0104 0406 0206 0809 0505 0306 0305 0105 0408 0304
55 Pang Dao 0505 0507 0104 0405 0202 0811 0405 0606 0909 0203 0408 0505
Pang Look
56 Jarunee 0708 0808 0404 0407 0708 0411 0506 0309 0406 0405 0808 0512
57 Pang Nidnoi 0606 0102 0304 0405 0507 1113 0506 0306 0404 0606 0909 1012
58 Pang Nongple 0305 0507 0404 0304 0404 0613 0505 1010 0404 0506 0202 0709
59 Pang Dara 0405 0309 0203 0405 0304 0213 0405 0405 0405 0406 0708 0406
Pang Somijit
60 (Pompam) 0606 0608 0304 0505 0708 0510 0405 0407 0104 0406 0509 0911
61 Pang Nongmai 0508 0708 0404 0405 1010 1112 0505 0406 0406 0607 0506 1212
62 Pang Narak 0708 0811 0404 0203 0607 0411 0405 0909 0507 0204 0708 0610
63 Pang Wassana 0608 0809 0104 0506 0505 0309 0204 0204 0405 0304 0708 0910
Pang Dokkhao
64 (Prayad) 0606 0708 0404 0506 0506 0207 0407 0405 0405 0405 0708 1010
Pang Boonmee
65 (May) 0507 0508 0203 0708 0306 0407 0506 1011 0606 0304 0809 1212

WNANTTAI? mtm:ﬁzﬂﬁ:ﬁ@mmmaﬁugmm (genetics value)

1) Tlwaainsnuida Ithduain Smiaany3

v o o go & A (% o o
2) mﬂummnmwuqamﬂmasmmad Wniaa1U19

WANNRANINIRUINTINGS Uae Iamaﬁanﬁ@mamﬁa@%m‘iﬂuﬂ@;uﬂi:mﬂiﬁdaadﬁ (179N 6)

- @hmm%mﬂ%mﬂmaﬁuqﬂsiw (heterozygozity) = 0.7385

- 47%2% mitochondrial DNA 12 haplotype fia EmTHa04, EmTHa05, EmTHa11, EmTHa13, EmTHbO1,
EmTHb04, EmTHb06, EmTHb08, EmTHb10, EmTHb11, EmTHb13 llaz EmTHb14

- @hmwwmﬂwmumqﬁugﬂﬁw (heterozygozity) = 0.8083

- 371U mitochondrial DNA 12 haplotype Ao EmTHa03, EmTHa04, EmTHa10, EmTHa13, EmTHbO03,
EmTHb04, EmTHb06, EmTHb08, EmTHb10, EmTHb11, EmTHb13 L8z EmTHb14

lil 1 dv <) g [ dvl ¥ d‘ 1 = ' al e et 6 & g; oA
I@]Uﬂﬂ’]ﬂ’]’]&l‘ﬂa’]ﬂ%aﬁU%Lﬂu@]’)ﬂd‘ﬁ’l’]‘ﬁﬂdﬂﬂaaUﬂugﬁi?&l‘]ﬁ’]GﬂuLT@]iﬂ‘]ﬂ"l‘W%ﬁ;ﬁ@l’Jﬂﬂﬂd 2 IAINANY
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@1’13’1\‘1“71' 6 Summary statistics of genetic variation: observed and expected heterozygosities (H, and H,)

Locus Dye label  Size range (alleles) Sublanka Doi Phamuang
H, H, H, H,

FH60 NED 142-160 (9) 0.759 0.754 0.833 0.792
FH94 PET 196-230 (11) 0.793 0.818 0.944 0.814
LA2 VIC 223-241 (10) 0.621 0.573 0.694 0.801
LafMS03 6-FAM 134-152 (9) 0.793 0.721 0.618 0.723
LafMS05" NED 146-166 (10) 0.621 0.780 0.750 0.844
LafMS06 PET 130-162 (14) 0.931 0.865 0.886 0.896
LafMS08 6-FAM 170-192 (12) 0.689 0.707 0.829 0.814
EMU04” 6-FAM 91-119 (12) 0.655 0.863 0.833 0.850
EMUO7" VIC 91-125 (16) 0.655 0.865 0.829 0.873
EMU14 6-FAM 130-148 (10) 0.897 0.831 0.849 0.830
EMU15" VIC 136-156 (11) 0.690 0.840 0.719 0.800
EMU17 NED 116-138 (12) 0.759 0.882 0.917 0.900
Average (all) (11.33) 0.739 0.792 0.808 0.828

®The locus was not in Hardy-Weinberg equilibrium (P<0.05)

Namﬁzﬂfmszw’ﬂvwzﬁ/W”%fﬂﬁﬁ'ﬂ;gﬂﬁ&/?f@d%dtt@7’&:@7’3
ﬁrmmﬁmﬁ:ﬁm'}ué’wﬁuﬁmaﬁuqnﬁmaaﬂ?’mLL@'a:ﬁ’ﬂum%’nmﬁuﬁ&mfﬂwﬁué’am LAY LA

> > 6 61 = v 9 Qs d' ::3/9/

nsiugaaitheaunlas a8lUIunIN ML-relate 1013DLEAIMEAIMUANTIIN 7 WAz 8 uananidoya

ﬁdﬂmaﬁdmminwmﬂmimwLi‘JuWa-LLai-gﬂﬂnaa"ﬁwﬁﬂa'aﬂﬁugfﬁﬁumaLLa:"L@T‘S’umiwauﬂ'mf AN DI LA

ARaagn “uAa Weangdl uaz gnitlarifiaanglaniladanumen 2555 lasndslinnuiwedatsdile wa

mimmﬁLﬁummmmmazmma:ﬁamaa;ﬂﬂﬁam?ﬂ wm"]Lﬂugﬂmaa%@aau%’nﬁﬁi:ﬁummﬁaﬁu 95.5% @138

7% exclusion probability

WAL ARRFUNUEANUNLITaINGLA3anN® (Coefficient of relatedness, r) TUaNAMNENWUST
NMILAIDYNALITANUTNITNYEIT 2 LTan
v = v A a 5 . 6 1 A 1
ah r=05 wnes 139 2 15en IANUFNRRTLUL Wa-3n WIe wi-an
2 o A A v o ¢ A o ' A o A ' '
r=0.25 KUN809 B9 2 1T AANMUFNABTULD WN-1h84 (21aNauaLA8INY% NI ALAzWaLY)
w30 Lamens-nam
r=0.125 nansdy 419 2 1Fen danuduiusuuy gnianias wia ani-wanu

=3 v S 1 o e 6 ) a
r=0 RUILDY DN 2 L"HE]ﬂvl.&INﬂ’NNﬁ&lW%ﬁ“ﬂ’NLﬂiamﬂ’W]
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A1519N 7 LLammwé’wﬁuﬁmaﬁu‘gmmm a\‘lﬂ?ﬂaLL@ia:é’ﬂum@%’nmﬁ'uﬁé’mfﬂﬁsﬁ'ué’{lm

1S
g c c °
< 2 o] ]
2 e g c 3 g = z
T e = 2 c £ a =
S E|l 5| ¢ 5| 2| %] & 3 2 s | § 2| o 5 | s o | % | 3
El s | 38| 8| | %8| 8| ¢ E| | 8| = | & & ¢ S| s | 5| x| 8| 2| E
¢ | E| 5| 5| 2| 5| & | 8 s | 5| S| §| | e| 2| e| 8| 38| 5| 5| 5| 5| 5| & 3| 8
5 3 2 T & g = = ) S a a 3 & 5 s 5 a 3 Z fat A z 2z = a @
° [=)) (&) [} %) [=) [=)) [=)) 1) (=)} [=) [=)) [=)] O o (o)) o [=)] [=)) [=)) [} [} [=)] [=)) =) [=)) [}
Q c 1 c = =4 = c = f= = = = = Q f= Q = c c f = f = = c = c f =
o) © i) © < ®© ®© ®© © © © ®© ®© o o) © Q © © © © © © ®© © © ©
%) a o o o o a a o o a o o o 1) o 1) a a a o o a o a o o
SeedorSomchai 1
PangLamyaiThongkham 0 1
PlaiChumpol 0 0 1
PangHuadee 0.04 0.09 0.18 1
PlaiSeesakorn 0.13 0 0 0 1
PangPornchita 0.18 0.16 0 0 0 1
PangMaeBoonkaew 0 0.08 0 0.19 0 0.12 1
PangMaeKhammoon 0 0.1 0 0.1 0 0.01 0.35 1
PlaiSila 0.25 0 0.01 0.14 0.04 0 0.05 0 1
PangYai 0 0 0.1 0 0 0 0 0.04 0.2 1
PangDoremee 0 0.48 0 0.06 0 0.08 0.09 0.36 0 0 1
PangDuen 0 0 0.14 0.16 0 0.08 0.28 0 0.1 0.22 0 1
PangLampang 0.04 0 0 0.08 0 0.07 0.12 0.19 0.35 0.12 0 0 1
PlaiChalard 0 0.02 0 0 0 0 0 0 0 0.13 0 0 0 1
SeedorSutas 0 0 0 0.27 0 0 0 0 0.06 0.04 0 0.13 0.27 0 1
PangJarunee 0.1 0 0 0 0.08 0.06 0 0 0 0 0.02 0 0 0.11 0 1
SeedorDoraemon 0 0.22 0.07 0.02 0 0 0.06 0.04 0 0 0.48 0.13 0 0.15 0.09 0.06 1
PangDao 0 0 0 0.08 0 0 0.29 0 0 0.05 0 0.55 0 0 0 0 0.27 1
PangLookJarunee 0.18 0 0 0 0.21 0.24 0 0 0 0 0 0 0 0 0 0.4 0 0 1
PangNongple 0 0.06 0 0 0 0 0 0.02 0 0 0.02 0.11 0 0.02 0.14 0.02 0.03 0 0 1
PangDara 0.1 0 0 0.05 0 0 0.26 0 0 0 0 0 0 0 0 0 0 0 0 0.08 1
PangSomijitPompam 0.1 0 0 0.03 0.04 0 0 0 0 0 0 0 0 0.07 0.1 0 0 0 0.07 0 0.04 1
PangNongmai 0.18 0 0 0 0 0.13 0 0 0.07 0 0.04 0 0.16 0.07 0 0.05 0 0 0.07 0 0 0 1
PangNarak 0 0 0 0 0.12 0 0 0.03 0 0 0 0 0.13 0 0 0 0 0 0.29 0 0.06 0 0 1
PangWassana 0 0 0.1 0 0 0 0.05 0 0.02 0 0 0 0 0 0 0 0 0 0 0 0.1 0 0 0.03 1
PangDokkhaoPrayad 0.05 0 0.04 0.1 0 0.04 0.06 0.21 0 0 0.11 0 0 0 0 0 0 0 0 0 0.22 0 0 0.08 0.43 1
PangBoonmeeMay 0.03 0 0 0 0 0 0 0 0 0.03 0 0 0 0.09 0 0.19 0 0 0.29 0 0.07 0 0.05 0 0.06 0 1
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f1319N 8 LLammwé’wﬁuﬁmaﬁugmiwEm?waLL@ia:é’ﬂmw%’nmﬁ'uﬁé’mfﬂwaﬂml,ﬁaa

- o ] £ p= c x o >
3 =) S c 2 5 > 5 5] © < © o
25| 83| %3 |&|%|%|% |58 |8 2|38 |3 |28 |8 |8 |3|2[%8|%]|¢%
PanglLeelas 1
PangTina 0.04 1
SeedorSombat 0.07 | 0.06 1
PangJintara 0.07 0.1 0 1
PangSawang 0 0 0 0 1
PlaiSumate 0| 0.19 0 0 0.2 1
PlaiPalang 0 | 0.05 0 | 0.09 0 0 1
PangSunee 0.04 0 0 0 0 0.1 0.17 1
PangTukta 0.04 0 | 0.04 0| 0.19 | 0.04 0 0.1 1
PangDuangdao 0.05 0.2 | 0.25 0 | 022 | 0.04 | 0.02 0 | 0.09 1
PangNamfon 0 | 0.05 0 0| 018 | 0.21 0 0| 0.11 | 0.16 1
SeedorSomnuek 0.21 | 0.09 0 | 0.08 0 0 | 0.11 0 0 | 0.02 0 1
PlaiPat 0.04 0 0 | 008 | 0.03 | 008 | 0.09 | 0.04 | 0.04 0 | 0.02 | 0.02 1
PangMorakot 0.11 | 0.28 | 0.07 0 0| 019 | 0.02 | 0.08 | 0.11 0 | 0.08 0 | 0.04 1
SeedorSukhum 0 0 | 021 | 0.04 | 0.05 0 0 0 | 0.06 | 0.12 0.1 0 0 0 1
PangBuangern1 0 0 | 0.02 0 0 0 | 0.01 0 | 0.02 | 0.09 | 0.07 0 | 0.01 | 003 | 0.21 1
PangDokrak 0 0 | 0.05 0 0 0 | 0.07 0 0 0 0| 0.21 0 0 0 0 1
SeedorPathorn 0.04 0 0 0 0 | 0.04 0| 0.14 | 0.04 0 0 0 | 0.04 0.1 0 0 0 1
SeedorSomrak 0.15 0 | 0.02 | 0.05 | 0.01 0 | 0.01 0 0 0 0 | 0.03 | 0.28 0 0| 023 0 | 0.05 1
PlaiTawan 0 0 | 0.05 | 0.05 0 0 0 0 0 0 0.1 0 | 0.02 | 0.07 0 0 0| 0.12 | 0.05 1
SeedorAdul 0.14 0 0 0 0 0 | 0.07 | 0.05 0 0 0 | 0.08 0| 0.29 0 0.1 0 0 0| 0.12 1
PlaiUdom 0 0 0 0 0 0 0 0 0 0 0 0| 0.21 0 0 0 0 0 0| 013 | 0.25 1
PangValentine 0 | 0.01 0 | 0.03 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1 | 023 | 0.14 1
SeedorMaruay 0.23 0 0| 0.13 0 0 0 0 0 0 0 | 0.07 0 0| 0.15 0 | 0.05 0 0 0.4 | 0.36 0 | 0.07 1
PangPanwad 0.03 0| 0.12 0 0 0 | 0.01 0 0 0 0 | 0.09 | 0.01 0 0 | 0.08 | 0.04 | 0.11 0 0.1 | 036 | 017 | 0.34 | 0.33 1
PangDu 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1 0 | 0.11 0 0 0| 024 | 016 | 0.19 | 0.08 | 0.14 0 1
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HANTIATIEHA NN AUSNINUIN TIUURE N AN TIN
v Aa o @ A v o & A % A a L. A
FniimTunguiuasiifanaunniaNunITaINIAIanNa (Coefficient of relatedness, r) Lade
21 0.075 + 0.14 luraAtwiuondeglaadmazlidanduiuianunoidasmaaiagdaiuagi 0.038
£ 0.05 lafIANBUNFUVNINUENTINEBUN (mitochondrial DNA haplotype) laildRanudunuinisnugnasw

ﬁ‘uma‘%’unq’m nanfe luLL@ia:mjwaa%wﬁmﬂwmﬂ%mwaaﬂsjumaﬁuqmﬁmmmujﬁhmumn

10. asduauazaflssua

miﬁﬂmﬂ%v'af':l,ﬂumi@mﬂué’uﬁuﬁmdﬁugﬂﬁwLLa:wqaﬂﬁmaaf’ﬁNﬁﬂdaUﬁu;jﬁﬁu"ma Taguiuil
mﬁma;maﬁnﬁgﬂﬂﬁamﬂuﬁm: ez LNAMIRINNIIUNGUIILAIDS %aﬂm:;ﬁﬁ'ﬂﬁawagmhﬂﬁ'ﬂ
maﬁuqﬂﬁummﬂud’m%ﬁﬂumﬂﬁaﬂnﬁju Fawamsrnsfmansovenldszaunitilaofienansunniana
Lﬁmﬁaamuﬂ%amw?\ (coefficient of relatedness, r) °uaa"ﬁnﬁﬁ'unﬁjuﬁuazﬁmgon’h"ﬁwﬁLLs_m@“ha%ﬂ:@mﬁ'm
LL@iLﬁaﬁwamﬁmsﬁzﬁmLﬁﬂuﬁuﬁwaﬂwﬁaglﬂmamﬁmﬁ'w‘éaﬁ@hawé’uﬁufmmLﬁ'mﬁaamam%atgwaLa,'é"s
agj‘ﬁ' 0.37 + 0.159 ludaaise lasld microsatellite 6 duwia (Vidya and Sukumar, 2005) uaz 0.42 ludne
213N microsatellite 11 GWRd (Archie at al., 2006) NazWLINEBENINNIN fansuRnEaNuAgITaMs
L@ﬁatmaﬁvl,ﬁﬁnﬂ%waﬁmunq’mﬁ‘uwuiﬁﬁmwmmn@mﬂ'awﬁwﬁamﬁ’uﬁwﬁ"lﬁmn%nmﬂ%mﬁgnmLLa:m
5auﬂ§§uﬁ‘uLaa%é’w1nﬁLLﬂLLUSﬂﬁ%@;‘ij’ﬁﬂ;JameﬁUgnéhLLa:a@]ﬁaUadﬁﬂﬁ“ﬁwmeﬁﬂﬁmqﬁawﬁ@mjw
ﬁ'umﬂmwudﬂﬁma%iﬁ 0.13 + 0.01 (Gobush et al., 2009) FUANHULNFUNINUTNTIVENBUA (mitochondrial
DNA haplotype) lai ldfianuduiusynanugnssuiunssungs WaRsuiunsnunewniilludroe @it
Tulvasezfivugnssumsuiaglungubendsiniu (Femando and Lande, 2000; Vidya and Sukumar, 2005;
Vidya et al., 2007; Ahlering et al., 2011)

é’ﬂumzﬂﬁ%'unﬁju“uaa‘*ﬁna‘?‘ivlaivlﬁﬁmmé’uﬁ'ufmaﬁuqnsswmuu&i WAz AMNFNWUTNILATODNG
°uaanwﬁnmlum%ﬁmﬁauﬁ'us’lmmmaa%ﬂamW’%mlqummMamﬁﬁgﬁ dsenaunuaiiis lasianizdns
L‘Wﬂl,ﬁtla’lElqﬁJ’]ﬂ%%aLLﬁJ'LLﬂiﬂ%\‘lLﬂuﬁhadLLa:ﬁ\‘I’lEI’]’J ﬁgﬂd'ﬁmﬁﬂﬁ%awao%’mﬂ'lmemﬂLWﬁ:VliiﬁQﬁ,’];&maz
fiannszaanszanuvadgnlaal uaz LﬁaLﬁaﬁmﬁunsjaJﬁ'u'énﬂ%y'wzvla\iﬁfmw&uﬁuﬁ’maﬁugnﬁuﬁ’amamzJ
LULAZAUFUARINILA3aNA (Gobush et al., 2009) ﬁiﬁmmé’nwm:ﬂﬁwﬁuﬁ%ﬂqummMa‘m?}ﬂﬁuaa
Tuus Uszinagnuen ﬁ%ﬁ{lﬁlm’%’umjuﬁ'u‘lmimmnﬁ'ugmmmULL&iﬂua:mﬂﬁu (Nyakaana et al., 2001)
ﬁdLLﬁdﬂluﬁﬂaSﬂﬁuﬁﬂﬁﬂuqﬂmmmdmauaﬂu‘mﬁ ﬂizmﬂmumﬁhiLﬁ@ﬂtym%wagﬂa'ﬁ 199203
iwmjuﬁ'ﬂ@zJLﬁaﬂmwﬁuﬁuﬁ‘mdﬁuqmmﬁv'omamULLaiLfluﬂé'ﬂ (Archie at al., 2006) @slunsdizastrsln
losmsfudgrrumaisnesuzasotisawinlunguusnunni Lf‘iaamﬂgﬂLmﬂmﬂmmu'gmgﬂ@sJ
sysdidunanu uazldfisninanwginsuuszmufennguanndiswivn uaﬂmﬂf:é'ﬂumzmﬁumju
mad%’mﬁgnﬂ&iasﬁug’mmm@lumaném:Lﬂmmwm:u6] nafe msﬁmw'ﬁm'mﬂéjwﬁ'mﬂuﬂ%gamnLLa:
mmmLLﬂﬂﬁ%aVLﬂsauﬁunﬁjuﬁuvL@T %aaaﬂﬂﬁadﬁ'ﬂﬂm'lwuaaTmaafwaawW%nﬂﬁgﬂaﬂ (Gobush et al., 2009)

é‘nﬁm:mﬁumjuluﬁm%ﬁ@ﬁu i Usnlawnane (striped dolphin; Stenella coeruleoalba) Tin33u
nRuARIUITINTAEaNue NIRRT e Agsnmelunguidsaiuinnninzniengy  (Gaspari et
al., 2007) I@mmﬁ'uﬁ'umﬁumjumaaﬂaﬂamﬁﬁum (common dolphin; Delphinus delphis) fiazlifiaws
Wufﬁ”’amaﬁugﬂﬁumﬂLLajLLa:ﬁugﬂﬁumaLﬂ%myﬂa lapazdUNFUANANBUVOI 0 LNA UAT NTATTY
Wuannin (Viricel et al., 2008) Feramasviadiansin ﬁv'af‘:ma]"fuag’ﬁ'wﬁﬂ gmwiud uaz Fonedaw Tag
He9win ﬂaﬂammmm%’umjuLLazfﬁTjwéfﬂ@Lﬂmyﬁ(?]ﬁ'uvlﬁmﬂmimLﬁmﬁﬁmmﬁgwaﬂvlﬂ (Moller,
2012)
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1u1ﬂidﬂ’ﬁﬁwﬁ"]\‘lgj‘ﬁﬁwma ﬁ%ﬂd?ﬁﬁmuwﬁdﬁLmnagmﬁ'ﬂi@mﬁm Imlvl,ajl,ﬁﬁwﬁ'u;ﬂaﬁu%uﬁa@
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m%l’%mﬁﬂsmmﬁmlmga:ag’@“fuﬁm lasaradnsanluaitnaluassnTd (Gobush and Wasser, 2009)
o a A ) A & A ) o & . A A A a & a ¥
aﬂwmzwqmﬂsswmmﬂwﬂﬂ@mmumuaunuluamnqﬂmm@muwm Ao Aainyminana (gray mouse
lemur: Microcebus murinus) ﬁé”sLﬁyﬁLwﬂuamﬁﬂ'svl,ajvl,ﬂi'mﬁ'umjuﬁuﬁﬂﬁmzﬁmmé’wﬁ'ﬁmaﬁuﬁqmm

A a o ' A o o . v a A > a [

LUULATOQNAGINIMINATINGINY (Radespiel et al, 2001) uaz @ulsfinundunuazlienuauwusms
WHINITUE WK (Wimmer et al., 2002)

asm"l,iﬁmumiiwmg'waa‘*ﬁﬂﬂuﬁim"mﬁa:ﬁmmLLaJssTumaJamW%aLnﬂﬁam Iﬂmzswmjwﬁu
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4 I = a U 1 U J
(Gobush et al., 2009) 675\1Lﬂumsﬂiuamwwqmmimaamﬂ@mmss’mmgmz"l,@ﬂiﬂmﬁmnmu‘tumsm
o agwlsfienanmunguinadselomiilasugegalutne fo mItioiwdoignie (Ferando and
& a 1 a K% & 6 s ' % d'd 1 a o 1
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Genetic relatedness and behaviors of releasing Asian elephants (Elephas maximus) in

the elephant reintroduction project

Abstract

Elephants in the reintroduction project were recruited from severa parts of Thailand,
and their behaviors, i.e. social organization, differed individualy. Previous reports illustrated
that wild elephants with the matriarch in the herd contained the same matrilineal line and had
close genetic relatedness. We, therefore, hypothesized that the reintroduced elephants would
set up the socia structure based on materna inherited DNA and genetic relatedness. The
objective of this study was to investigate the genetic relatedness and behavioral relationship
of the elephants in the reintroduction project. Blood samples were collected from 65
elephants before releasing them to the Sublanka and Doiphamuang Wildlife Sanctuary, and
DNA was extracted for microsatellite and mitochondrial DNA analysis. Information of social
bonding behaviors was collected weekly and data analyzed for 12 months. The results
showed the average pairing relatedness of the elephants in the same group was 0.075, while
that of isolated elephants was 0.038. Several mitochondrial haplotypes were found in the
same elephant group. Furthermore, the observed heterozygosity in the Sublanka and
Doiphamuang wildlife sanctuaries were 0.7385 (n = 29) and 0.8083 (n = 36) respectively, and
12 mitochondrial haplotypes were found in each location. In conclusion, it appears that social
bonding of the reintroduced elephants was not influenced by genetic relatedness and
mitochondrial DNA haplotype, but was impacted more by the elephant calf, which was at the
center of gatherings. Additionally, many elephants occasionally preferred isolation. However,
the management of reintroduction procedure should be performed by introducing the

elephants, which carry closed pairwise relatedness and same mitochondrial haplotype, as this
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would increase the chance of group formation and lead to the establishment of naturally-
linked elephant herds.

Keywords

Asian elephant, reintroduction, microsatellite, mitochondrial DNA, group forming behavior

Introduction

Asian elephant are currently threatened, which results in rapid populations declining
by habitat destruction, poaching for ivory, human-elephant conflicts (Sukumar, 2006) and
capture of wild baby elephants to be trained for tourism or export (Shepherd, 2002). In
addition, the isolation of small populations in habitat fragments in South and South-East Asia
(Leimgruber et al., 2003) may very well lead to inbreeding and loss of genetic diversity
(Amos and Harwood, 1998).

Reintroduction is the process to re-establish the keystone species in order to maintain
and restore natural biodiversity, elephants who play an important role in shaping ecology,
were reintroduced to the wild in many parts of the world, mainly with African elephants
(McKnight, 1995). In Asian species, only reports with orphaned wild elephants, raised in
captivity for a period time, were released to the wild in Sri Lanka (Miththapala, 2009). Since
1957, the population of both wild and domestic elephants in Thailand has dramatically
declined from 100,000 to 5,000. This has caused an increased attention of public and private
organizations. One of the alternative ways to preserve and increase the elephant populations
is to reintroduce the domestic elephants to their natural habitat. The unique project was
officidly initiated in January 1997 when the HRH Queen Sirikit of Thailand released three
female elephants to the wild. Until now, 124 elephants have been released in the Doi
Phamuang wildlife sanctuary (Lampang, northern Thailand), Sublanka wildlife sanctuary

(Lopburi, central Thialnd), Phuphan national park (north east Thailand).
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Microsatellites have been widely used for population-genetic studies, linkage
mapping, paternity test, forensic analysis (Ellegren 2004) and as atool for breeding strategies
in various endangered species such as the black footed ferret (Wisely et al. 2002), African
elephants (Nyakaana & Arctander 1998; Archie et a. 2003 and Comstock et al. 2000; 2002;
Eggert et al. 2000; 2002) and Asian elephant (Fernando et a. 2001; 2003a; 2003b). The
highly variable maternal inheritance of mitochondrial DNA (mtDNA) is suitable for genetic
study in the population to observe lineage tracing of matriarchal social group, were studied in
Asian elephants (Fernando et al., 2000; Fleischer et a., 2001). However, the reintroduction of
large mega-herbivore, elephants, is unique with the long life span and generation length. No
genetic study has been conducted in this reintroduced species.

Behavior in combination with genetics analysis was studied in wild elephants from Sri
Lanka and indicated that the social organization coincides with the maternal lineage as
revealed by mtDNA (Fernando and Lande, 2000). Moreover, relatedness anaysis by
microsatellites loci revealed a close relationships (mother-daughter, full sisters) between
adult females with the genetic relatedness varied from 0.16 to 0.37, but no significant
relatedness between adult cows and sub-adult or adult bulls. (Vidya and Sukumar, 2005). The
same maternal lineage and close pairwise genetic relatedness in the elephant herd were
observed in wild elephants of Vietham (Vidya et al., 2007) and Lao PDR (Ahlering et al.,
2011). In African elephants, the herd members, kin group, were in the same mtDNA
haplotype with high genetic relatedness. The different groups tended to join another group
when the old cows of each group were genetic relatives, particular with the group which
shared mtDNA haplotype (Archie et al., 2006).

In the reintroduced elephant social organization, where came from several groups and
originated areas, and particularly were influenced by human, it is interested to see how they

freely formed the herd to stay in the forest, after a long term under human care. We
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hypothesized that hypothesized that the reintroduced elephants would set up the social
structure based on maternal inherited DNA and nuclear genetic relatedness, as indicated by
Archie et a. (2006). Our objective was to evaluate genetic relatedness and social structure of
the released Asian elephant populations under the reintroduction project. The results would
be benefit for the captive elephant management to form the group in both elephant camp or

zoo facilities.

Methods
Samples collection and DNA isolation

Due to the sustainable plan of reintroduction, genetic analysis had started several
years after the beginning of the project, and could be conducted in the elephants before
releasing or during the rehabilitation process. Therefore, blood (n=61) and hair follicle (n=4)
samples were collected from 65 Asian elephants from 2 areas. the Doi Phamuang wildlife
sanctuary (n=36), Sublanka wildlife sanctuary (n=29). DNA was isolated from whole-blood
samples using the salt-extraction method (Miller et al. 1988) and the DNA Blood Mini Kit

(Gentra) and from hair follicles by phenol-chloroform-isoamylal cohol extraction.

M easuring association pattern

The reintroduced elephants were recruited from the tourist elephant camps, street
wandering, logging industry or other captive elephant facilities in Thailand, and performed
the behavioral adaptation process in the reserved forest for at least 3 months, and then freely
released in the 2 areas; 1) Doi Phamuang wildlife sanctuary located within latitude 18° 7' —
18° 27’ north and longitude 98° 58’ — 99 ° 15’ east, which covered 580 squares kilometersin
Lampang-Lampune province (Northern Thailand) 2) Sublangka Wildlife Sanctuary located

within latitude 15° 35" — 15° 44’ north and longitude 101° 19' — 101° 23’ east, which covered
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155 sguare kilometers in Lopburi province (central Thailand). The reintroduced period of
each elephant varied from 10 years to 3 months since the behavioral collection process.
Association pattern was collected via scan sampling method (Altman, 1974) in every
particular elephant for one hour, once a week due to the routine work of the field staff. The
same group or family is the association of one or more adult female elephants moving and
behaving in a coordinated manner with no single individual at a distance greater than 50
meters. Each elephant was assigned membership to the family that she associated with for the
majority (>50%) of her sightings. If any particular elephant or group was separated in a
distance greater than 1,000 meters without gathering, it was assigned to be an isolated

elephant or separated group.

Mitochondrial and microsatellite DNA amplification and genotyping

Samples were amplified in 25 pl reactions containing 2.5U HelixAmp™ Hot-Taq
Polymerase (Nanohelix, Korea), 2.5 ul 10xPCR Buffer (Nanohelix, Korea), 0.5 ul of
fluorescently labeled forward primer (each 10mM), 0.5 pl unlabeled reverse primer (each
[OmM), 0.5 pl of dNTPs (each 10 mM), 2 ul of 50ng/ul the DNA extract, and sterile
deionized water to give a final volume. The PCR cycling condition followed the company
instruction, i.e. 15 min at 95 C for an initial denaturation step, followed by cycles of 20 sec at
94°C, 40sec of annealing at different temperature, LafMS03 and LafMS05 (Nyakaana and
Arctander, 1998) at 50°C, LA2 (Eggert et al., 2000), LafMS06, LafMS08 (Nyakanaa et al.,
2005), EMU04, EMU07, EMU14, EMU15, and EMU17 (Kongrit et al., 2008) at 58'C, FH60
and FH94 (Comstock et al., 2000) at 60°C, 1min at 72'C, and afinal extension step for 7 min
at 72'C. PCR products were visualized in a 3% agarose gel. Fragment analysis was performed
in an ABI 3130 Genetic Analyzer (Applied Biosystems), and genotypes were scored using

GeneMapper v4.0 (Applied Biosystems).
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A 600-bp fragment of the control region was amplified and sequenced using the

primers MDL5 and MDL 3, as described by Fernando et al. (2000)(Fernando et al., 2000).

Dataanalysis

Number of alleles per locus, alele size range, expected frequency of multilocus
genotype, observed (H,) and expected (H.) heterozygosity from Hardy-Weinberg
equilibrium, linkage disequilibrium (Fisher's method) were calculated with the Excel
Microsatellite Toolkit (Park, 2001) and the program GenePop (Raymond and Rousset, 1995).
The pairwise genetic relatedness of two individual elephants was calculated by program ML-
Relate (Kalinowski et al., 2006). The sequence of each haplotype was created for a haplotype
network using TCS v. 1.13 (Clement et al., 2000), and for phylogenetic tree using MEGAS

(Tamuraet a., 2011).

Results

Genetic diversity of these two populations, indicated by 12 microsatellite loci, was
high with an average of 0.7385 in the Sublanka wildlife sanctuary, and 0.8083 in the Doi
Phamuang wildlife sanctuary (Table 1). Markers LafMS05, EMU04, EMUQ7 and EMU15
were not in Hardy-Weinberg equilibrium (HWE) (P<0.05), while linkage disequilibrium
could not be rejected (p<0.05) for the marker pairs FH60 and FH94, LA2 and LafM S08, and

FH94 and EMU14 respectively.
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Tablel Summary statistics of genetic variation: observed and expected heterozygosities (Ho
and He)

Locus Dyelabel Sizerange (aleles) Sublanka Doi Phamuang
Ho He Ho He

FH60 NED 142-160 (9) 0.759 0.754  0.833 0.792
FH94 PET 196-230 (11) 0.793 0.818 0944 0.814
LA2 VIC 223-241 (10) 0.621 0573 0.694 0.801
LafMS03 6-FAM 134-152 (9) 0.793 0.721 0618 0.723
LafMS05° NED 146-166 (10) 0.621 0.780  0.750 0.844
LafM S06 PET 130-162 (14) 0.931 0.865 0.886 0.896
LafMS08 6-FAM 170-192 (12) 0.689 0.707  0.829 0.814
EMUO4? 6-FAM 91-119 (12) 0.655 0.863 0.833 0.850
EMUO7* VIC 91-125 (16) 0.655 0.865 0.829 0.873
EMU14 6-FAM 130-148 (10) 0.897 0.831 0.849 0.830
EMU15° VIC 136-156 (11) 0.690 0.840 0.719 0.800
EMU17 NED 116-138 (12) 0.759 0.882 0.917 0.900
Average (al) (11.33) 0.739 0.792  0.808 0.828

4The locus was not in Hardy-Weinberg equilibrium (P<0.05)

Among 65 samples tested, we detected a total of 15 different haplotypes;, 13
haplotypes that had been described previously by (Fernando et al., 2003) and the other two
were previously undescribed haplotype groups. Each wildlife sanctuary had 12 haplotypes
(Table 2). All of these haplotypes could, however, be categorized into two major clades, A
and B, as previous reports. The phylogenetic tree of these haplotypes was shown in Fig 1.
The average pairwise genetic relatedness of the elephants in the same group was 0.075 +
0.14, while that of isolated elephants was 0.038 + 0.05. Several mitochondrial haplotypes

were found in the same elephant group.
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Table 2 Mitochondrial DNA Haplotype in the Sublanka and Doi Phamuang wildlife

sanctuary

Mitochondrial Number in Number inDoi  Accession number Haplotypein

DNA Haplotype  Sublanka WS Phamuang WS Fernando et al.
(2003)

EmTHa03 - 2 AC

EmTHa04 1 2 AD

EmTHa05 1 - New A -haplotype

EmTHal0 - 4 AB

EmTHall 1 - New A -haplotype

EmTHal3 2 7 AH

EmTHbO1 3 - BQ

EmTHDbO3 - 1 BP

EmTHbO4 1 1 New B -haplotype

EmTHbO6 5 4 BN

EmTHbDO8 2 2 BO

EmTHb10 2 1 BB/BL

EmTHb11 4 1 BW

EmTHb13 5 3 BH

EmTHb14 1 2 BG

Failed 6 1
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Figure 1 Neighbor-joining phylogenetic tree based on 600 bp showed the genetic relationship

(mtDNA haplotype) using program MEGADS. Bootstrap values are indicated at nodes.
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Discussion

This study investigated the genetic relatedness and behavior of the reintroduced
elephants, focusing on the free releasing elephants and self group forming, which we
hypothesized the elephant selected kin group based on mtDNA haplotype and pairwised
genetic relatedness. Our results also showed that the pairwise relatedness of elephants in the
same groups was higher than those of isolated elephants. However, comparing our data of
reintroduced elephants in the same group (r=0.075 + 0.14; 12 microsatellite loci) to those of
the wild Asian elephant herd (r=0.37 + 0.159; 6 microsatellite loci) (Vidya and Sukumar,
2005) and wild African elephant herd (r=0.42; 11 microsatellite loci) (Archie et al., 2006), the

average pairwise genetic relatedness of reintroduced elephants was much lower.



192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

Nevertheless, this data was dlightly different from those of the poached African elephant
group (r=0.13 + 0.01), which lost the matriarch, and the young female gathered later (Gobush
et al., 2009). Moreover, the mitochondrial haplotypes were not associated with the social
bonding, comparing the previous reports which wild Asian elephants in the same herd were
belong to the same matrilineal line (Ahlering et al., 2011; Fernando and Lande, 2000; Vidya
and Sukumar, 2005; Vidyaet a., 2007).

The genetic unrelated social organization from our study was the same as the report in
heavily poached African populations in the Mikumi National Park, Tanzania by Gobush et al.
(2009), which the long tusk old females or matriarchs were poached, and resulted in
disrupting of the herd. The dispersed herd members; i.e. younger males and females, later
formed a group without genetic relationship. In the Doi Phamuang wildlife sanctuary
population, one of the core groups contained 5 elephants which were all together, never
separated or joined with other groups during our 12 months observations. These elephants
were completely unrelated and carried different mitochondrial haplotypes. Gobush et al.
(2009) mentioned that the bonding between non-relatives would be from solitary females,
and could be the opportunity for strong bonds. These findings were the similar to the report
from the elephants in the Queen Elizabeth National Park, Uganda, where elephant poaching
was high, and the re-grouped elephants were from various mitochondrial haplotypes
(Nyakaana et al., 2001), while the un-poached population in the Ambosali National Park,
Kenya contained the same matrilineal haplotype (Archie et al., 2006). The reintroduced
population differed from the poached population in several reasons. First, the poached herds
still contained subset of core groups i.e. femae kin (Gobush and Wasser, 2009), and
gathering together, while the reintroduced groups came from different area, only mother-
offspring might consist in the group. The elephants in the reintroduction project were

separated from the cow since young, and raised by human, and no behaviorally influenced in
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social organization by the matriarch, asin poached elephants. Furthermore, loosed bonding as
joining the group or isolation was observed in the reintroduced elephants, which was reported
in poached African species (Gobush et al., 2009)

Social organization in other species, e.g. a striped dolphin (Stenella coeruleoalba)
which showed the high genetic relatedness intra-group than that inter-group (Gaspari et a.,
2007); while no paiwise genetic relatedness and maternal line influence in was observed a
common dolphin (Delphinus delphis). However, they preferred grouping by age, sex and
maturity (Viricel et a., 2008). The different behavior of these two species based on location
and environment. The report showed that del phinids bonded and recognized their kin by high
frequent whistles (Moller, 2012).

In the reintroduction project, a number of elephants were isolated, of which pairwise
relatedness was lower than those of grouped elephants. This finding was similar to poached
African elephants, which most of them was isolated, and periodicaly joined the group
(Gobush et al., 2009). The isolated behavior aso was found in a gray mouse lemur
(Microcebus murinus), of which the pairwise relatedness of isolated females was less than
that of grouped females (Radespiel et al., 2001), and females in the same group carried the
same maternal inherited DNA (Wimmer et a., 2002). In nature, environment played an
important role of elephant social organization. Elephants gathered for foraging in wet season
when vegetation was abundant, and separated when food and water were scarce (Gobush et
al., 2009). This behavior was benefit in the daily life, but maximum benefit in protecting and
rearing the elephant calf (Fernando and Lande, 2000). This calf-centered gathering behavior
also was observed in reintroduced elephants, which calf-cow or weaned calf were released,
and resulted in bonding formation which the calf was a center of grouping.

The genetic diversity of the released elephants in these two wildlife sanctuaries was

high, which indicated the low inbreeding in these 2 populations, and could be maintained for
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long time. These genetic value was high compared to the elephant facilities i.e. the Thai
Elephant Conservation Center (0.579), the Maesa elephant camp (0.580) as previous study
(Thitaram et al., 2008), even higher in the same area of the reintroduction foundation at the
Sublanka wildlife sanctuary (0.548). These results were higher probably due to the different
microsatellite primers set, which was more polymorphic, and was utilized for the national
elephant identification and genetic diversity program.

In our study, blood samples could not be collected from every particular elephants
because the genetic program had started later than the beginning of the project; thus, these
released el ephants could not be accessed.

In conclusion, it appears that social bonding of the reintroduced elephants was not
influenced by genetic relatedness and mitochondrial DNA haplotype, but was impacted more
by the elephant calf, which was at the center of gatherings. Additionaly, many elephants
occasionally preferred isolation. However, the management of reintroduction procedure
should be performed by introducing the elephants, which carry closed pairwise relatedness
and same mitochondrial haplotype, as this would increase the chance of group formation and

lead to the establishment of long term naturally-linked elephant herds.
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