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TOM TAT

Nghién ciru ndy diéu tra cdc kiéu di chuyén cia hai dong cd ngwa van, AB va TL, trong mt
méi truong da dang. Sir dung phdn tich hinh anh va cdc céng cu thong ké nhwe DY léch (Skewness)
va P nhon (Kurtosis), cdc nha nghién cieu da phan tich dwong di di chuyén cé nhdn, mat dé vi tri
va khodng cdch boi. Két qua cho thdy suw khdc biét ddng chii ¥ trong cdch cdc dong cd ndy thich nghi
voi sy phirc tap ciua moi truong, ddc biét la trong cdach chung phdn tan va duy tri khoang cach boi
nhdt quan. Nhitng phdt hién nay gép phan lam sang t6 cdc phan iing hanh vi da dang ciia cé ngua
van doi véi sw thay doi ciia méi truong.

Tir khoa: moi truong khong déng nhat; hanh vi di chuyén; d6 nhon; do 1éch; ca ngua van

1. Giéi thiéu

Ca ngua van (Zebrafish-Danio rerio) 1a mot loai ca nuéc ngot nho, séng theo dan va
thuong dugc s dung lam mé hinh trong nghién cuiu sinh hoc (Collignon et al., 2016; Quach
etal., 2013). Cangua van dugc st dung rong rdi trong nghién ciru khoa hoc, dac biét la trong
cac linh vuc di truyén hoc, phat trién, sinh hoc than kinh va doc chat hoc.

C6 hai dong ca ngua van phé bién duoc st dung trong nghién ctu 13 AB va TL. Cé
ngua van loai AB Ia dong ca ngua van hoang di duoc st dung rong réi trong nghién ctu
khoa hoc. Chling c6 mau sic co thé soc den tring xen k& Dong ca AB rat khée manh, d&
nudi va sinh san trong diéu kién phong thi nghiém. Dong ca TL ¢6 ngudn gbc tir dong AB,
duoc lai tao dé c6 co thé trong suét, thuan loi cho viéc quan sat cic co quan ndi tang va qué
trinh phét trién phoi. Hanh vi chuyén dong cia ca ngua van chiu anh huong boi nhiéu yéu
t6, bao gdm moi truong séng, sy twong tic voi dong loai va cac kich thich bén ngoai
(Collignon et al., 2016; Quach et al., 2022).

Hanh vi di chuyén theo nhdm 1a mét hién tuong phd bién & nhiéu loai dong vat, bao
gom ca c& ngua van. Cac nghién ctru trude day da chi ra rang ca ngua van c6 kha ning diéu
chinh hanh vi di chuyén cua chiing dé thich nghi véi méi trudng sbng. Tuy nhién, van con
nhiéu cau hoi chwa dugc giai dap vé cach thuc ca ngua van diéu chinh hanh vi di chuyén cua
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chung trong cac moi truong khac nhau, dac biét 1a khi méi truong song thay ddi tir ddng nhat
sang khong dong nhat.

Nghién ciu ndy sir dung cac phuong phap phan tich hinh anh dé theo déi quy dao,
phan b mat do vi tri va khoang cach boi ctia ca thé. Cac thong sé thdng ké nhu Skewness
va Kurtosis duoc sir dung dé phan tich chi tiét hon vé dic diém phan bé cua dix liéu chuyén
dong caa hai dong ca. Vi gia thuyét hai dong ca ngua van AB va TL s& thé hién su khéc
biét trong hanh vi di chuyén khi méi truong séng thay doi tir ddng nhét sang khong dong
nhat. Cu thé: Ca thé dong ca AB s& c6 xu hudng duy tri hanh vi di chuyén theo nhém chit
ché hon, ngay ca khi méi trudng séng tré nén khong déng nhat. Trong khi d6, dong TL s&
¢6 xu hudng phéan tan hon va thich nghi véi méi truong khong ddng nhét bang cach thay doi
hanh vi di chuyén cua ching. Bai viét ndy nham muc dich kiém tra gia thuyét nay va cung
cap thdng tin chi tiét vé hanh vi di chuyén cua hai dong ca ngua van AB va TL trong moi
truong khong dong nhat.

2. Doi twong va phwong phap nghién ciru
2.1. Doi twong nghién ciru

Ca ngua van dong AB va dong TL duoc sir dung 13 ca trudng thanh, duoc nudi khoang
18 thang tudi, chiéu dai cua ca hai dong c& khoang 3.5 cm. Dong ca AB c6 da soc ngua van,
dudi va vay ngin, dong ca TL c6 da dém, dudi va vay dai va co rau (hinh 1).

A

Cangua van TL B Ca ngua van AB

Hinh 1. Hinh dnh cé& ngua van dong TL (A) va AB (B)

C4 duoc nudi trong bé 55 lit, & nhiét do 27°C, 6 man 500uS va chu ki sang-tbi 10
gid sang: 14 gio téi; Ca duoc cho an 2 1an mdi ngay; Nudc trong bé duoc duy tri ¢ pH 7.5
va ndng do NO?~ dudi 0.3 mgl~'. Bé thi nghiém kich thuéc 100cm x 100cm x 30cm,
thanh bé duoc dan gidy tring, muc nuéc 10cm. Hai dia nhwa tron mau xanh, dudng kinh
10cm, chiéu cao 15cm duoc treo cach mit nude 5cm, duoc bé tri trong bé dé tao moi trudng
khong ddng nhat. Cac dia duoc dat cach nhau 70cm va nam trén duong chéo cua bé. Hanh
Vi ctia ca duoc ghi lai trong 1 gio bang camera Logitech® HD Pro Webcam €920, do phan
giai 1920 x 1080, toc d6 15 khung hinh/gidy. Viéc ghi hinh duoc thuc hién vao cac thoi
diém khéc nhau trong ngay, d6 sang duoc dam bao bai 4 dén huynh quang 80W duoc dit &
mdi bén cua bé, trén san va hudng vao cac thanh bé dé cung cap anh sang gian tiép. Video
dugc phan tich bang phan mém theo ddi ddi tugng dé xac dinh va ghi lai toa d6 (x, y) cua
ting ca thé trong méi khung hinh (Collignon et al., 2016; Séguret et al., 2016).
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T dit liéu toa do, quy dao chuyén dong cuaa ting cé thé duoc xay dung va cac thdng
s6 lién quan dén quy dao (46 dai, toc do, huong di chuyén, gia téc) dugc tinh toan. Toan bo
thi nghiém duoc 13p lai 10 lan dé dam bao tinh khach quan va do tin ciy caa két qua.

2.2. Phwong phdp nghién ciru

Trong nghién ciu ndy, ching toi st dung hai phuong phap théng ké quan trong 1a do
léch (Skewness) va d6 nhon (Kurtosis) dé phan tich dir liéu khoang cach chuyén dong trung
binh cua hai nhém cé thé AB va TL. Dudi day 1a gidi thiéu chi tiét vé hai phuong phép nay
(Kim, 2013):

2.2.1. B¢ léch (Skewness)

Do léch 1a mot dai luong do luong mic do bat d6i xting ciia phan phéi dir liéu so voi
phan phéi chuan. Cong thic tinh:
i=1(x — x)3

(n—1)s3
trong d6: x; 1a gié tri cua quan sét the i, 1 gia tri trung binh cia mau, n 12 sé lwong quan
sat, s 1a d6 léch chuan cua mau.

Y nghia: Néu Skewness = 0: Phan phdi dit liéu d6i xang; Skewness > 0: Phan phdi
léch phai (dudi phan phéi kéo dai vé phia bén phai) va Skewness < 0: Phan phdi léch trai
(dudi phan phdi kéo dai vé phia bén trai).

2.2.2. D¢ nhon (Kurtosis)
D6 nhon 1a dai luong do ludng d6 "nhon™ caa dinh phan phéi dir liéu so véi phan
phdi chuan. Cong thuc tinh:
Di=1(x; — x)*
(n—1)s*
trong do: x; 1a gia tri cuia quan sét thir i, % 1a gia tri trung binh ciia mau, n 1a sé lwong quan
sat, s 1a do léch chuan cia mau.

Y nghia: Néu Kurtosis = 3: Phan phdi c6 d6 nhon twong duong véi phan phdi chuan,
Kurtosis > 3: Phan phéi nhon hon phan phdi chuan (dinh cao va tap trung) va Kurtosis <
3: Phan phdi bet hon phan phdi chuan (dinh thap va dan trai).

Bai viét nay da sir dung Skewness va Kurtosis dé phan tich dit liéu khoang cach chuyén
d6ng trung binh ctia hai nhom cé thé AB va TL. Khoang céch trung binh gitra céc ca thé 1a mot
chi s do ludng mirc d6 gan giii hoic xa cach gitra cac con ¢4 trong mot nhém. Mai nhdm cd 5
ca thé dugc quan sat dong thoi, khoang cach trung binh chuyén dong duoc xac dinh bang céch
tinh todn khoang céch giita mdi cap c4 thé trong nhom tai mdi thoi diém nhat dinh, lay trung
binh cua tit ca cac khoang cach nay. Khoang cach trung binh = (Tng cua tit ca cac khoang
cach gitra cac cap ca thé)/ (Sb lwong cap ca thé). Tong cong mdi lan thi nghiém trong 1 gior co
54000 gié tri khoang cach trung binh. Viéc so sanh cac gia tri Skewness va Kurtosis gitra hai
nhdm nham danh gia mtc 46 d6i xtng cua phan phéi khoang cach chuyén dong va danh gia
do tap trung cua khoang cach chuyén dong. Van dung phan b6 Skewness va Kurtosis s& gitp
hiéu r5 hon vé dic diém phan b cua khoang cach chuyén dong, tir d6 so sanh va rat ra nhiing
két luan vé sy khac biét trong hanh vi di chuyén giira hai dong ca AB va TL.

Skewness =

Kurtosis =
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3. Kétqua
3.1. Phén tich quy dao
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Hinh 2. Quy dao cia 05 con c& ngua van dong AB (a) va TL (b) trong 01 phut

Hinh anh quy dao di chuyén cua 5 ca thé AB Zebrafish (hinh 1a) va 5 c& thé TL
Zebrafish (Hinh 1b) trong 1 phut dau tién cho thiy su khac biét trong hanh vi di chuyén cua
chdng. Trong hinh anh quy dao cua AB Zebrafish, ca thé c6 xu huéng di chuyén theo nhém
va tap trung o ria bé, dic biét 1a cac goc. Diéu ndy co thé 1a do chiing dang kham pha moi
truong maoi va tim kiém sy an toan ¢ gan thanh bé. Nguoc lai, hinh anh quy dao cua TL
Zebrafish cho thiy c4 thé di chuyén phan tan hon, khéng tap trung rd rang ¢ ria bé. Hanh vi
nay phd hop véi md hinh chuyén dong ngau nhién, trong d6 ca thé c6 thé di chuyén theo
huéng ngau nhién hoic theo hudng cua cac ca thé 1an can.
3.2. Phdn bé mat d vi tri

Hinh anh colormap vé phan b6 mat do vi tri cua hai nhom ca AB Zebrafish va TL
Zebrafish trong 1 gio (Hinh 2) cho thdy ca hai nhom déu c6 xu hudng tap trung & cac goc va
doc theo thanh bé, thé hién qua mau sic ddm hon & cac khu vuc ndy. Ca hai nhém déu cé
mat d6 thip & khu vuc trung tdm bé va c6 xu hudng tranh céc vat thé tron & gitra bé. Tuy
nhién, nhém AB Zebrafish c6 mat do phan bd déng déu hon doc theo thanh bé, trong khi
nhom TL Zebrafish tap trung cao hon & mot s6 goc nhat dinh. Nhom AB Zebrafish ciing di
chuyén vao khu vyc trung tm bé nhiéu hon va it tp trung xung quanh céc vat thé tron hon
so v6i nhém TL Zebrafish.,

Colormap for 5 AB Zebrafish in 01 hour

Colormap for 5 TL Zebrafish in 01 hour
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Hinh 3. Colormap vé phan bé mdr d vi tri ciia AB Zebrafish (bén trai)
va TL Zebrafish (bén phai) trong 1 gio
Su gidng nhau trong viéc tap trung & cac goc va thanh bé co thé 1a do dic tinh chung
cua loai ca ngua van, vi du nhu tap tinh bam vao bé mat hoac tim kiém su che chan. Su khac
nhau vé mat do phan bd c6 thé lién quan dén su khac biét vé di truyén hoac hanh vi giita hai
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dong ca AB va TL. Vi dy, dong TL c6 thé nhay cam hon v&i cac vat thé trong méi trudng
hodc co xu hu:g’mg tu tap manh hon.
3.3. Phdn bo khodng cdch trung binh

0.06 ¢ T g - g 1 0.06

skewness = - 0.7043 skewness = -0.0938
005 kurtosis = 2.7658 1 0.05 kurtosis = 2.7445

4] 0.01 0.02 0.03 0.04 0.05 0.06 0 0.01 0.02 0.03 0.04 0.05 0.06
(m) (m)

Hinh 4. Phan bé khodng céch trung binh ciia AB Zebrafish va TL Zebrafish trong 1 gio

Phan tich hai hinh anh biéu din phan bé khoang cach trung binh caa hai nhém ca AB
Zebrafish va TL Zebrafish trong 1 gio (hinh 3) cho thay, nhin chung, ca hai phan bb déu cé
dang gan giéng nhau, tap trung & khoang céch trung binh tir 0.025m dén 0.04m. Tuy nhién,
c6 mot s6 diém khéc biét dang chi y. Phan bd cia nhém AB Zebrafish c6 dinh nhon hon va
léch trai 16 rét (skewness = —0.7043), trong khi phan b ciia nhém TL Zebrafish can dbi
hon véi dinh thap hon (skewness = —0.0938). Diéu nay cho thiy ca thé AB Zebrafish c6
xu hudng boi gan nhau hon, trong khi ca thé TL Zebrafish phan b khoang cach dong déu hon

Kurtosis ciia ca hai nhom déu xap xi 2.7, thap hon gia tri 3 cua phan bd chuan. Piéu
nay cho thiy ca hai phan b déu bet hon so véi phan b chuan, tic 12 dit liéu phan tan rong
hon. N6i cach khéc, ca thé AB Zebrafish c6 xu huéng boi gan nhau hon, tao thanh nhom
chit ch& hon so véi c& thé TL Zebrafish. Ca hai nhom ca déu c6 sy phan tan vé khoang cach
boi, khong tap trung hoan toan & mot khoang céch nhat dinh.
3.4. Phdn tich két qud Skewness va Kurtosis

Két qua nghién ctru, duoc thé hién trong hinh 4 va bang 1, cho thay su thay dbi dang ké
trong hanh vi di chuyén caa ca hai nhom ca AB Zebrafish va TL Zebrafish khi méi truong sdng
chuyén tir dong nhét sang khong dong nhat. Sy thay doi nay duoc phan anh rd rang qua hai théng
s6 Skewness va Kurtosis, dai dién cho d6 léch va do nhon cua phan bé khoang cach boi.

25 ° 9 o
® AB Zebrafish o el IE.ISh
2 @ TL Zebrafish 8 @ TL Zebrafish
L ]
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Hinh 5. Biéu do thé hién su thay doi ciia Skewness va Kurtosis cia hai nhom ca AB
(mau do) va TL (mau xanh) trong 10 lan thi nghiém (Replications)
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Bdng 1. Két qua Skewness va Kurtosis cia hai nhom c& AB va TL
trong 10 lan thi nghiém

Replications 1 2 3 4 5 6 7 8 9 10
AB -0.68 -0.64 -0.25 -0.12 0.03 0.07 022 0.46 0.61 0.74

Skewness
TL -0.5 -0.41 -0.13 0.11 0.13 0.63 0.98 1.15 1.7 243
AB 1.62 1.77 1.92 193 1.99 2.15 2.19 234 2.63 2.8

Kurtosis
TL 1.82 1.87 2 2.03 221 247 2.77 322 4.89 8.8

Dé dé dang so sanh, két qua cua 10 lan thi nghiém trong Hinh 4 va Bang 1 duoc sap
Xép theo thir ty ting dan cua Skewness va Kurtosis, mac du ther tu thuc té caa céc lan thi
nghiém la ngiu nhién. Céch trinh bay nay gidp 1am ndi bat xu hudng thay ddi hanh vi cua
hai dong ca khi méi truong song thay doi. Cu thé, Skewness cua nhom AB Zebrafish ting
dan tir gia tri &m (—0.68) Ién gié tri duong (0.74), cho thdy su chuyén ddi tir phan bé léch
trai sang léch phai. Didu nay cho thiy ban dau cac ca thé AB c6 xu hudng boi gan nhau,
nhung sau d6 dan phan tan hon khi méi truong trd nén khong dong nhit. Nguoc lai,
Skewness cua nhom TL Zebrafish tang manh tir gia tri &m (—0.50) 1én gié tri duong 16n
(2.43), cho thay sy phan tin manh m& hon vé khoang cach boi khi méi truong thay doi.

V& Kurtosis, ¢a hai nhom déu 6 Kurtosis ting, thé hién xu huéng tap trung dit ligu quanh
gia tri trung binh. Tuy nhién, Kurtosis cua nhém TL Zebrafish tang rat manh tir (1.82) Ién
(8.80), cho thay su dong nhat cao vé khoang cach boi khi moéi truong thay doi, trong khi nhom
AB Zeb(afish van duy tri mue do phan tan nhat dinh véi Kurtosis tang tir (1.62) Ién (2.8’0).

Két qua nay cho thay Skewness va Kurtosis c0 thé dugc xem xét nhur hai thong so hiu

ich dé danh gia su thay doi hanh vi cia nhém cé thé, dic biét 1a trong viéc phan tich chuyén
dong cua ca ngua van khi moi truong sdng thay ddi tir dong nhat sang khong dong nhat.
Skewness c6 thé duoc sir dung dé danh gia mirc ¢ phan tan hoic tap trung ciia nhém, trong
khi Kurtosis c6 thé duoc sir dung dé danh gia mirc d6 d6ng nhat vé hanh vi caa nhom.
4.  Kétluan

Nghién ciru nay di phan tich hanh vi chuyén dong cua hai dong ca ngua van AB va
TL trong moi truong khong ddng nhat. Két qua cho thay su khac biét rd rét giira hai dong ca
trong cach chung thich nghi véi moi truong. TL Zebrafish c6 kha nang thich nghi cao hon
v6i méi trudng khong dong nhét, thé hién qua su phan tan manh mé va khoang cach boi
ddng déu. Skewness va Kurtosis 13 hai thdng sé hiru ich dé danh gia su thay d6i hanh vi cua
nhém cé thé trong moi truong khong dong nhat. Skewness ¢6 thé dugc sir dung dé danh gia
mtrc d6 phan tan hodc tap trung caa nhdm, trong khi Kurtosis ¢ thé duoc str dung dé danh
gia mtc do ddng nhat vé hanh vi ciia nhém.

Nghién ctru nay cung cp thdng tin hitu ich cho viéc hiéu rd hon vé hanh vi tap thé caa
ca ngua van va c6 thé tng dung trong cac linh vuc nhu sinh thai hoc hanh vi, robot hoc va
tri tué nhan tao.
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ABSTRACT

This paper presents a study on the movement behavior of two zebrafish strains, AB and TL, in a
heterogeneous environment. Employing image analysis techniques and statistical parameters,
specifically Skewness and Kurtosis, we analyzed individual trajectories, positional density distributions,
and swimming distances. The results reveal significant differences between the two strains in their
adaptation to environmental heterogeneity, particularly in their dispersion patterns and the
maintenance of uniform swimming distances under varying conditions. These findings shed light on the
diverse behavioral strategies of zebrafish strains in response to environmental complexity.

Keywords: Heterogeneous environment; movement behavior; Kurtosis; Skewness; Zebrafish
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