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MO PAU

1. Ly do chon deé tai

Cheo cheo lung bac (Tragulus versicolor) 1a 1oai tht mong
gudc nho dic hitu cua Viét Nam, c¢6 ving phan b hep va rat
hiém gap trong tu nhién. Sau gan 30 nam khong c6 ghi nhan
khoa hoc mdi, loai dugc tai phat hién tai Nam Trung Bo ndm
2019. Véi s quﬁn thé duoc biét dén rat nho, sinh canh roi rac
va chiu ap luc tr mét rung, san bét va hoat dong sinh ké, loai
dugc danh gia & mic Cuc ky nguy cép (CR) trong Sach do
Viét Nam nam 2024.

Mic du c6 gid tri dic biét vé tién hoa va bao ton, thong tin
khoa hoc vé Cheo cheo lung bac van con rét it. Cac nghién
ctru trude day chu yéu ghi nhan s ton tai cia loai, chwa cung
cap mot danh gid tich hop vé hinh thai, di truyén, phan bd va
céc tac dong tai Viét Nam. Khoang tréng ndy han ché co s
cho nhan dang loai, xac dinh khu vyc trong diém va xay dung
bién phap bao ton phu hop.

Trong bdi canh céc sinh canh rimg khé va ban kho ven bién
Nam Trung B¢ dang chiu ap lyc lon tir san bat, chuyén doi st
dung dat, phat trién ha tz‘?lng va du lich, viéc nghién ctru tich hop
hinh thai, di truyén, phan bd va cac tac dong ddi véi Cheo cheo
lung bac 14 can thiét. Vi vay, dé tai “Nghién ctru dic diém hinh
thai, di truyén va phan bd ctua Cheo cheo lung bac (Tragulus
versicolor Thomas, 1910) & Nam Trung B9, Viét Nam” duoc
thuc hién nham bo sung co s& khoa hoc va thyc tién cho bao
ton loai.



2. Muc tiéu nghién ciru

- B6 sung dir lidu khoa hoc vé dic diém hinh thai, di
truyén, phan bd ciia Cheo cheo lung bac va danh gia cac tic
dong dén loai tai mot s6 khu vuc rimg tiém ning & Nam Trung
Bo; qua d6 dé xuét giai phap phu hop dé bao ton loai hidu qua
va bén viing.

- Xéc dinh dic diém hinh thai ngoai va hinh thai so cta
Cheo cheo lung bac; so sanh v&i Cheo cheo thuong (Tragulus
kanchil) nham cung cdp co s phan biét, nhan dang loai qua
hinh thai.

- X4c dinh dic diém bd gen ty thé hoan chinh ctua Cheo
cheo lung bac va danh gia vi tri phat sinh chung loai cua loai
trong ho Tragulidae.

- X4c dinh hién trang phan bd théng qua phong vén, biy
anh va xay dyng mé hinh phan b tiém ning cua loai.

- Xéc dinh céc tac dong chinh dén Cheo cheo lung bac va
dé xuat giai phap bao ton phu hop cho ting khu vuc ghi nhan
loai.

3. Noi dung nghién ciru

- Mo t& hinh thai ngoai va so sanh cac chi s6 hinh théi so
gitra Cheo cheo lung bac va Cheo cheo thuong.

- Phén tich ddc diém bo gen ty thé va quan hé phat sinh
chung loai cua Cheo cheo lung bac trong ho Tragulidae.

- Thu thap dit liéu phan b qua phong van va biy anh;
phan tich xac suét hién dién; xdy dung mé hinh phéan b tiém
nang duya trén két qua du doan két hop dir liéu sinh canh rimg,
do cao va do biét lap.



- Phan tich céac tac dong chinh dén loai va sinh canh; dé
xudt giai phap bao ton kha thi, phu hop diéu kién quan 1y tai
tung khu vue.

4. Y nghia khoa hoc va thyec tién

Vé khoa hoc, luan an bd sung dir liu vé hinh thai va phan
bd; cung cap théng tin mai vé hinh thai so, b gen ty thé va
quan hé phat sinh chung loai; dong thoi tich hop dit liéu ghi
nhan, mé hinh xac sudt hién dién va dir liéu khong gian dé
dinh huéng cac khu vuc can khao sat bo sung.

V& thuc tién, két qua cung cip bang ching phuc vu bao
t6n mot loai dang duoc xép Cuc ky nguy cap ¢ Viét Nam; hd
trg nhan dang mau vat, xac dinh khu vuc trong diém, hoach
dinh quan 1y ring va dé xuét giai phap gin vé6i diéu kién dia
phuong.

5. Nhirng dong gop moi cia luan an

- Cung cip dir liéu méi vé hinh thai so ciia Cheo cheo
lung bac qua mo ta va phén tich dinh luong cac chi s hinh
thai, gop phan hoan thién co s dinh danh va so sanh véi Cheo
cheo thudng (7. kanchil) c6 phan bé tai Viét Nam.

- Lan dau tién phan tich va cong b trinh tu bo gen ty thé
hoan chinh cia Cheo cheo lung bac, cung cép dit liéu di truyén
nén tang cho nghién ciru phat sinh ching loai va cac nghién
ctru chuyén sau.

- Ghi nhian méi bén khu vue phan bd ciia Cheo cheo lung
bac & Nam Trung Bo.

- Cung cip bang ching khoa hoc vé hién trang céc tac



dong dbi véi loai va sinh canh; dong thoi dé xuét giai phap
bao ton kha thi, gin voi diéu kién thyuc tién quan 1y rimg va
phat trién kinh té - x4 hoi cua cac dia phuong.

PHAN 1. TONG QUAN TAI LIEU

1.1. Tong quan vé nhém thii méng gudc

Tha méng gude 1a nhém dong vat co via gdm hai bd chinh
1a Guéc chin (Artiodactyla) va Gubc 1¢ (Perissodactyla).
Nhom nay da dang vé kich thude, hinh thai, sinh thai va déng
vai trd quan trong trong ciu trac, chirc ning cua cac hé sinh
thai trén can. Trong bd Gudc chan, ho Cheo cheo (Tragulidae)
la mot trong nhitng nhém nhai lai ¢ nhat con ton tai, ¢6 kich
thudc nho, khong cé simg hodc gac, con duc c6 rang nanh trén
phat trién.

Céc nghién ctru vé tha mong gudce trén thé gisi di chuyén
tir mo ta hinh thai va phan loai hoc c6 dién sang cac tiép can
hién dai dua trén di truyén, sinh thai hoc, m6 hinh hoa phan
bd va bao ton. Tuy nhién, phan 16n nghién ctru tap trung vao
cac loai kich thude trung binh va 16n nhu huou nai, trau bo,
linh duong hodc lon rimg. Cac loai thi méng gudc kich thudc
nhd, dac biét 1a ho Cheo cheo & Pong Nam A, van it dugc
nghién clru.

1.2. Lich s nghién ctru hg Cheo cheo va loai Cheo cheo
lung bac

Ho Cheo (Tragulidae) hién gom ba gidng con ton tai 1a



Tragulus, Moschiola va Hyemoschus. Trong d6, gidng
Tragulus phan bd chu yéu tai Pong Nam A va bao gém céc
loi ¢6 kich thudc co thé nho, sbng trong cc sinh canh ring
nhi¢t doi. Cheo cheo lung bac 1a mot loai thudc giéng
Tragulus, dugc Thomas mé ta ndm 1910 dua trén mau vat thu
& gan Nha Trang, Khanh Hoa.

Sau mo ta ban dau, loai hau nhu khong duoc nghién ciru
trong thoi gian dai. Mot sb ghi nhan méu vat roi rac duoc dé
cap trong thé ky XX, nhung thiéu dir liéu thuc dia cu thé.
Viéc tai phat hién loai bang bay anh tai ring kho Nai Chua
vao nim 2019 d3 mé ra hudng nghién ctru méi vé phan bd
va béao ton. Tuy vay, dén nay dit liéu vé hinh thai so, di truyén,
sinh thai va pham vi phan bd thuc té cta loai van con rat han
ché.

1.3. Tinh trang béo ton va cic méi de doa dén loai Cheo
lung bac

Trén Danh luc Bé IUCN, Cheo cheo lung bac dugc xép
Thiéu dit liéu (DD). O Viét Nam, loai dugc danh gia Cuc ky
nguy cip (CR) trong Sach do Viét Nam nim 2024. Sy khac
biét phan anh nhu cau tiép tuc bd sung dir li¢u thyc dia, nhét
1a v& phan b, tinh trang quan thé va xu huéng suy giam & cip
quéc gia.

Céac mdi de doa chinh dbi voi loai gdm mat va phan manh
sinh canh, san bat bang bay day, khai thac 1m san, chay rimg,
chan tha gia sic, mo rong ha tang va du lich. Do loai c6 ving
phan bd hep, quan thé nho va sinh canh rdi rac, cac tic dong



nay c6 thé 1am ting nguy co tuyét chung cuc bd néu khong cé
hanh dong bao ton kip thoi.

1.4. Khai quat khu vuc nghién ctru

Khu vuc nghién ctu thugc Nam Trung B9, tap trung tai
bik Lik, Khanh Hoa va Lam Déng. Céac dia diém c6 dia hinh
nui thip ven bién, ddng bang hep, con cat, suon nai d4 granit
va céac kiéu rung kho hoac ban khé phan bd 161 rac, chiu tac
dong cuia khé han mua kho, ha tz‘?lng, du lich va chuyén ddi str
dung dit.

Déi voi Cheo cheo lung bac, cac sinh canh rimg thap, kho
han theo muia va phan bd doc dai ven bién hodc vung doi thap
ven bién c6 ¥ nghia dic biét. Tuy nhién, dién tich cac sinh
canh nay nho, bi chia cit manh va chiju ap luc cao tur cac hoat
dong kinh té - xa hoi. Vi vay, viéc danh gia phan b6 loai can
duoc dat trong bdi canh bién d6i sinh canh, quy hoach st dung
dat va ap lyc phat trién cua timg dia phuong.

PHAN 2. POI TUQNG, PIA PIEM, THOI GIAN VA
PHUONG PHAP NGHIEN CUU

2.1. DPoi twong, dia diém va thoi gian nghién ctu

Dbi twong nghién ctru chinh 13 loai Cheo cheo lung bac
(Tragulus versicolor Thomas, 1910), thuoc ho Cheo cheo
(Tragulidae), bd Gudc chin (Artiodactyla), 16p Thu
(Mammalia). Nghién ctru dugc thyc hi¢n tir thang 10/2020
dén thang 8/2025.



Nghién curu dugce trién khai tai 11 khu vuc rung thudc ba
tinh Pik Lik, Khanh Hoa va Lam Pdéng: Cu Méng, Krong
Trai, Hon L&n, Ninh ich - Ninh Loc, Hon Héo, Dién LAm, Cu
Hin, Subi Tién, Cam An Bic, Cam Phuéc Tay va Tuy Phong.
2.2. Vat liéu nghién ciru

Vat liéu hinh thai gém 27 mau so trudng thanh: 7 mau
Cheo cheo lung bac va 20 mau Cheo cheo thuong. Bén trong
bay mau Cheo cheo lung bac dugc dinh danh phan tir bang ma
vach DNA va mdi dic hiéu loai; ba mau con lai duoc luu gilr
tai Vién Sinh hoc, Vién Han 1am Khoa hoc va Cong ngh¢ Viét
Nam.

Vat liéu di truyén 12 mot mau mé co ciia mot ca thé Cheo
cheo lung bac duc trudng thanh, thu tai Ninh Hoa, tinh Khanh
Hoa vao thang 10/2022. Dit liéu phan bé dugc thu thap bang
phong van ban ciu trac va khao sat bay anh tai cac khu vuc
rimg tiém nang.

2.3. Phuong phap nghién ciru

Hai muoi sau chi s6 hinh thai so dugce do theo hé théng
chuin hoa cho ho Tragulidae va gidng Tragulus. S6 liéu dugc
phan tich bang thdng ké mé ta, PCA, kiém dinh Mann—
Whitney kém hi¢u chinh Benjamini—Hochberg va kich thude
hiéu tng Cliff’s delta. MANOVA dugc st dung nhu bang
ching hd trg do s bién gin bang sé mau va ma tran hiép
phuong sai c6 nguy co suy bién.

DNA t6ng sd duogc tach chiét bang bo kit QIAamp DNA
Mini Kit. Dir liéu giai trinh ty dugc tao bé‘mg nén tang
DNBSEQ, lap rap bo gen ty thé bang GetOrganelle, chu giai



bang MITOS2 va hiéu dinh thi cong trén Geneious Prime.
Cay phat sinh chung loai Maximum Likelihood dugc dung
bang IQ-TREE véi 1.000 bootstrap. Khoang cach di truyén
gitta cac loai Tragulus dugc tinh theo mo hinh Kimura hai
thong s6 (K2P) dya trén trinh tu cyth.

Dir liéu phan bd duge thu thap qua 96 cudc phong van ban
ciu truc va khao sat bay anh tai 11 khu vuc. Anh duoc quan
ly béng digiKam va camtrapR; su kién doc 1ap duoc xac dinh
theo ngudng 60 phut. M6 hinh occupancy mdt loai, mdt mua
duoc xay dung bang gbi unmarked trong R, véi xac sudt phat
hién hiéu chinh theo nd luc may hoat dong.

Mo hinh phan bé tiém niang duoc ngoai suy tir thanh phan
hién dién cua mo hinh occupancy lén raster sinh canh va gidi
han b'fmg mat na rung ty nhién. Két qua dugc dung dé mo ta
xu huéng va dinh hudng khao sat bo sung, khong dugc xem
1a ranh gidi phan bd thuc té, wéc luong mat d6 hoic bang
ching xé4c nhén sinh canh ct 16i.

Cic bién moi truong gém dry, semidry, evergreen,
remoteness va elevation, dugc chuan hoa Z-score. Thanh phén
phat hién duoc cd dinh & p(effort), trong d6 effort 1a sd ngay
may hoat dong hop 1é trong mdi phién khao sat. M6 hinh duoc
so sanh bang AICc, AAICc va trong s6 Akaike.

Tac dong duoc danh gia bang cach tich hop phong van,
quan sat hién truong, GIS/vién tham va quy hoach sir dung dét
dén nam 2030. Giai phap bao t6n dugc xay dyng tir phan tich
SWOT va nguyén tic bao ton tai chd, c6 xem xét sy khac biét
vé quan 1y, sinh ké va ap luc phat trién & timg khu vuc.



Céac bién moi trudng va sinh canh duoc sir dung theo
huéng phan anh gia thuyét sinh thai cua loai, trong dé rimg
kho, rimg ban kho, rung thuong xanh, d6 cao va muc do biét
l1ap dugc dung dé giai thich xac suét hién dién. Khi du doan
phan bé tiém ning, ving ngoai suy dugc gidi han bang 16p
mat na rung tu nhién, loai trr khu dan cu, dat nong nghiép,
rimg trong va duong giao théng nham giam nguy co du doan
vuot ngoai sinh canh c6 y nghia sinh thai.

Viéc danh gia tic dong va xdy dung giai phap bao ton
khong chi dua vao két qua ghi nhan loai, ma con tich hop
thong tin phong van, quan sat hién trudng, quy hoach sir dung
dat dén nam 2030 va phan tich SWOT cho timg khu vuc ghi
nhan loai. Cach tiép can nay gitp lién két bang chimg sinh hoc
v6i diéu kién quan 1y thuc té tai dia phuong.

PHAN 3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Dic diém hinh thai Cheo lung bac

3.1.1. Pic diém hinh thai ngoai

Két qua dinh danh loai tir anh bay anh cho thiy Cheo
cheo lung bac (Tragulus versicolor) ¢ cac dic diém hinh thai
ngoai phi hop voi mé ta gbe va cac ghi nhan trude day. Pic
diém nodi bat nhat ciia loi 1a kiéu mau 16ng tach thanh hai phan
rd rét: nira trude co thé, gom dau, co, vai va phan trudc than
¢6 mau nau do; phan sau than, dic biét tir ving lung giira dén
mong, c6 mau xam bac. Sy twong phan nay 13 diu hiéu nhan
dang quan trong dé phan biét Cheo cheo lung bac véi Cheo



cheo thudng trong diéu kién quan sat ngoai thuc dia hodc qua
anh bay anh.

O céc anh ghi nhan o, Cheo cheo lung bac c6 co thé nho,
chan manh, diu thon, mém nhon va tai tuong ddi ng’fm, phu
hop véi dic diém chung cua cac loai thudc gidng Tragulus.
Vung bung va mat trong chan thuong sang mau hon so véi
lung va hai bén than; khong ghi nhan sy hién dién cua sung
hoic gac, phu hop véi dic diém cia ho Cheo cheo
(Tragulidae). Do dir li¢u hinh thai ngoai trong nghién ctru nay
chu yéu duoc quan sat qua anh bay anh, cac chi sé nhu khéi
luong co thé, chiéu dai than, chiéu cao vai va khac biét gidi
tinh chua dugc dinh lugng truc tiép.

Nhin chung, dir liéu bdy anh cho thiy Cheo cheo lung
bac tai khu vyc nghién ctru van duy tri dac diém chan doan
quan trong da dugc mo ta trong tai licu trudce day, dac biét 1a
kiéu 16ng hai mau voi phan sau than xam bac. Dic diém nay
c6 gia tri thuc tién trong dinh danh nhanh ngoai hién truong
va xtr 1y dit liéu bay anh, nhung trong cac truong hop anh
khong rd hodc mau vat khong day du can két hop thém bang
chung hinh thai so hodc dur li¢u di truyén.

3.1.2. Pic diém hinh thai so

Phén tich 7 mau so trudng thanh cho thiy Cheo cheo lung
bac ¢ chiéu dai so 91-99 mm, chiéu rong so 32-36 mm va
chiéu cao so 26-28 mm. So thudn dai vé phia mdm, nhe, phﬁn



mat so phat trién hon phan nio so, pht hop véi dic trung cia
gidng Tragulus.

Vé hinh dang, so cua Cheo cheo lung bac thudn dai vé
phia mom, phén mat so phat trién hon phén nao so, vom so
hoi det va khong c6 mao doc gitra 0 rét. Cac dac diém nay
pht hop v6i kiéu hinh chung cta giéng Tragulus, dong thoi
bo sung bo dir liéu mo ta so cho mot loai dac hiru hep von rat
khan hiém mau vat.

So sanh 26 chi s6 trén 27 mau cho thiy Cheo cheo lung
bac 16n hon & 23/26 chi sb. Hai truc PCA dau giai thich 77,71%
phuong sai, trong d6 PC1 chiém 67,79% va phan anh cha yéu
kich thudc so. Kiém dinh Mann—Whitney cho 23/26 chi s6 c6
p < 0,05 va van c6 q < 0,05 sau hiéu chinh Benjamini—
Hochberg.

Nhom sau chi sé chiéu dai gdm BPL, LM, CBL, MLL,
LTL va UTL déu cao hon & Cheo cheo lung bac. Mot sb chi
s6 chiéu rong va chiu cao nhu ZW, WO, BH, HM va BPM
cling ¢6 hiéu sé trung binh 16n, nhung cac chi sd nay tuong
quan manh véi nhém chiéu dai so va xuong ham (r = 0,64—
0,84), nén nhém chiéu dai dugc xem 1a 6n dinh hon cho nhan
dinh phan biét loai.

MANOVA tham do cho Wilks’ Lambda = 0,0000126; F
~ 30,49; p < 0,0001, nhit quan vé hudng voi PCA va céc so
sanh don bién. Tuy nhién, do sb bién gan bang sd mau va bac
tu do ng1 nhom thép, Kkét qua chi dugc xem la bé‘lng chimg hd
tro.



Ba chi sb chiéu dai c6 gia tri phan tach cao 1a LM, BPL va
CBL. Ngudng tham chiéu dé xuit trén bo mau nghién ciru:
BPL > 72 mm, LM > 73 mm, CBL > 92 mm huéng dén T.
versicolor; BPL <70 mm, LM <72 mm, CBL <90 mm hudng
dén T, kanchil. Cac ngudng chua dugc tham dinh doc 1ap; mau
trong ving chong 14n can ddi chiéu thém hinh thai, ngudn gbc
va dir liéu phan tu.

Gidi han quan trong ctia phan tich hinh thai 14 sé mau T.
versicolor nhd (n = 7). Bén mau dd duoc dinh danh phén tu,
toan bd 1a mau truong thanh va cac phép do duoc lap lai hai
lan; tuy vay, cic ngudng phan biét chi ¢ gia tri tham chiéu
trén bd mau hién c6 va can kiém ching ngoai mau.

Badng 1. Mét s6 chi s6 hinh thdi so ¢é gid tri phdn biét giita
Cheo cheo lung bac va Cheo cheo thuong

. X Cheo cheo lung Cheo cheo e
Chi so bac (mm) thudmg (mm) Nhéan dinh

BPL 67.5-86.5 547-71.5 Phan tach rat rd, ngudng dé xuat
>72 mm

LM 70,5-84.0 59.6-72.6 Phén tach rat 1, ngudng de xuat
>73 mm

CBL 91,8-99.9 76.7-94.3 Phén tach rd, ngudng de xuat >
92 mm

3.2. Pic diém di truyén

Mau KHO1 duoc giai trinh t trén nén tang DNBSEQ, thu
4.042.092 doc sach, twong duong 1,21 GB; Q20 = 98,77%,
Q30=95,73% va GC = 43,73%. Bo gen ty thé lap rap de novo
dat do phu trung binh 254x va do bao phu >1x dat 99,8%.




Bo gen ty thé hoan chinh ctia Cheo cheo lung bac dai
16.317 bp, ¢o ciu triac vong khép kin dién hinh ctia dong vat
c¢6 xuwong song. Thanh phan base gom A = 32,7%, T =26,9%,
C =26,8%, G = 13,6%, véi ham lugng GC = 40,3%. B gen
gom 37 gen dién hinh: 13 gen mi hoa protein, 22 gen tRNA,
2 gen rRNA va mot ving diéu khién D-loop dai 890 bp. Trinh
tu duge ding ky trén GenBank véi ma s6 PV872897.

Trong s cac gen mé hoa protein, cox1 1 gen dai nhit voi
1.545 bp, con atp8 1a gen ngan nhat voi 207 bp. Hai gen rRNA
gom rm$S (12S rRNA) dai 952 bp va rrL (16S rRNA) dai
1.570 bp; ving D-loop dai 890 bp nim giita trnP va trnF. Trat
tir va thanh phan gen phu hop véi cdu tric chuan ciia bd gen
ty thé dong vat c6 xuong song.

Trinh ty dugoc dang ky voi ma GenBank PV872897,
BioProject PRINA1303987, BioSample SAMNS50545290 va
SRA SRR34936334. Pay 1a bo gen ty thé hoan chinh dau tién
cta loai, tao dir liéu nén cho dinh danh va so sanh di truyén.

Cay Maximum Likelihood dya trén bd gen ty thé hoan
chinh cho thidy ho Tragulidaec 1a nhém don nganh. T
versicolor tao mot nhanh riéng, 1a nhom chi em véi nhanh
gém T. napu, T. kanchil va T. javanicus, voi bootstrap 99,5%,
hd trg vi tri phat sinh doc 1ap ctia loai.

So sanh kich thudc b gen ty thé cho thdy T. versicolor
(16.317 bp) nam trong khoang bién thién dién hinh cta ho
Tragulidae, tuong tu 7. kanchil (16.333 bp), T. napu (15.778
bp), Hyemoschus aquaticus (16.225 bp) va Moschiola indica
(16.402 bp). Su khac biét nhé vé chiéu dai chu yéu lién quan



dén ving diéu khién D-loop, trong khi cu triic 37 gen dugc
bao thu.

Khoang cach K2P trén gen cytb gitta T. versicolor va cac
loai Tragulus khac 1a 15,25-18,03%, cao hon khoang cach
gilta cac loai con lai trong giéng (8,36—11,98%). Riéng T.
versicolor va T. kanchil dat 15,25%. Do mtDNA phan anh
dong me, két qua chua du dé suy luan ciu tric quan thé hodc
dong gen giira cic quan thé.

Bo gen ty thé co gia tri xac dinh vi tri phat sinh va mic
phan ky ctia dong me, nhung khong thay thé di liéu di truyén
nhan hodc dir lidu hé gen tir nhiéu quan thé. Pay 1a gii han
can dugc luu ¥ khi chuyén tir két qua phét sinh chiing loai sang
suy luan bao ton quan thé.

Bdng 2. Tém tdt déic diém bé gen ty thé Cheo cheo lung bac

Théng sb Gia tri
Chiéu dai bo gen 16.317 bp
Céu trac Dang vong, dién hinh cua dong vat co6 xuong séng
Thanh phén base A =327%; T=26,9%; C=26,8%; G=13,6%
GC content 40,3%
S6 gen 37 gen: 13 PCGs, 22 tRNAs, 2 rRNAs va D-loop
GenBank accession | PV872897

3.3. Pic diém phén bd

C6 96 ngudi duoc phong van: 30 ngudi timg gip hodc biét
Cheo cheo lung bac, 25 nguoi nhan dién Cheo cheo thuong,
30 ngudi biét c6 cheo nhung khong phan biét hai loai va 11
ngudi khong biét. Co 85/96 ngudi (88,5%) cho rang sb luong
cheo di giam manh trong 10 nim gan day.



Khao sat tai 11 khu vyc st dung 366 tram, 401 luot dat
may va 28.779 ngay may hoat dong, thu 39.590 anh. Cheo
cheo lung bac dugc ghi nhan méi tai Krong Trai, Hon Heo,
Cu Hin va Cam Phudc Tay, ¢ 24 tram véi 357 su kién ddc lap
theo ngudng 60 phut.

S6 su kién doc 1ap gdm Krong Trai 36, Hon Héo 242, Cu
Hin 39 va Cam Phudc Tay 40. Hon Héo c6 s6 ghi nhan va sé
tram ghi nhan cao nhét. Tuy nhién, s ghi nhan chi phan dnh
murc phat hién, khong dai dién cho mat do, kich thudc quan
thé hodc toan bod pham vi phan b tai tung khu vuec.

Tinh ca ghi nhan tai Vuon quéc gia NGi Chia d3 cong bd
nam 2019, hién c6 nam khu vuc ghi nhan loai ngoai tu nhién
& Viét Nam. Phan b hién biét rong hon trudc nhung van roi
rac va gin véi cac mang sinh canh dic thu.

O Cam Phuéc Tay, hai loai T. versicolor va T. kanchil
duoc ghi nhan tai cac tram khac nhau, goi y kha nang phan
chia sinh canh vi mé nhung chua du dit liéu dé khang dinh.
Nhimng khu vuc khong ghi nhan loai c6 thé phan anh phat hién
khong hoan hao, suy gidm cuc b hodc cac yéu td chua duogc
mo hinh hoa.

Bdng 3. Két qud ghi nhdn Cheo cheo ling bac bang bdy anh
tai cac khu vuc co phat hién loai

S6 tram ghi S6 lan ghi

Khu vue Tinh e i
Kréng Trai bik Lik 7 36
Hon Heo Khanh Hoa 8 242

Cu Hin Khanh Hoa 3 39




Cam Phuéc Tay Khanh Hoa 6 40

Téng cong 24 357

3.4. M6 hinh xac suit hién dién va phan bd tiém ning

B dir liéu occupancy chuin hoéa gé)m 366 tram, toi da 21
phién/tram, mdi phién 7 ngdy, véi tong nd luc 26.315 ngay-
tram. Sau chuin hoa, ¢6 131 sy kién doc 1ap tai 21 tram, tuong
ung 5,7% s6 tram khéo sat.

Tap ung vién c6 13 mo hinh M0-M12; ba m6 hinh khong
hoi tu hoac khong xac dinh AICc nén con 10 mo hinh hop I¢.
MS5 [w(dry), p(effort)] c6 AICc thap nhét: 436,97; AAICc = 0;
wi = 0,320. M9 [y(dry + remoteness), p(effort)] c6 AAICc =
0,313 va wi = 0,273; tong trong sb hai mé hinh 1a 0,593.

Bing 4. Cdc mé hinh occupancy nhgn dwoc mirc hé tro

cao nhat
M hinh CAu trac AICe AAICc wi
M5 y(dry), p(effort) 436,97 0 0,320

y(dry + remoteness),

M9 p(effort)

437,28 0,313 0,273

Téng M5 + M9 0,593

Trong M5, dry c6 hé¢ sb duong (B = 0,444; p = 0,010;
CI95%: 0,106-0,782), cho thdy xac sut hién dién du doan
ting theo dry trong pham vi dit liéu khao sat. Do M9 dugc hod
trg gan twong duong va s6 tram ghi nhan thap, chua du co so



khang dinh loai phu thudc chii yéu vao rimg kho trén toan
vung nghién cuu.

Déi véi thanh phan phat hién, effort c6 hé s6 duong nhung
chua dat y nghia théng ké (B = 0,149; p = 0,141; CI95%: -
0,050-0,348). Kha nang phat hi¢n khong hoan hao can duoc
tinh dén khi dién giai cac khu vyc chua ghi nhan.

X4c suét hién dién du doan theo 11 khu vuc dao dong
0,0460-0,0707. Subi Tién, Cam An Bic, Cu Hin va Cam
Phudc Tay co gia tri twong d6i cao hon, nhung khoang tin ciy
95% chong 1ap dang ké; cac gia tri khong dugc dung dé suy
luan khac bi¢t c6 y nghia, mat do hay kich thudc quén thé.

Bé mit ngoai suy cho thiy cac ving cé gia tri y twong dbi
cao tap trung chil yéu doc ven bién Khanh Hoa va phia déng
Pik Lik; phan 16n dién tich rimg tu nhién nim & mirc y thap
va cac vung y > 0,08 c6 di¢n tich nho, phan manh.

Bén d6 phan anh phan bd khong gian ctia bién dry trong
M35 va pham vi du bao. Cac ving c6 gia tri twong dbi cao chi
1a thong tin hd tro dinh hudng khao sat bd sung, khong phai
bang ching x4c nhan loai hién dién, sinh canh tbi wu, sinh
canh cbt 161 hay ranh giGi phan bé thuc té.

Viéc M9 c6 mirc hd trg gan tuong duong M5 cho thdy anh
hudng bd sung clia remoteness chua thé loai trir. Vi vay, dién
giai cudi cung wu tién mdi lién hé duoc hd trg voi dry nhung
dong thoi giit rd muc bat dinh cia mé hinh va nhu cau bo sung
diém ghi nhan.

3.5. Hién trang tac dong va giai phap bio ton



Céc tac dong chinh gdm biy bat dong vat hoang da, khai
thac than cui, thu hai 1am san phuy, l4n chiém va dét rung lam
ray, chin tha gia siic, mo duong va xay dung khu du lich. Bay
bat, 14n chiém rimg va khai thac than cui 14 ba tac dong phd
bién, c6 muic d6 cao nhat.

Hon Héo c6 mirc tic dong nhan sinh cao nhét, tiép dén
Krong Trai. Cu Hin va Cam Phudc Tay ¢6 muc tac dong trung
binh dén thap hon. Céc tac dong gy chia cat va suy giam chat
luong sinh canh, de doa kha nang duy tri cac khu vuc da ghi
nhan loai.

Bdén nhém muc tiéu bao ton dugce dé xuét: (1) quy hoach,
béo vé 6n dinh rimg ty nhién; (2) giam thiéu va ngan chin tac
dong nhan sinh; (3) ting cuong quan 1y, giam sat bao ton tai
chd; (4) gin két va duy tri ngudn lyc bao ton bén viing.

Phan tich SWOT cho thay Kréng Trai va Hon Héo ¢6 loi
thé vé dién tich rimg ty nhién 16n, sinh canh lién ving va kha
ning thiét 1ap ving bao ton tai chd. Cam Phudc Tay co tiém
nang két ndi, mo rong sinh canh véi cac khdi rimg lan cén,
con Cu Hin ¢6 thé phit hop v6i mé hinh OECM quy mé nho,
gin bao ton v&i du lich sinh thai néu quy hoach duoc kiém
soat chat ché.

Vé thach thir, Krong Trai chiu ap luc tir khai thac than,
cui dbt va chay ring mua kho; Hon Heo chiu 4p lyc manh tu
d6 thi hoa, ha ting du lich ven bién, san bat va khai thac 1am
san; Cu Hin ¢6 nguy co thu hep rung tu nhién do quy hoach
du lich; Cam Phudc Tay d6i mat v6i 1an chiém nwong riy,
chén tha gia stic va chdy rung mua kho.



Hon Héo va Krong Trai 12 hai khu vuc cn uu tién xem
xét hanh dong bao t6n do c6 sinh canh rimg lién ké 16n va
pham vi ghi nhan rong. Hon Heo c6 13.945 ha rung ty nhién
nhung chiu ap luc phat trién cao; viéc xem xét hinh thirc bao
vé lau dai, trong d6 c6 kha nang thanh 1ap Khu bao ton thién
nhién Hon Héo, can tiép tuc danh gia phép 1y, st dung dat va
sur déng thuan cua cac bén.

Lo trinh thyc hién gdm bén bude: (1) chia sé va kiém
chung thong tin nghién ctru; (2) tham van, danh gia tinh kha
thi, phap 1y va nguon luc; (3) thi diém cac hoat dong kha thi
nhu thao g& bay, tudn tra, truyén thong va giam sat; (4) theo
ddi, danh gia va diéu chinh giai phap.

Céc dé xuat 1a dinh huéng chuyén két qua nghién ciru
thanh hanh dong c6 thé xem xét. Viéc trién khai cu thé phai
dugc co quan quan 1y va cac bén lién quan thim dinh, dong
thoi cap nhat khi c6 thém dir liéu vé phan bd, sinh canh, tac
dong va hi¢u qua bao ton.



PHAN 4. KET LUAN VA KIEN NGHI

1. Két luan

1. Trén bd 27 mau, Cheo cheo lung bac khéac rd Cheo cheo
thuong v hinh théi so. BPL, LM va CBL ¢6 gia tri tham chiéu
phan biét hai loai, b sung co s& hinh thai dinh luong trong
diéu kién mau vat Cheo cheo lung bac con han ché.

2. B0 gen ty thé hoan chinh c¢6 ciu trac dién hinh ctia dong
vat co vi. Phat sinh chung loai va khoang cach di truyén cho
thdy T. versicolor 13 mot nhanh phan hoa rd trong gidng
Tragulus, bd sung bang chimg phan tir hd tro vi tri phan loai
doc lap va gia tri tién hoa cua loai.

3. Bon khu vuc phan bd mai tai Krong Trai, Hon Heo, Cu
Hin va Cam Phuéc T4y cho thdy pham vi hién biét rong hon
nhung van roi rac. M6 hinh cho thiy mdi lién hé duong véi
dry; cac ving du doan tuong dbi cao & Khanh Hoa va phia
dong Pak Lak can duoc uu tién khao sat bd sung va theo ddi
dai han.

4. Biy bat va mét sinh canh rimg 13 cac nguy co chinh.
Béo ton loai can theo hudng tai chd, gin voi quan 1y sinh canh
va sy tham gia cta cac bén lién quan.

2. Kién nghi

1.U tién tang cudng bao vé tai bén khu vire di xac nhan
su hién dién, trude hét kiém soat bay bét, han ché mat va suy
giam chat luong rimg, dong thoi duy tri giam sat dinh ky bang
bay anh.



2.M¢ rong khao sat ¢ cac khu vuc c6 sinh canh phu hop
va gia tri du doan twong ddi cao nhung chwa c6 ghi nhin xac
nhén, dac biét tai Khanh Hoa, phia dong Pik Lik va vung
rimg thip ven bién Lam Dong.

3.Tai Hon Héo va Krong Trai, tiép tuc danh gia diéu kién
phap 1y, sir dung dat, co ché quan Iy va sy dong thuén cta cac
bén dé lya chon hinh thirc bao vé lau dai phu hop; xem xét kha
nang thanh 1ap Khu bao ton thién nhién Hon Héo.

4.Tiép tuc nghién ctru sinh thai, ciu tric quan thé, két ndi
sinh canh va di truyén quan thé bang nhiéu miu va chi thi
nhan/hé gen,; két qua s& hd trg quy hoach, bao tdn, ctru ho va
nhan nudi bao ton trong tuong lai.
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INTRODUCTION

1. Rationale

The silver-backed chevrotain (Tragulus versicolor) is a
small ungulate endemic to Vietnam, with a restricted range
and very few records in the wild. After nearly 30 years without
new scientific records, the species was rediscovered in South-
Central Vietnam in 2019. Because only a few populations are
known, their habitats are fragmented, and they face pressures
from forest loss, hunting and livelihood activities, the species
is assessed as Critically Endangered (CR) in the 2024 Vietnam
Red Data Book.

Despite its exceptional evolutionary and conservation
value, scientific knowledge of the silver-backed chevrotain
remains very limited. Previous studies mainly confirmed its
continued existence and did not provide an integrated
assessment of morphology, genetics, distribution and threats
in Vietnam. This knowledge gap constrains species
identification, the delineation of key areas and the
development of appropriate conservation measures.

Dry and semi-dry coastal forests in South-Central Vietnam
are under intense pressure from hunting, land-use change,
infrastructure development and tourism. An integrated
investigation of the morphology, genetics, distribution and
threats affecting the silver-backed chevrotain was therefore
necessary. The dissertation entitled “Research on the
morphological, genetic and distributional characteristics of the



silver-backed chevrotain (7ragulus versicolor Thomas, 1910)
in South-Central Vietnam” was conducted to strengthen the
scientific and practical basis for conserving the species.

2. Research objectives

- To add scientific data on the morphology, genetics and
distribution of the silver-backed chevrotain and assess threats
to the species in selected potential forest areas of South-
Central Vietnam, thereby proposing appropriate measures for
effective and sustainable conservation.

- To determine the external and cranial morphological
characteristics of the silver-backed chevrotain and compare
them with those of the lesser mouse-deer (Tragulus kanchil),
providing a morphological basis for species identification and
discrimination.

- To characterize the complete mitochondrial genome of
the silver-backed chevrotain and assess its phylogenetic
position within the family Tragulidae.

- To determine the current distribution of the species
through interviews and camera trapping and to develop a
model of its potential distribution.

- To 1identify the principal threats to the silver-backed
chevrotain and propose conservation measures appropriate to
each confirmed occurrence area.

3. Research contents
- Description of external morphology and comparison of
cranial measurements between the silver-backed chevrotain



and the lesser mouse-deer.

- Analysis of mitochondrial genome characteristics and
the phylogenetic relationships of the silver-backed chevrotain
within Tragulidae.

- Collection of distribution data through interviews and
camera trapping; analysis of occupancy probability; and
development of a potential-distribution model by combining
predicted occupancy with forest habitat, elevation and
remoteness data.

- Analysis of the principal threats to the species and its
habitat and proposal of feasible conservation measures suited
to management conditions in each area.

4. Scientific and practical significance

Scientifically, the dissertation adds morphological and
distributional data; provides new information on cranial
morphology, the mitochondrial genome and phylogenetic
relationships; and integrates occurrence records, occupancy
modelling and spatial data to identify areas requiring
additional surveys.

Practically, the results provide evidence for conserving a
species classified as Critically Endangered in Vietnam;
support specimen identification, the identification of key areas
and forest-management planning; and propose measures
suited to local conditions.

5. New contributions of the dissertation

- New cranial-morphology data for the silver-backed



chevrotain were obtained through description and quantitative
analysis of measurements, improving the basis for
identification and comparison with the lesser mouse-deer (7.
kanchil) occurring in Vietnam.

- The complete mitochondrial genome of the silver-
backed chevrotain was analysed and published for the first
time, providing foundational genetic data for phylogenetic
and more specialized studies.

- Four previously undocumented occurrence areas of the
silver-backed chevrotain were recorded in South-Central
Vietnam.

- Scientific evidence was provided on current threats to
the species and its habitat, together with feasible conservation
measures linked to practical forest-management and
socioeconomic conditions in the respective localities.

PART 1. LITERATURE REVIEW

1.1. Overview of ungulates

Ungulates comprise two principal mammalian orders,
Artiodactyla and Perissodactyla. They vary widely in size,
morphology and ecology and play important roles in the
structure and functioning of terrestrial ecosystems. Within
Artiodactyla, Tragulidae is among the oldest surviving
ruminant lineages; its members are small, lack horns or antlers,
and males have enlarged upper canines.



Ungulate research worldwide has shifted from classical
morphological description and taxonomy to modern genetic,
ecological,  distribution-modelling and  conservation
approaches. Nevertheless, most studies have focused on
medium-sized and large species such as deer, bovids,
antelopes and wild pigs. Small ungulates, particularly
Southeast Asian chevrotains, remain understudied.

1.2. Research history of Tragulidae and the silver-backed
chevrotain

The family Tragulidae currently contains three extant
genera: Tragulus, Moschiola and Hyemoschus. Tragulus
occurs mainly in Southeast Asia and comprises small-bodied
species inhabiting tropical forests. The silver-backed
chevrotain belongs to Tragulus and was described by Thomas
in 1910 from a specimen collected near Nha Trang, Khanh
Hoa Province.

Following its original description, the species received
almost no research attention for a long period. Several
isolated specimen records were mentioned during the
twentieth century, but specific field data were lacking. Its
rediscovery by camera traps in the dry forest of Nui Chua in
2019 opened new directions for distribution and conservation
research. Data on cranial morphology, genetics, ecology and
the actual range nevertheless remain scarce.

1.3. Conservation status and threats to the silver-backed
chevrotain



The silver-backed chevrotain is listed as Data Deficient
(DD) on the IUCN Red List. In Vietnam, it is assessed as
Critically Endangered (CR) in the 2024 Vietnam Red Data
Book. This discrepancy highlights the need for additional field
data, particularly on distribution, population status and
national-level decline.

The main threats include habitat loss and fragmentation,
wire-snare hunting, forest-product extraction, wildfire,
livestock grazing, infrastructure expansion and tourism.
Given the species’ restricted range, small populations and
fragmented habitat, these pressures may increase the risk of
local extinction unless timely conservation action is taken.

1.4. Overview of the study area

The study was conducted in South-Central Vietnam,
focusing on Dak Lak, Khanh Hoa and Lam Dong provinces.
The sites contain low coastal mountains, narrow plains, dunes,
granite slopes and patchily distributed dry or semi-dry forest
types affected by seasonal drought, infrastructure, tourism and
land-use change.

Low-elevation, seasonally dry forests along the coast and
coastal foothills are particularly relevant to the silver-backed
chevrotain. These habitats are limited in area, highly
fragmented and under strong socioeconomic pressure.
Assessment of the species’ distribution must therefore
consider habitat change, land-use planning and development
pressures in each locality.



PART 2. STUDY SUBJECT, SITES, PERIOD,
MATERIALS AND METHODS

2.1. Study subject, sites and period

The principal study subject was the silver-backed
chevrotain (7Tragulus versicolor Thomas, 1910), family
Tragulidae, order Artiodactyla, class Mammalia. The study
was conducted from October 2020 to August 2025.

Research was undertaken in 11 forest areas across Dak
Lak, Khanh Hoa and Lam Dong provinces: Cu Mong, Krong
Trai, Hon Lon, Ninh Ich—Ninh Loc, Hon Heo, Dien Lam, Cu
Hin, Suoi Tien, Cam An Bac, Cam Phuoc Tay and Tuy Phong.
2.2. Research materials

The morphological material comprised 27 adult skulls:
seven silver-backed chevrotains and 20 lesser mouse-deer.
Four of the seven silver-backed chevrotain specimens were
molecularly identified using DNA barcoding and species-
specific primers; the other three are held at the Institute of
Biology, Vietnam Academy of Science and Technology.

The genetic material consisted of muscle tissue from an
adult male silver-backed chevrotain collected in Ninh Hoa,
Khanh Hoa Province, in October 2022. Distribution data were
collected through semi-structured interviews and camera-trap
surveys in potentially suitable forest areas.

2.3. Research methods

Twenty-six cranial measurements were taken using a

standardized system for Tragulidae and Tragulus. Data were



analysed using descriptive statistics, principal component
analysis (PCA), Mann—Whitney tests with Benjamini—
Hochberg correction and Cliff’s delta effect sizes. MANOVA
was treated as supporting evidence because the number of
variables approached the sample size and the covariance
matrix could be singular.

Total DNA was extracted using a QIAamp DNA Mini Kit.
Sequence data were generated on the DNBSEQ platform; the
mitochondrial genome was assembled with GetOrganelle,
annotated with MITOS2 and manually curated in Geneious
Prime. A Maximum Likelihood tree was reconstructed in 1Q-
TREE with 1,000 bootstrap replicates. Kimura two-parameter
(K2P) distances among Tragulus species were calculated from
cytb sequences.

Distribution data were collected through 96 semi-
structured interviews and camera-trap surveys at 11 sites.
Images were managed in digiKam and camtrapR, with
independent events defined using a 60-minute threshold. A
single-species, single-season occupancy model was fitted in
the R package unmarked, with detection probability adjusted
for camera-operating effort.

Potential distribution was extrapolated from the
occupancy component onto habitat rasters and restricted using
a natural-forest mask. The results were used to describe trends
and guide additional surveys, not as the actual range boundary,
a density estimate or confirmed evidence of core habitat.



Environmental covariates included dry, semidry,
evergreen, remoteness and elevation, standardized as Z-scores.
The detection component was fixed as p(effort), where effort
was the number of valid camera-operating days in each survey
occasion. Models were compared using AICc, AAICc and
Akaike weights.

Threats were assessed by integrating interviews, field
observations, GIS/remote sensing and land-use plans to 2030.
Conservation measures were developed through SWOT
analysis and in-situ conservation principles, considering
differences in management, livelihoods and development
pressures among areas.

Environmental and habitat variables represented
ecological hypotheses for the species. Dry forest, semi-dry
forest, evergreen forest, elevation and remoteness were used
to explain occupancy. For potential-distribution prediction,
extrapolation was restricted to natural forest and excluded
settlements, agricultural land, plantations and roads to reduce
predictions outside ecologically meaningful habitat.

Threat assessment and conservation planning did not rely
solely on species records; they also integrated interviews, field
observations, land-use plans to 2030 and site-specific SWOT
analyses. This approach linked biological evidence with local
management conditions.

PART 3. RESULTS AND DISCUSSION



3.1. Morphological characteristics of the silver-backed
chevrotain

3.1.1. External morphology

Camera-trap photographs showed that the external
morphology of the silver-backed chevrotain (7ragulus
versicolor) was consistent with the original description and
previous records. Its most distinctive feature was a clearly
divided pelage pattern: the head, neck, shoulders and anterior
body were reddish brown, whereas the posterior body,
especially from the mid-back to the rump, was silver-grey.
This contrast is an important field and camera-trap character
distinguishing it from the lesser mouse-deer.

Clear photographs showed a small body, slender legs, a
narrow head, pointed muzzle and relatively short ears,
consistent with 7Tragulus. The abdomen and inner legs were
generally paler than the back and flanks; horns and antlers
were absent, as expected for Tragulidae. Because external
morphology was assessed mainly from camera-trap images,
body mass, body length, shoulder height and sexual
differences were not directly quantified.

Overall, the camera-trap data confirmed the diagnostic
characters described previously, particularly the bicoloured
pelage with a silver-grey posterior body. This feature is useful
for rapid field identification and image processing; unclear
images or incomplete specimens should, however, be
evaluated using cranial or genetic evidence as well.
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3.1.2. Cranial morphology

Analysis of seven adult skulls showed a cranial length of
91-99 mm, width of 32-36 mm and height of 2628 mm. The
skull was lightweight and tapered toward the muzzle, with the
facial region more developed than the braincase, consistent
with Tragulus morphology.

The skull tapered toward the muzzle, the facial region
exceeded the braincase, the cranial vault was slightly flattened,
and no prominent sagittal crest was present. These features
conform to the general Tragulus form and add descriptive
cranial data for a narrow-range endemic species represented
by very few specimens.

Comparison of 26 measurements across 27 specimens
showed that the silver-backed chevrotain was larger in 23 of
26 measurements. The first two PCA axes explained 77.71%
of total variance; PC1 accounted for 67.79% and mainly
represented overall cranial size. Mann—Whitney tests
identified p < 0.05 for 23 of 26 measurements, which
remained q < 0.05 after Benjamini—Hochberg correction.

Six length measurements—BPL, LM, CBL, MLL, LTL
and UTL—were all greater in the silver-backed chevrotain.
Several width and height measurements, including ZW, WO,
BH, HM and BPM, also differed markedly but were strongly
correlated with skull- and jaw-length variables (r = 0.64-0.84);
the length group was therefore considered more stable for
species discrimination.
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Exploratory MANOVA produced Wilks’ Lambda =
0.0000126, F = 30.49 and p < 0.0001, consistent in direction
with PCA and univariate comparisons. Because the number of
variables approached the sample size and within-group
degrees of freedom were low, this result was treated only as
supporting evidence.

LM, BPL and CBL had high discriminatory value.
Reference thresholds proposed from the study sample were
BPL > 72 mm, LM > 73 mm and CBL > 92 mm for T.
versicolor, and BPL <70 mm, LM < 72 mm and CBL < 90
mm for 7. kanchil. These thresholds have not been
independently validated; specimens in overlap zones require
additional morphological, provenance and molecular
evidence.

A major limitation was the small sample of 7. versicolor
skulls (n = 7). Four were molecularly identified, all were
adults and measurements were repeated twice. Nevertheless,
the thresholds are reference values for the current sample and
require out-of-sample validation.

Table 1. Selected cranial measurements useful for
distinguishing the silver-backed chevrotain and the lesser
mouse-deer

Silver-backed | Lesser mouse- .
Measurement . Interpretation
chevrotain (mm) | deer (mm)

Very clear separation; proposed

BPL 67.5-86.5 SATTLS ihreshold >72 mm
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Very clear separation; proposed

LM 70.5-84.0 596726 reshold 273 mm

Clear separation; proposed

CBL 91.8-99.9 76.7-94.3 threshold 92 mm

3.2. Genetic characteristics

Sample KHO1 was sequenced on the DNBSEQ platform,
yielding 4,042,092 clean reads (1.21 GB), with Q20 =98.77%,
Q30 =95.73% and GC =43.73%. The de novo mitochondrial
assembly had a mean depth of 254x and 99.8% coverage at
>1x,

The complete mitochondrial genome was 16,317 bp long
and had the closed circular organization typical of vertebrates.
Base composition was A =32.7%, T =26.9%, C = 26.8% and
G = 13.6%, with GC content of 40.3%. It contained the
standard 37 genes: 13 protein-coding genes, 22 tRNAs, two
rRNAs and an 890-bp control region (D-loop). The sequence
was deposited in GenBank under accession PV872897.

Among protein-coding genes, cox/ was the longest at
1,545 bp and atp8 the shortest at 207 bp. The rRNA genes
rrnS (12S rRNA) and rrnL (16S rRNA) were 952 bp and 1,570
bp, respectively; the 890-bp D-loop lay between trnP and trnF.
Gene order and composition conformed to the standard
vertebrate mitochondrial genome.

The sequence was deposited as GenBank PV872897,
BioProject PRINA1303987, BioSample SAMNS50545290
and SRA SRR34936334. It is the first complete mitochondrial
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genome for the species and provides a foundation for
identification and genetic comparison.

The Maximum Likelihood tree based on complete
mitochondrial ~ genomes  supported  Tragulidac  as
monophyletic. T. versicolor formed a distinct lineage sister to
the clade containing 7. napu, T. kanchil and T. javanicus, with
99.5% bootstrap support, supporting its independent
phylogenetic position.

The mitochondrial genome length of 7. versicolor (16,317
bp) fell within the typical Tragulidae range and was
comparable to 7. kanchil (16,333 bp), T. napu (15,778 bp),
Hyemoschus aquaticus (16,225 bp) and Moschiola indica
(16,402 bp). Minor length differences were mainly associated
with the D-loop, whereas the 37-gene structure was conserved.

K2P distances based on cytbh between T. versicolor and
other Tragulus species were 15.25-18.03%, exceeding the
8.36-11.98% range among the other species. The T.
versicolor-T. kanchil distance was 15.25%. Because mtDNA
reflects the maternal lineage, these results are insufficient to
infer population structure or gene flow among populations.

The  mitochondrial genome  informs  maternal
phylogenetic position and divergence but cannot replace
nuclear or genome-wide data from multiple populations. This
limitation must be considered when extending phylogenetic
results to population-conservation inference.

Table 2. Summary of the silver-backed chevrotain
mitochondrial genome
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Parameter Value

Genome length 16,317 bp

Structure Circular, typical of vertebrates

Base composition A=327%; T=26.9%; C=26.8%; G=13.6%

GC content 40.3%

Gene content 37 genes: 13 PCGs, 22 tRNAs, 2 rRNAs and D-loop
GenBank accession | PV872897

3.3. Distributional characteristics

Ninety-six people were interviewed: 30 had encountered
or knew of the silver-backed chevrotain, 25 identified the
lesser mouse-deer, 30 knew chevrotains occurred but could
not distinguish the two species, and 11 did not know them.
Eighty-five of 96 respondents (88.5%) stated that chevrotain
numbers had declined sharply during the previous decade.

Surveys at 11 sites used 366 stations, 401 camera
deployments and 28,779 active camera-days, producing
39,590 images. The silver-backed chevrotain was newly
recorded at Krong Trai, Hon Heo, Cu Hin and Cam Phuoc Tay,
at 24 stations with 357 independent events under a 60-minute
threshold.

Independent events comprised 36 at Krong Trai, 242 at
Hon Heo, 39 at Cu Hin and 40 at Cam Phuoc Tay. Hon Heo
had the highest number of records and occupied stations.
These counts indicate detection, not density, population size
or the complete local distribution.

Including the Nui Chua National Park record published in
2019, the species is now known from five wild occurrence
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areas in Vietnam. Its known distribution is wider than
previously understood but remains fragmented and associated
with distinctive habitat patches.

At Cam Phuoc Tay, T. versicolor and T. kanchil were
recorded at different stations, suggesting possible
microhabitat partitioning, although the evidence is insufficient
for confirmation. Non-detection elsewhere may reflect
imperfect detection, local decline or unmodelled factors.

Table 3. Camera-trap records of the silver-backed
chevrotain at confirmed sites

Area Province Positive stations Independent
events
Krong Trai Dak Lak 7 36
Hon Heo Khanh Hoa 8 242
Cu Hin Khanh Hoa 3 39
Cam Phuoc Tay Khanh Hoa 6 40
Total 24 357

3.4. Occupancy modelling and potential distribution

The standardized occupancy dataset comprised 366
stations, up to 21 seven-day occasions per station and 26,315
station-days of effort. After standardization, 131 independent
events remained at 21 stations, representing 5.7% of all
surveyed stations.

The candidate set contained 13 models (M0-M12); three
failed to converge or produce AICc values, leaving ten valid
models. M5 [y(dry), p(effort)] had the lowest AICc (436.97,
AAICc = 0; wi = 0.320). M9 [y(dry + remoteness), p(effort)]
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had AAICc = 0.313 and wi = 0.273; their combined weight
was 0.593.

Table 4. Best-supported occupancy models

Model Structure AlICc AAICc wi

M5 w(dry), p(effort) 436.97 0 0.320

y(dry + remoteness),

p(effort) 437.28 0.313 0.273

M9

0.593

In M5, dry had a positive coefficient (B =0.444; p=0.010;
95% CI: 0.106-0.782), indicating that predicted occupancy
increased with dry within the surveyed data. Because M9
received nearly equivalent support and few stations detected
the species, the evidence is insufficient to conclude that the
species depends primarily on dry forest throughout the study
region.

For detection, effort had a positive but non-significant
coefficient (B = 0.149; p = 0.141; 95% CI: -0.050-0.348).
Imperfect detection must therefore be considered when
interpreting areas without records.

Predicted occupancy across the 11 sites ranged from
0.0460 to 0.0707. Suoi Tien, Cam An Bac, Cu Hin and Cam
Phuoc Tay had relatively higher values, but their 95%
confidence intervals overlapped substantially; the estimates
should not be used to infer significant differences, density or
population size.
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The extrapolated surface indicated relatively higher
values mainly along coastal Khanh Hoa and in eastern Dak
Lak. Most natural-forest area had low vy, and areas with y >
0.08 were small and fragmented.

The map reflects the spatial distribution of dry in M5 and
the prediction domain. Areas with relatively high values only
support the prioritization of additional surveys; they are not
confirmed evidence of species presence, optimal habitat, core
habitat or the actual range boundary.

The near-equivalent support for M9 means that an
additional effect of remoteness cannot be excluded. Final
interpretation therefore emphasizes the supported association
with dry while retaining explicit model uncertainty and the
need for more occurrence records.

3.5. Current threats and conservation measures

The principal threats were wildlife trapping, charcoal and
fuelwood extraction, collection of non-timber forest products,
encroachment and burning for cultivation, livestock grazing,
road construction and tourism development. Trapping, forest
encroachment and charcoal production were the most
widespread and severe.

Human pressure was highest at Hon Heo, followed by
Krong Trai. Cu Hin and Cam Phuoc Tay experienced
moderate to lower pressure. These impacts fragment and
degrade habitat and threaten the persistence of confirmed
occurrence areas.
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Four conservation objectives were proposed: (1) plan for
and secure the protection of natural forest; (2) reduce and
prevent human pressures; (3) strengthen management,
monitoring and in-situ conservation; and (4) engage
stakeholders and sustain conservation resources.

SWOT analysis indicated that Krong Trai and Hon Heo
benefit from large areas of natural forest, contiguous habitat
and potential for in-situ conservation. Cam Phuoc Tay could
connect and expand habitat with neighbouring forest blocks,
while Cu Hin may be suitable for a small OECM linked to
ecotourism if development planning is tightly controlled.

Krong Trai faces charcoal and fuelwood extraction and
dry-season fires; Hon Heo is strongly affected by urbanization,
coastal tourism infrastructure, hunting and forest-product
extraction; Cu Hin risks forest loss through tourism planning;
and Cam Phuoc Tay faces agricultural encroachment,
livestock grazing and dry-season fires.

Hon Heo and Krong Trai warrant priority consideration
because they contain large contiguous forest and broad
confirmed occurrence. Hon Heo has 13,945 ha of natural
forest but faces intense development pressure. Long-term
protection, potentially including a Hon Heo Nature Reserve,
requires further assessment of the legal framework, land use
and stakeholder agreement.

The proposed implementation pathway has four steps: (1)
share and verify research information; (2) consult
stakeholders and assess feasibility, legality and resources; (3)
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pilot feasible actions such as snare removal, patrols,
communication and monitoring; and (4) monitor, evaluate and
adapt the measures.

The proposals provide directions for converting research
results into possible action. Specific implementation must be
appraised by management agencies and stakeholders and
updated as further evidence on distribution, habitat, threats
and conservation effectiveness becomes available.

PART 4. CONCLUSIONS AND
RECOMMENDATIONS

1. Conclusions

1. In the 27-specimen dataset, the silver-backed
chevrotain differed clearly from the lesser mouse-deer in
cranial morphology. BPL, LM and CBL provided reference
values for distinguishing the species, adding a quantitative
morphological basis despite the limited material available for
the silver-backed chevrotain.

2. The complete mitochondrial genome had the
organization typical of mammals. Phylogenetic analysis and
genetic distances showed that 7. versicolor is a clearly
differentiated Tragulus lineage, adding molecular evidence
for its independent taxonomic position and evolutionary value.

3. Four new occurrence areas at Krong Trai, Hon Heo, Cu
Hin and Cam Phuoc Tay expanded the known but still
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fragmented distribution. Modelling showed a positive
association with dry; areas with relatively high predicted
values in Khanh Hoa and eastern Dak Lak should be
prioritized for further surveys and long-term monitoring.

4. Trapping and forest-habitat loss are the principal threats.
Conservation should emphasize in-situ protection linked to
habitat management and stakeholder participation.

2. Recommendations

5.Strengthen protection at the four confirmed occurrence
areas, initially by controlling trapping, limiting forest loss and
degradation, and maintaining periodic = camera-trap
monitoring.

6.Extend surveys to areas with suitable habitat and
relatively high predictions but no confirmed records,
particularly in Khanh Hoa, eastern Dak Lak and low-elevation
coastal forests of Lam Dong.

7.At Hon Heo and Krong Trai, continue assessing legal
conditions, land use, management mechanisms and
stakeholder agreement to select appropriate long-term
protection; consider the potential establishment of a Hon Heo
Nature Reserve.

8.Continue ecological, population-structure, habitat-
connectivity and population-genetic studies using more
samples and nuclear or genome-wide markers to support
future planning, conservation, rescue and conservation
breeding.
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