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Science) MA%CEHE FEEAT T SCRAZ 48, JEAIH
SCHR VA X SCHR AT i AR BN A3 Ar . T
A SCHIETE W K 5 SRR DG Y R SRR AR, Sy
B R A 2R SCHR I HER 1, A< SCHE Web of Science H?
R ISR IR 1R, KRR 20134E 1 H
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SCHR, 2 T R e b FRAL ARG 628 1R STk . AL
i 17 HistCite 1 VOSviewer B4 %] 3 SCHk 3t 47 0]
WAL o

F1 WOSEHFITHRERXER (BARUNEETE)
Table 1 Retrieving keywords in WOS index (Classified by different platforms)
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M % SCBUE 22, Minist Agr & Rural Affairs TE R I % SCIRZ .

s 1% /i 1%
60 116.00 50 1 20.00
45 18.00
A0 [0 40 16.00
12.00 35 14.00
40 :
10.00 - 12.00
30 8.00 25 10.00
6.00 20 8.00
20 :
W 5
10 .
2.00 5 2.00
0 0 X B b 3\ » N
&) 9 Q Voo
X NS Y QY Y v
$ MM N
A
(a) A s 5t A (b) FFEeh Yot
(a) Wildlife statistics chart (b) Domestic animal statistical chart

m—CCHRIOSREL —— R R SCHRT & s
T Bl SR8 A 5 SCREAF e S M i A S L EE 4 i R

Fig. 1 The annual publication volume and proportion of articles on animal remote sensing and telemetry
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Fig. 2 The number of published articles on animal remote sensing and telemetry by country (Top 9)
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T 23R A S WA S0 HARR Z 1 IR
A OGP L R 3R, X i BT A 3 45 s i i

GE) T MW R A S MR R L TR SR sh )4
W & SC B 2 1) 3 ) J& Computers and Electronics
in Agriculture, A 41 FFRFFNYAHIB L, KX
W 2 S AR M S R = U R ), 3R
W T AES IR S Y, AR E BRI A5 7
XA T B9 i AR & .

F2 WOSZE THEHNMMRFHNWHEALHEZRNTMEXEHEFR RIEXHHSZ)
Table 2 Table of journals and number of articles published on wildlife and domestic animals indexed in
Web of Science (WOS) (Ranked by number of articles)

f 3
s P S 22 ST BV SRS ST e

1 Remote Sensing 23 Computers and Electronics in Agriculture 41
2 Plos ONE 12 Animals 15
3 Marine Ecology Progress Series 11 Journal of Animal Science 9
4 Frontiers on Marine Science 9 Sensors 9
5 Computers and Electronics in Agriculture 8 Biosystems Engineering 6
6 Methods in Ecology and Evolution 8 Journal of Dairy Science 6
7 Animal Biotelemetry 7 Mammalian Biology 6
8 Ecology and Evolution 6 Tropical Animal Health and Production 5
9 Fisheries Research 6 Ecological Informatics 4
10 Movement Ecology 6 Plos ONE 4
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AT RE W SR T 2t Wi 0 1 2 A 3l 49 5 R 058 22 1] £
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TN WA T i o X BB R RS ALY B F AT B A 1 A
PRI SR FE . AT AR AR R
fEIHAE, b A ORE A B A N A A B
et TE BRSO . A S R 1T AE
SR A R FE R, 3l A T B (TR R

X 103 S 0 BP9 . 2 T P
HBHA (TR M A% . EABLEAR)
RUEWEA (1 CPSIBER . FIEIEWN) HT £
XTE MG, RISk 250
LT R AT SR BN | RO AR R
AL PR A B LR o, R FFLELAT 53
S 06 TR B9 BN ST A B 9 P 19946
AV T HAERTOFIE. %39 — 33 FIIE
B 45k T R TSR R RO B
HOSFREEMR) AT AR BT R Bt gy MO DAROVPRR BT RN TR RAIE
B [ MR . TSR R S BRSSP UURIRT BB RS -
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Table 3 Common remote sensing indices and their sources
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\ yﬂ~ﬁ:§ﬁffﬁ%ﬁm§&(NDY1)\igaiifﬁ TR 125 R 5 B 0 T MODIS%?Ufﬂuu\
SWAEHREE s B (EVD i AR £ (LAD (i T T A M B e Landsat A4 | 30—1000
et (PsnNet) JBHRER A Ml e e BB R T Sentinel TL 4L
U5, X B AT S5 b 5 o3 A SE A TS
o MR BRI W Landsat TSR HE
S g 1 A frsnye 5 WO 2 ) O o R S M e R 152 1 M0 25 M P 30—1000
AR a WEBE TR BE (SST) IR |, vy o ke i Modis 4177 i Landsat %
SRR RASHE L (SBT) 56 05 i (SSH) pg e, OV HTERNSE PO R UIREL i el B 10—4000

TR A B O S S PR S IS

S5 SeaWiFS i 4
x4 WNHEHY R D EHEXBIE
Table 4 Detected animals and related satellite data
Y LA S3HEE m E= BTN
PN Péiades—1 2105 (Zhao % ,2021)
KAIFAL s (A 5 BT Geokye-1 416,0.41 (Xue %§,2017)

WorldView—3

46031 . 240 1.24

K4 (Duporge 25 ,2021)
WorldView— 4 266,031,261 1.24
s WorldView—2 211,05 (Wu%,2023)
fRERE GeoEye—-2 48,041 (Duporge % ,2021)
it WorldView—3 26,031 . 2605 1.24 (Cubaynes %%,2019)
T M 2 A Péiades—1A 4:150.5 (Correa®,2022)

3.1.1 BFHAEDYMHEEMR

YIS MBI 5 15 TR A LA S an el e |
A A S o X — SR T 5T 2T S A
AN TR) BR 05 PR 2R T B e e R s 4 5 AT AR
W TSk RS KA S AE 2 AR
8 3 foft ) 2 e SR AR AT AR AT O
A B RL2 K T PR B RS TR, X YRl
R S EMIEE TR RAERRETE L.

TE B A S MBI TS v, T T B A P il

() T 1 5 TR A L b Y S 1 A2 2 B A BE R R 1 5
] o TF 10 T G S T S TR T A AR R a R
| HERRIR R R T ok B A B AR B VA G . AT
FEN G N 52255 GPS T, 45 &l IR BT
BHE T SRR T8 B BRI (Garcia—Quintas 5%,
2023; Santos %, 2019; Scales %%, 2014). W4k,
T 15 1 A R AT T L JE T Rl A TR AE
B WG IE RS | MR R B R e
P, it ag R o W AT R YRS 0 R A
febr. WITTRES ) )1k, Garcia—Quintas 55 (2023)
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Fig. 7 Livestock body size measurement process based on statistical shape model (Luo et al., 2023)
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2015; Shaw %&£, 2021; Vayghan #1 Lee, 2022) .
Miller 55 (2015) 38 i< {7 FH 2h 4y 48 7 T 2 e ol B
HORFH BN (EO) 1EFARIPCAY BB H I,
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TR ) 2 TR HA B e PR R
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T2 J% 5 T 0 A RSB T T O R P AR A, &6
132007 4F—2016 AF AU B it , P T Bt 8
HRTRY, RE o T A £ A 2 B A, R T R R
AT RRSEA P B . BREE R R Ak RO G B Y A2 Ak
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SR A Z MW AATERE YR, Dhellemmes
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BOERLG . PRI I R SR B o
T2 ) 14 22 ) 7 i DA R R PR A A2 T 25 T B
A B = PN € TN e R S il e
BrHa e, ATLCA RO B AR 5 AR RS, S8 s
JZ RORG A B4 A 2 M

3.1.2 HAEDIMIEHRAR

BN TP 2 B W 1 I 1 DU B 5 Y — A
G, RS B W R AR IR G R T O
YEH o S0 PE 0T Al T 1 a5 3 ) 7
A, R 252 GPS I ks ok i T
RO EAAE B, NI iR fE i 2 (Li %%,
2023a; Zhang %%, 2013). ZhangZ5 (2013) [T
FER R, MR T 2% 7 A = R AR 5 2R i
A B, TR EME b i b R IR A
AR IEO, BRSNS PR Bk B AR AT X L
SAT. Li%E (2023a) 11 A1 BAE— 253 i sl A A5 B
Vriz s RIWE Y 1 AR 7 VS IE R R R 7
FRAE, & IR B M A 00 B M A e 1% . S PR
PR GEPERp i AT RS, X
PRy g i e St TR IR . Gibb&E (2017)
i F Metop/ASCAT T35 4 {4t % v v XU 554l AF
58 T RVGESE QRS —Fh) 7856 & FE ik 72
o, TEAS R XGE S50 0 RATAT . AR
AR FRATTIE 7~ T 1 A AN [R) A58 45 44 1) A 3
MHLE, BB R T IRATX A AR SR
PR o AR R 1 RS T 5 AT T K
P SCHE, Lhangs & S 2 AR 0 3= B2 8 A8 T
B EEE (MFEE (LST) . H— L & EAE b
8% (NDVD) %) RSN ImLS, Hl T
MRS A5 B B BRI, 5 20T B 0RT A0 AR AT
Pk AR (Moreira %5, 2022).

PrTHHTIAEZERSENEA, I2HEE
H G R TR ) . R E IR E T
R T AU IR, B S, DU RS
g AR AR, G KAT PR 525, Shamoun—
Baranes %% (2016) |8 554l - & 1 nl 44k Oy
B, R T SRIERMEMELS R IIT A . CuidE
(2019) DU H B R Bl #R B 1T 2 rh AR i sh i i)
B AR R, PR 5 2 Q] i AT SR B
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THEZHHE. AN, Newcombe 28 (2019) Ffiff
SRR, 52 AR AU ) R T R AT SRS,
DA e B, R KRR B 52, X Ry i —
WIS AT T IR T B SR

Fili 1, 50 ) %) 3 G AR 00 R PR B RS
HEM AR, J@ it GPSiA B o s W 1 i AT
N RHTEA AR BRI, BRI YRR
AWM E N CHNER, EENE
Wy U553 A e 08 (2 2 fili b 2h 4 3 1 2 JAR (%) #7751
F4: (Robb %, 2019). Bartlam—Brooks %% (2013)
MR IR T AR @ 1, BFoE T TR A8
I P P58 2% A0 X T % BUAM B S5 32 BE 19 S B 3 A
B s sl RS . X T KA SIS , s i ik
M AR R R R M EE T H, JUH
SR ST PR A s R B L I AR A S b
IR E (Doherty%, 2017; DoubleZ¥, 2014; Evans
45, 2019; Hays 1 Scott, 2013). 41, Hays il
Scott % (2013) it TLA 38 ERIF 5 165 F i) 1 Bk
B, I W R R ) A sh Y (it v
WAL . 25 AT, R LB, W
(i fe RO HERE B (1050—2850 km) 5 ] {4 7 1y H:
Ty FPAEARL , 17T 454 T f 1) ST DA B 2 DU S ] 4K
RIR M PER FLsh W Ffa2s . b4k, Papastamatiou 55
(2013) I 75 27 32 I 42 AR 45 A AT 1 sh AL AN
J7USOIYEIR GRS, dE s T R e A AR AN [ 2y
HIEREAT 22 5 o XS =R BOR 55 S BF 5T
ST RER R R 1 B DR v AN A T AL A

TERA SR RERE S, B 7 (T R 2
WA, WFFE I8 455 HAb IR R AR AT 73 # .
Yi%: (2018) FIH OAWRS F ARBFE T fi f1 7F 25
IEPE P ) = e AT Ry, JF S BB £ A A
AN I PR AR B AR AR IR o TRl
Tsujii % (2016) =T 75 %@ W 5 B 254
5T Tty fa 3R BE R R LA S S AL vKEE SRR R
MR FR o WU S o R IR XK A 2 iy 1 3T Bk
WA EZ, Bacheler % (2019) #F5E 1 XX
T A A A S, R WX AT DL 3
i1 25 1Y 87 B P ok A MEIEBE . K 4), Brown 5%
(2022a) FI 75 27 3 0 4 AR B 5T 1 WK )T B £
0 T PR v Gy o 10 B AR S AT I B AT AE
BRI 5 SRy AT B A K AR B dn ] 3 1 45 AR Ak
P T Ry EOUL A B s SRR . BEAE OE S TR
WrBHT . Bl AT RE % T 4 b 36 25 5 W) 1Y 1

PEAT N, EREIRFT HAER
SO O M

YA 3l ) 1 R 5 1 BRI ST A S )
THEREAREREZ L, Bk HEEARNMES: T
B G R ORI 2ok B ) B A3 X LA DG TEE 3 4 1) A A
PHTE B, G T B A Rl R e 2 A R
SIS AE KRG BEAS I, 75 5 18 W W) ) 32 0K T A Rk R 55
A A 4 (Bartlam—Brooks 4%, 2013; Li 4,
2023a; Shamoun—Baranes 25, 2016; YiZ¥, 2018).
g I BE Pk A, RIS — 5 T 7R RE A T
SETtRE GBI (AN TR &P
FRUGAL . WOEABEE AR S ) , Sy — Ty AR &
Jrk RN 2 R S 5 A sk B (R
FREHE-5 . Hlds T MEEERD), 4L
RS B A4S BES HOHE A, 98 X S S A
S TP B o X SE R R0, R A
TE B w5 1 O M 0KS HE 5 I v Y TR B, Ry B A
YR GRS B A ) R PR YA SR B
HAREVER Bl 234

3.1.3 HEDHMITHHAR

FERFSE h P 2 A BE A U, R T R
GPSIB B B AR B AR B 28k, ik n] DL it 7 b
NDVI, M2r3R a e B A5 P58 7R Ak 3 4 19 2
PR o o X LT AU BT 1 3 W) i AR
PR AT PE RS AR, IR R T IR AR S
DA EHIHLZ: (Garcia—Quintas 55, 2023; Miller
5 2015; Robb%%, 2019; Shaw %, 2021). i
K, Remelgado 55 (2018) MYBFFIR AT T U
ol Sl Wy i 3% sh Bl 5 I R S5 S, ME R
EES AR STNER S S TS S RV RO TR EE
P RE B K E AT 0B, BRAUL TS TR AT AR
DEURIE B A, 4 R AR W] 1R R BE 8 TR M
b 22 G DR A3 18] o3 A AT SR AR B0, DA T 4 X
I 86 PR R S Sl WAL P A BB o TR, i)
B 43 At 5% A B B AR AR 1 5 IR Mahoney%
(2018) WFFE T 3G 45 1L X Sl ) dnfey AR 4l =5 3t
Fert (N 2R, Fh, HERZENl) H#7dE
WL PEAT Sy, 3 T O B (A R
MR T AR, DR TSN T
TEZYI 3 AT BIFE T o Rickbeil % (2020) 38 1 &
JEEOR 5 T DB 255, R T AR A xS
JKFEAT NI SE , Rl E R ER TR E LS F

BRI B
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W HEYRIEMER . HedF (2023¢) i@itsy
Mr Landsat 8 OLIFZ A8 5dE . 1k MaxEnt B2 71 S %54
AR Climate AP, BT T /00K X P 42
SRATRSEIR S5 AR T AR AR AN Bl A
W) oy A A B9 B EAE . Marston 55 (2020)
DUPHE 328 B AR 5 5 ik [l v, 26 o B B R 45 65 ki ok
W KAL) (RS ) EH 20
By X5k P A o] e 25 75 A8 Ak R R 2T 8 L R An e
5520 R 5 A E N o 7T A B L % AR B
Yy ] LAt R ARBLEG B 7 e T a5, X8
TAE (2018) M FHLLAMAMLIE A b 5 B Ak 1l E K
P B RO DR i 2 i 5 B 2R PP A0 A . TG Bl
B, A AN SR TR R 2 AR AR 5L
O3 A, BIFSE & BRI AR sh By 51y B S R
B A sh Wi B A Oy SR e EE S, RHFTFEL
TR S0 A S 15 B W AT 1 5 AR 3 G
F, TERIEXE N LTS, WA, LisE
(2014) 25 & 6 a3l 2038 5 3 8O0 1 iR R
(SST) . Vi B (SSH) SRS EE a7 A B
TR PERE AL (HSD) #ERY, IR FH AR ) 6 £
PO X, HE— 20 SRR T BRSO E W b oy A
FEPRYRI . 2B, YuZE (2016) BFFE T A
KV H4EW%S (PDO) By BExE H Al £ B £
HEHA R REI S RPEHE YR G R0 B R L
T RREAHE

110 S QS 10/ 5 NI & 1 P o3 3 e o8 o
AR (OAWRS) $5AK, WMWK A 84y
A IA 3 T H . OAWRS $7 A 33 & SR R MR 11
PRI, 5 A YR B R I R R O, g
g S XS S K A A Y R R . Jain 55
(2014) FIH OAWRS HARMSE 185 60 (4 53 A AR,
AR T HA R, KR A R L T
IR, YisE (2018) WIZ5A OAWRSH AR5 Z
TR R AR, X R TG R A R P 2R R
FE B = Yo B sh BT N HEAT T SRR, R
Tt R R A B . IEA, OAWRS 4
AR 0] T 058 A RE R 7= DU REIAR 53 7, Makris 55
(2019) LB AR ST T MRE 0 Ik T BUR 2
5530 .

7 2 3 DU B R 2 A 5 K R Bl W o A Y
— E BT B A KR B R R 2R bR
2, e A e B RIS, UF5E T LU
W 7K A= B () 3 B %42 RN o3 A B AiF o Gerber 45

(2019) FI| FH 75 23 7 RS2 HE T oK A= s o A 1
SR, W T ARBERE (E. AL B
WS B ) Aas (A RUOEE B o0 A ol ol XAk
FFRMBEgE, 75 22 B AR L BRI U s rh AN
AT M BEAAR ) 4 A, DA HE— 25 N TR XS 6 28 43 A
B BB (Taylor %5, 2021), M4k, il
FoAR XS T By AR FpRE 0 A 5 R T A B A B AR
PEVER, Li%s (2021) 3837 2% 3 I A R Wi 1
N T FHE M KATEF IR AR oL, JBR T X
—HARTEIK AR O R

XL B AR 25 A (AT AF 5T AR A% M 7 W B 13
W) 2 J2 R G KA BB 3 A5 AT, LB S
L Sh W e f5 o AR B P 25 M40 A FRAE , IR BETE
TR Bl PN 43 B A 358 DR - A e 352 i) A S bl R
Zong %5 (2023) 454 DNA (eDNA) Sig /&4
AR, I T RS AR AR, Rk
SARP R i SR T HR S Rs . WG
TG B AR 5 A W BHl RN D BB S R U
1y 1 T B0 4 o A ) AR A R B, S W R AR A R
2 HbARK A P AT IR 2 A

FERFR B A, AR E G T 2 5 H
Pebk, AL ZIEEIE I 2 PR E R | iS5
IR IR IRBE 1 Wa I 35 4 5 A2 <A 5 I 5 i) T 2 300
A7 BE AN A7 AR 1o B LA B St A TR 2 50 e BRI AR
(AN R M 5 . Sl ke sk B m) A, n] LG O R
RV B . R IR A AT . £LAMEBLIGE BE
KARGE A Y s e, SC 2 RE . Z2288E
BEAREG; K T, M Sim
(OAWRS) HIp 2z 3@ I H A W BCA RH, KOR#E
o 1 AR R K A T 2L B0 A S R AR 5
B AR S, WE A AR (n
ClimateAP) 5l B[] 7 41) 0 b 18 S0 0 50, P fk
BTSSR, HEsR O A AR i R 5 [RIB,
FEDNA (eDNA) A9 BT & KRR X A=) 2
FEVER D R 3 A py 2 il B4t TR 2855 W
HARMAEG 5 ER R AE, KA BT 5k
AT EE . RS 2, H A5
PR3 R S MK A2 P (L TEORE 40 . T 4 T A TR OR
WFE

3.14 HEYHKRNSHESMHITHR

W 2l P I 5 RO AT T IR ST, RO T A5 R
M EARTFBe, JUHJE T REEEOAR | 2 1
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BOR 5 b TR SRR o X AR B b
Rt 7R B R A T B, W T AR S B4
AR R, BRI T T R R A RO R AR
SVARSKUE, SIS R A R B A5
TERREMG T WA IR S 2
G RIHT, A S YRR R AT o AR 1
AR DURKE VBRI TR A B, PRA A 43 4 i
AR AR B RIS 3 e S HAR AR

(1) TABEEEA, TEEEE AR THEE
% FE Bl B o AR = o HE R KR, E I s
Rl 5 B it ey EE T A Z — HETEILH®E
1 TR R 43 R4 0.31 m, S 4047 8 43
FTEPAA, WA R LR A Se i1 2 W Fh i
1S W5 T LSRG A RS S I RAAE, A 740
By SIba w8 (Cubaynesfff, 2019; Duporge%, 2021;
Wuf, 2023), A& ARMNLREN B 5T 3 1)
AORE M ST PEFNI R R B, I RE BT Sh Y
HATIRA ST, DA 5], Cubaynes 55 (2019)
3 o 43 B A0 B LB RRAE RIS RRAE . 255 T3
Kl 555326, B3 1 4 RS [ 2t A, [
FE, Basedow %¢ (2019) lad TR HHE b7 T VUi
SRR oA, RN PR SR

BEE THADLE R A RE , TR EE % 2] AL ALl
Z2p2% (CNN) SFSE1Z I T 3 R 5 o
Br, (EAF SR A [ SRR B AT 2 1A AR
Ft. Duporge % (2021) Wit 45 A w0 HER D EK
GO CNN B, FEpd R w5 AR S R G sl A 3h
R oF 8 TAE R . XIS Rk TR R AR HL
ANEIE)HET YR IERT, B 1 %07 AT
DATE N GRB00 DX A RO L 3 BB 1 WA UL 3 Y
X, ERR U AL N RAE N B A

Bk, TR R RS R ] TG sh Y R e
AURLAEL . BN, Zhao % (2021) 42 T —Floprly
i, A5G AR R AMES I B R TSR EROR
WEBAG ST 1 ORISR A B . AT i R S
T AR Sh W T AR, T a Sl W A A T AR S
A Wy 0 SF- 249 T AR L ) R AT B A B, SR 2
REWZ TS N T E R T . KR,
Dearborn #il Danby (2022) #|H MODIS 4l S 5%
TREREECRE T RER I, A TR A
e A2 Aot RERE 2R Y AT BESZ I . Wu 58 (2023) T
P TR S WE I H ST, BB
PG A D AN GE i BT REm 2L 3 (an

DMBED) MR, Tk, TREERE
ARFEREEA NS o i a2 2 Wk .
FOWEE AT, BEIE N B RE S A 1Tk AR
SYIEER AL (Kizenga %5, 20215 Liu%g, 2021;
Robinson %, 2016).
RETDREBEARE Y b R T BE KW
J1, ABAE GG 2P .t H R 7R B b sl W
e, BRIREE L RIS W o A L ARG
W AESF R R A2, 23 ma U0 0 T B 1
FEAR Y S TR B 2 2 500 A 72 AL RE ot 22
A MR FF A 2 B9 (8] @1 (Duporge 55, 2021; Wu %,
2023; Zhao%%, 2021). XFF/KAESY M, A
DR | 4R TR TR 1R OB Y R R

DL S anaprs el Bl 5 sh i s 25 &, 5 25
WP I E A ME R (Kizenga 55, 2021; Liu %%,

2021). [RIB, T G B AR R 42 00 5 ds
AbFEAE R, WAEATZ AR B35 SRR 37 BB

(2) fizs @ AR . i as 18 IER 48 R 6L,
B TEAMLEFARZS 5 rh 28 7 5 3E 738 EOm i
TR A e DX S W, Sy A SRR R A
Vi 9 VR A A O ) 49U R L R A 0 25 3 U
SARME BRI E A E MAE B . S F X
MBI E L (222, 2014), ASch
WS IR AR E M AR . 1A, AR SO R
25 AR [ 3R Ek B LA S 4540
Ty R o DR AR SOHE DAL 25 5248 TS AL A~
77 616} B4 BRI 58 004 TAREA

ft 25 52 AG F AR TE Sh G I AN 3 H O T LA ik
REOL . R B CALEE B T HLAE A2 28 T LA
A E AL &, BROSTE T M B L AT
4, A KV A b T T DA
BRI AL 2, DR UL BB A% 4 L R 5 v o i A 43
HERIES . Chabot 55 (2018) >R OBIA 4% K4y
Brfizs se A%, ISl T S 28 p Rl A it gk . E
25N 4—5 em BUPEME L, IEW TIZEE AR
B, AN, LopezZs (2014) FFH & R AL
BAL, SEBF A SR K Vs AR, BE— 20 uEl]
T SARTARAE S W Y 7 o Youngentob
& (2015) WSS 4 GPSIB BTG, WF9E T AR MR
771X AR I L Sh Y R R BE 52 . Lopucki
45 (2022) D)3 Sk AL 2 RSB AR IR b T /N AL By
YT SR I 5 LA 2 2 BR ML A, 8 Kl
M AT TE BSR4 B RT LRI A M He R /N R 5l )
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(st B 7645 R B DX I 0375 Bhids 42

TETCNMLE A MR 7 i, Jo AL 2305 v
A e S ol L A s W i ) — A T AL
T ANHLBENS 75 F K Ay € AT i 8 A B8 4% a2 A1 0 4
TR, JUHEE TR R e A BT b R TR i
M (2=l - fZER, 2014) . SR, EAMLAER T
TR A AR — SE PR, R e
AR BE S A A BRI T . (AR Sh R S
fEITEE, CANLE R S AL ARG &, PokiR
FH TGRS . Oishi 55 (2018) FF & (% sh B
AR (DWA) Bk, nLATEIRAT S i sk A
B T s, o AR IR 3O 4 R
T, X—#HAREABERE. Hua% (2022) FIH
YOLOvSI6 4244 52 i 43 A7 T A AL 8 9 %, 1k
DR TR A R AIZN Y . Peng 5§ (2020) JEF
Faster R—-CNN R R AE 20 K 46 56 . B R/ fe .
ff 1 2 2R RS, TN T E AL R G R T
Az Z IR I A S PR IR R, AT S EE A Bk A 3
WER . BRU R R B A s A . T AL I J
BARBR T A7 LIt 87 AR sh B A TR BT, 8T LA
XiF B ) R RERCR SEAT A, X Sh B AR AL T 0 TR
BHARE T sh 0 0 0 A B, Biln, R4 35
(2018) LAEMIE IS £ Bo#FFE X, FIHIE AP
BT 2017 R F TP T L4, i ApLsC
By AR, ARIOR AR AR N Y BT AR B )RR 4
H, IR0 TR AR S A S AR M AR BRI
THRFR, FPAEMAZE (2023) FIFHIC AL
T R AR TR R T O A RO A A TR, R
ilh 1 ) e R4 5005 IR 40 BT 48 s R 7 1 AR B
Ve PR A, R0 HGE R S . R S
(2023) FI| FH [ 5 38 6 ALY B F 3T [ K 2% A SR 14
PIX NI (Alces alces) HEATHIFAEA, #EH—
ol 35 - T B2 JR A i A T A X3 g K AR 2
RN EBCR RN A A B T i, AR B R
DX PN S JEE A R BRI L o0 A o AR B R 22 (]
M5 FR . Bk G RS 5845
VIR ARG G, AR S S A W T R R B A
TA TR, vT R R R U A s
T Bl X SR B R B SRR IS %

T NHLIY T3 — KA 42 B A5 45 2R AR A
PEAT 7 18] B G IR BT T 1 sh ) A (Chen 45,
2023; IvanovaZy, 2022), Zhang% (2023b) #F5%
T —Fp & hE R i, BRI LD A B A

sk F i FHJC AHL (UAV) E£ 1Y RetinaNet
BOARVAY RN, = 7E S 2275 5 50 T X /N Bl uE
DLHE 09 87 A= 2h i) B AR AT HERR A I A9 BE )T o He
4 (2024) 5T T —FP 45 ALSS-YOLO Ay o) 45 42
i, LITHATF AL (TIR) AR E 4
SR, LAAR T AL A G b B A B B K
MPERE . X —FARX T — 2R 5 7 1 K 2 (1)
Y, JUH AR AL T M B
ULk, Bl TR EE 2% ) FIAL a2 ) R AWk 2
T ANHULE S I A0 19 A 3 kKA 7 42
Tt B BT A S Wi Y T

fit 2 18 BB AR AE B A= Sl Wa I RN R A o R
THERW ), B2 R HHGRE, 555 X If
fife ok Z2 Bk . XL FE BRI Ak 5 P TR R
MARGERE ., TANEES TN ite; #
YEE MR INTT R 5 LA 2 v Al 1) 22 4= 5 12 B8 )
B, B kB R B (Hua %%, 2022; Ponsioen
A, 2023) . BEAN, XTEh R R TR0 AR A A
BT AR — PR, T 25 v TR RS B A A
Mz ALBES) (IvanovaZs, 2022). MEGENPE.
AR5 Rt R S i, U R R AR R A
W2 5T, LR EAR#X (Brown
45 2022b; Chen %, 2023; Kearney%, 2023) .
Wit , ARG A . BEARA . B
G5 Y X e G RSt .

(3) Hbifi i E A . B RS AR &
J'é, T A M T SR AR A AT DX B A sh A TR
SIAIFY, A% 3Cr i T 3 R R T2 B 1 2 Al A
PUAAER BT A W . i 455 A AL AR B AR R
SRR, WFGEE T AR T sh i A SR AR 1)
HIEEN, A B A S b4 W I A 51

1 G5 11 M T 32 JERAG W B A sh ) - B (nr 4b
il ZARHL) FEAE S A REIRIMER LR, *EAE
RN TJHAT N T/ KRG E (GFE#R %,
2024), MfFDLIERE, BERESR T ZMET
YOLO TR B 2 > BEARL A [ 2h Ak A B R o Su 5%
(2024) FEVUNKREM FE KA Bl I st o, B xT B
HNIABR A A . O RO JE RGBS M T AR ), 4R
T — A YOLOVS B (NMW-YOLOVS), A
PRI TR AR S RS B . B 2 )
FEMFREE, MaZs (2024b) $2H—Fh 1L YOLOVS
B (WL-YOLO), & ['TH T2 2% 2% bRk il 1 22 gk
WENAE 55 o 38 2ok R B AT 43 8 46 ORI T8 7 B T L
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il (CBAM), SZELT FERRN R i Ab i [ B 4 s 4%
M3 s H AR REE SR ECEE 71, W T M
128 JER 37 ST SIS RN A T B e R

TR A S B0, Schiitz % (2024) JF %
Tl X R e X R Y B SR S B
D7k, MR M T R SRR HLEE B, A shik o by
W R B RN IR S A, R Eh e (andE
IR ) I TRAT I 24 W 9 418 Hb w58 1% 6 et 5000
Ma % (2025) #E— 82 TR TIRE =T MR
A RE R B A, il P B By X, B
oy BIGE G RAEE S, SEBLT AR AU B A A 1) M 1
AU, AR T T b T I A AR Y
AR VE R o LA AR o g i T T B A K A
ARG (Zheng 55, 2016) . 4N, Gomez
Villa%: (2017) #1 Norouzzadeh % (2018) i Ji
T 32 J% 15 5 AR B KRR 3l W s AR 50 e (n
Snapshot Serengeti) , N IR B & RN 25 JE 17 5h )
1 SRR A, R B v AR AR Y R b T
SR TR, JFHES) T ah W AR S R
RIS R

25 LT, iR TR 2 2 H R 11 b T SRR
AR AT A A AR 5T RN B A S AR B T AR (g
J1, NI A SRR AT B b R A A
PR T A AR SRR AT 5 .

RACkUL, TR Bias . Hom g R AR e S
Pk FECE A TS N R T R S
JUGE R S AR SRAE T AU R %, 1T T B
Py W RS FE NSO, HAEBUE it . A . e
A AN FH A B S5 5 AT DG — 2 Pk b
WA E PR (VHR) 235 5 A8 8 1 K it
2 RPER KR (KT 0.6 m) B A S Fhie s 254
Ry BA W T, ABAE YRR L2 0E LLBE N
B (ONT0.6m) iy, RS SHERRLTA
(W WorldView 3 f14) ELZEREMAE 4B Y sk
HE 43R IR 0.31 m YIS . BRAEK R DR K
B YRR, SN AER AR, K
WLk, — BLR FH A0S S5 o 5 UK AR 3
Py A BT 0 DR G G . SR, AE /N TR P S
Jit 35K AT 225 R A AR v B LT L E T LR 2k
B Sh i i E . M2, EANLRS
A PN RIS — e 4 . Ol B AR BRI Oy
e, AR HTH R A RS e R A A A, (H
KEBIENN R G RBE w8 /N Ik KRR

MR B BRI . RS Bkl K
WA P i S5 07 AN W55 T, 3 n] LUK S AL R G
K125 VHR TR R ES G, BRI 73 B
R R, A D K i B K L BT A 5h 4 )
MRV R L E R AR, DL — 2D s i
TSR AR AL S Y R AR S AT P R T2
IAE IS

315 FEFWMEMITAMR

BT b i 3 SR R B R o B A B ) BF 5
ZHh, A AT S AT A RIS . AR B2
T, EINDVIL RIS R (LAD | ¥t
4 (PsnNet) . HiZRIEEE (LST) 45, 4r#riXx LEIf
55 R 2R 5 24 1 5 8 gl Wy 5 R o i 1) K AR R
] G OCHE , JF A BT 4 il FUE 295 s 17 1Y
ATREME (Yu5E, 2017), FIFTEAMLFEEN) Structure
from Motion F& R IPEAL 445 (Brachylagus idahoensis)
RAESESBE (Olsoy %, 2018) 5 i 57 i 3 Bt
HRIC NHLEMRAE Ry Mo 09 B il B, JPR X 2L A
BEERAE B[R] 1 b TR R AR PR RS (GSD), LI
AN o B0 TR A MR, WA B Tk
FOFIA 255 G R R0 5 S WD R DA 55 1) 2 R Al
R (Brown %, 2022b). Kalan % (2016) FJf
e 2y P A M T 3 AR M 0 B A PR 1) 35 3 FE AN
G AT, Leblanc 55 (2016) 38 i YA
17 KA FLEh Y (bt RE . JIRE . B4 .
WBEHES . IS M ENES) 1 B IFIE
HERKR, HIYZN T REGE R IL M A8 f 5 HAl
W FLS AT 53 TF, TP S i i G is T B
frilAv i BERY TAE. Shas§ (2017) XF R4k i
SN B T 20T P F 5 AN () 2= b ok g T Sl i
(B 2840 DL BB s s, X T /K A= sh
AIRIEFE . TR 2738 R BOR WIS 0 2R 7 R 1 X
FLE RS E] (Capello %%, 2015); & fdi A 2208
DA JEAT B S IR AR MA R Az, st
(RL4E B ARFET- ML) . Bl . & R
A (Villegas—Rios 450 2017; Weinz %, 2020);
SR TEAY 5 KT SR ARBLAA B 1Y B 4 & 05T B
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B} 3 & (Tremblay %, 2014; Yoshino %%, 2020);
B 7 2 0 5 AR DS A 18 £ BT 527K A B )
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[IREEIEE S
32 RAEDYRERSEMNRARGE

Bl AR k2D R Sl ) i R 4
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HFEEECEZ, Hir, ENIMYERFE IR
] T FH B AL 7 ok WD 5 38 1 SR SME |l
HREMER, ZHIESWREEAR | R H
AR 3k S R Tl LA 3R 18 B AR R S SORS o Wi
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XGRS AR BRI R g0, 456 BIR BBk
H P B AR RO A BEAR B, X 10 DE By kAT
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B T — A R AR, i DG EHR Y A4
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(2021) 27— BA IFAT A 2 MU 3
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SR R 205 R AR A I 45 N S 0 TR
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FRYSEFDE B AR LAY FLSEPREE 1R TR RIPERE
Hii, M7 ERAMHRERSMEEL, &~
AR e ws , A TEZ QBRI , 4
WEEE T HIE RGN PARRE | LR TER N AR
FE LT HAZ Sk B FR TR 2R 48 DL R T3 ARG AR
HREE A, Horb, MOE RS RARFE AT RE 2 D]
T ML 5 T DA Aok T T R A P 18 A5 Sk
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EARBI R — A BT 1)

323 EEWERITEDHR
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BB EE , AR T 0o WLk A T PEA
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HEMPEA, M LA ETE 2 1 — Bk FmT SE
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W BAR A 5 & B N TR i R, IS RE R H o %
il R Ok R P B R N I B . O A Y
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2, 2019; Zhao%F, 2023) JE/R T A FIZH AN
Z RS ARG ESy (BCS) 4TS AORE 1. H
o, ST R IU S, X R RE
e A5 PO A B 3 AR 0 8 DA G Y Ry
fiE, RKREEF T P4 ng dERA P A sh ik K, 37
Syt FRE 9 s . ShidE (2023) fHEA HE
715151 PointNet++ 3k £ BURFAE I Il 5 43 28 15 Y
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Py KRBT T ARG W54 9 BCS. Le Cozler 55 BESCHR, EW] THER 00 R ARIL IR 22 5 BE 08 fi 1k
(2019) A W3 A BYIE 2R Ak 2EAT B AR I 0F 5T (Y S Wt AR DL VoL, U] TR AR A 25 57 RE S
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(a) FHEEMEEAIR (He %7 ,2023a)

(a) Direct method weight assessment model (He et al., 2023a)
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(b) [E]HEEAG FALR (Hou 55, 2023)
(b) Indirect method of weight assessment (Hou et al., 2023)
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Fig. 8 Schematic diagram of the direct (indirect) method of weight assessment
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Fig. 9 The Process of Comprehensive Evaluation of BCS in Beef Cattle with Multiple Parts (Zhang et al.,2023a)
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(2020) Z54 T HEBMZRML (CNN) FIORE K
HHCAZHEZE (BILSTM) (9%, 4+ 19 By b0
REFE A AT SRR AE 5 I 2 RRAE X 50 3k
R IR PR KA 91%. K45 T7 (2019) FE%
BRANE S5 TSI T 24T 55 PP 22 M 45 MTCNN
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TN RS I O 38 G 7 8 4 X 5F o Hitelman 5%
(2022) 4 ArcFace i 2% BRi %5 Resnet50 V2 254 H
THAETE PO, AR TR E R PIRCR . Li
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E10  BHiR55d 7 (Wang % ,2023)
Fig. 10 Individual identification process (Wang et al.,2023)
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(2023) B 7R N 5.72 MY RR
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Table 5 Advantages and disadvantages of different platforms
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Research advances and challenges in animal remote sensing and telemetry
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Abstract: Animal remote sensing and telemetry aim to monitor behavior, movement, and health while minimizing disturbance to
individuals and populations. Using satellites, Unmanned Aerial Vehicles (UAVs), radar, acoustic tags, depth cameras, and related modern
sensors, these approaches provide multiscale, non-contact observations that support research and management in wildlife conservation,
precision livestock farming, and smart fisheries. This review synthesizes recent progress across wild and domesticated animals and clarifies
outstanding challenges and opportunities. We first map the field’s development through literature analysis to trace publication trends,
leading contributors, and evolving keywords, situating animal remote sensing at the intersection of ecology, geospatial science, animal
science, and field-based observation. For wildlife, environment-linked indicators derived from optical and microwave remote sensing (e.g.,
vegetation indices, sea-surface temperature and height, and ocean color) help explain habitat selection, distribution patterns, and resource
suitability, while direct detection with very-high-resolution satellite imagery, aerial photography, and UAV campaigns enables species
identification and population estimation over broad extents. Telemetry integrating GPS and inertial sensors, accelerometry, and acoustic
systems reveals migration timing, movement ecology, and space-use strategies in birds, terrestrial mammals, and marine species;
complementary observations from weather radar networks and passive acoustics capture movements at regional to basin scales. For
domesticated animals, non-contact morphometrics, body weight and body-condition scoring, individual identification, and herd distribution
and grazing analyses are increasingly achieved with camera and depth sensing. Thermal infrared, millimeter-wave radar, and related
biosignal approaches enable contact-free monitoring of temperature, respiration, cardiac activity, and rumination, informing health
surveillance and precision management. Across platforms, modern data-processing pipelines—including machine learning for detection,
re-identification, and counting—improve accuracy and scalability, while multi-source fusion links animal trajectories with dynamic
environmental layers to uncover behavioral drivers and anticipate risk. Despite rapid progress, several challenges persist. There are
mismatches between animal movement scales and sensor spatial or temporal resolution; limited sample sizes and label scarcity; dataset bias,
domain shift, and fragile model generalization across regions, seasons, backgrounds, and sensor types; occlusion and clutter in complex
habitats; and power, weight, and endurance constraints on tags and platforms. Ethical considerations around animal welfare, data
governance, and potential disturbance also require explicit assessment. In addition, long-term monitoring demands robust calibration, cross-
platform harmonization, and sustainable cost models to ensure continuity and comparability across programs and regions. We also
summarize platform-specific error sources and validation practices, including annotation quality, cross-sensor co-registration, geolocation
accuracy, and sample representativeness, to guide rigorous study design and reporting. We outline promising directions to address these
gaps: miniaturized, energy-efficient tags and lower-cost sensors; higher-revisit imaging constellations and agile tasking for near-real-time
monitoring; interpretable, physics-informed analytics to strengthen ecological inference and decision support; transfer learning and domain-
adaptation strategies to improve robustness under distribution shift; standardized, FAIR data practices with open benchmarks and
reproducible workflows; and edge-to-cloud processing for timely, operational deployment. By providing a structured, cross-species synthesis—
from habitat, migration, and distribution to detection and population estimation in wildlife, and from morphometrics and weight to herd
behavior in livestock—this review clarifies how remote sensing and telemetry jointly advance animal ecology and production, and it sets a
forward-looking agenda to accelerate robust, ethical, and scalable applications. Our goal is to consolidate current knowledge without
overreach, align methods and terminology, and support wider uptake of animal remote sensing and telemetry in biodiversity conservation
and sustainable animal production systems.

Key words: animal habitat, animal distribution, animal migration, animal detection and population estimation, wild animals, domesticated
animals, precision livestock farming
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