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An overview of population survey methods of non-human primates
CHEN Xier', YIN Lijie"”, QIN Dagong'?, YAO Jinxian', LI Xiaoyu', PAN Wenshi'

(1 Peking University, School of Life Science, PKU Center for Nature and Society, Beijing 100871, China)

(2 Peking University Institute of Ecology, Beijing 100871, China)

Abstract: Monitoring and estimating wildlife population size is essential to conservation. Affected by global climate
change and human activities, wildlife populations could be relatively unstable. Primates are a group of highly evolved
taxa in the animal kingdom and are among the most social of animals. As many as 701 species or subspecies of primates
are recognized globally, forming a rich diversity. They could be found in various types of habitats, including rain forests,
swamp forests, mangroves, secondary forests, deciduous forests, monsoon forests and montane forests, as well as in
grasslands (savannah and steppe) including forest outliers, gallery forests, wooded steppes, thorn forests, Mediterranean
scrubs and montane meadows, and even in deserts, dry uplands or permanent snow. Most primate species are endan-
gered from different causes, and therefore effective long-term monitoring is of significant value to primate conservation.
Species and habitat diversity have contributed to the numerous methods of censusing primate populations. This article
offers a summary of widely-used non-human primate population censusing methods, including the classifications, the
fundamentals, the various scenarios for application, and their limitations. The methods are analyzed with case studies
and research. Furthermore, we introduce the latest applications of drones, thermal imaging and computer deep learning
in primate population surveys, hoping to offer some insights into future non-human primate censusing and population
monitoring.

Key words: Primates; Total count; Line transect sampling; Point census; Infra-red camera trap survey; Genetic methods

of surveying; Survey by unmanned aerial vehicle

it 5 B A 2 W 08 A R S R R P A% O TR UEZ AR SRR 4R 2R TR R E Y
(Keeping et al., 2018), W TAMAMALES  WRE, FEKDIAWN, 30 U075 2600 m 80y 4

E&WA . AUl REFEREMSRAE R AUt mi el KRR G2 O PRI/ Sk Rt o Stk 2547 i 45
WH9E)

EZ B PRERIR (1996-), 53, Bk, F2B SR A WA AF o F s ik

R BH: 2021-12-29; #ZHH: 2022-09-23

« IR, Corresponding author, E-mail: ljyin@pku. edu. cn



6 WRERIRAE . AR N R RSP ERCR ] A )7 TA 2504 717
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PA AT XIS R A A . A TR E R R R 2
P NGRS AT IR, JFE e, 22—
SRR AR N RAC KRG LR 15 > PR AR 2%, W)
DITEH W Gy . O s R AT B S s e
o Y L L T A T AR, O AL
UNTE 25 7 e B2 0T L AR DR AP XX — ARV 4 22 M
(Rhinopithecus strykeri) WIMESE Y, 24 B o 38 0
FE bR B, i B AT I (B AR,
2014), FEHE AR KR HR AR 2R B %
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5 (Gestich et al. , 2016), HlE T RE W I EN
TFF 5 1 DX T A7 0 A S FLBcE Il T 3 R BYE
MEAEL IR, 5%, BEGHERN, &
15 76 7 2 1 Al ZRMR T, BT BE XA A TR] 25 %
m oy, A E ARSI AR DA g Y, 3%
WF 5T B AU 75 [ o 10 i g e N R R 3h Yy
23 A A2 TR PR 280
5 4I5MEFIAE X
5.1 Jrikfaisy

20 20 90 AR LUK, ZLAMHAAL A A B A
P ) R A R R ROR 8 B 2 P W e R
BENT IOV (2R, 2020), COACH E N AN
KM TR FEZHE AR F-B (Li et al., 2018) FlE
Kgi HWEZETBZ— (F&5%, 2016), JLHZETE
R & B B AR KA S (Lietal., 2015),
HAZ DRI LML B AL IR AT, eI 5 8 A=
S NET T ki, BEFE TCABRAEMEN T H3h
FOFRET AL S i B R s . LT 2T AL B
KT A5 2 A X £ 5 30 (Relative abundance in-
dex, RAI), {HT & A9 J& RALANREAC R 48 X% 1y A
BEECR (R 5F, 2014). X LI RAL S A A4,
AT T AR L B0 IE RAT 55 Fh B 28 3 A A 6 e (B SE
75, 2019), (HEEH L AMIPLE R B KR, 439t
RPEE, W R E W IR, S5 A
P e — S A4S 8 ] AT R A 1 A T
(MU, 2019),

X R AR N R K 28 IR B AT A AR U
W H B O — 2 N TR ) A B A AR
FALARF I AR, FRIFEE TIEARK
KIHBIRB AL RS (Guo et al. , 2020). HFFTEF
R ENIRE S T ER, ARG RS T
41 FIE AR KIS, BT HAME, Bt 10 mk A
IS, 52 I 40 Ja 2R GEse 3 00 &1 R A
AR N RAS SR I AT RPN, 2ok 50 Ho e
TR 94. 1%, AP FEIATFD 31 sk HRIE A o
ARk 2 R bR I —E A AL, AT MR
S AR N R LA T R PR A 4R T £
(T BEE .
5.2 PLAUR R BR

ZL AL I B A X TG B A 2 . R
NI s A, vrh TRE AT FiX 2k
SYIMELLIE A A K, WIE A R R IR T B AR B

Yy, 2L AMARBIL IR A kX B A T AR D iy 2K
AT AAR, 20 AMRAL AT LAZE B A2 T A, A
ahyy, Blia It Bl AR, YR8
e, B ARAT 098 AT L T AR MEAL I SR T
Mo (HIERLLAMFABLGT /N2 AT Ry B, 7 TR
SRR A T TAEA RS, A AR IR 2R a A
WAL, AMAE, I HAEB b2 25 & R
BL R SR B A S ) S R 1 1B L

5.3 SEBo AT

N RKIEH YR L BFAE (Macaca leucoge-
nys) W R BURAR Y, ZDAMANLIC SR T KIERRE
B R T EEMEN . KB R Bk 1)
AEANRKBBEMME R BER, AE R, £LAMARL
D) e B BF 5T N BT 2 A 1 I [R] AN ) A
TEVHE A A X R LB N A T 31 G ZLAMAL,
HAR UL 685 TR Are @ I, 454 B b B HULE AR I
AR 2Rt 738 5K . X S R 8k T B A [ AR IS
Bo . O Rl EOEURR A 1Y B € 25 S B S RRAE
It 5w A AP R AT X L, RAES BT
FBURRAE R — B (Li et al. , 2015),

FHELL ML 2 B o7 1L X 5 2 AT 400 20 1A
At W41 AL, AR RKH
YRR AR R E, IC SR B TRk (Ma-
caca assamensis) FH1 T 1E TR FE & AT 73 A 1) 7L
G 2ef, JHARAS T eI H G ST I (FRZE K
5, 2016). 7EPUIAE FKTARS X A B 70 15 £045h
ML, FHTFWFFE)1 4 22 (Rhinopithecus roxellana)
B ML TED IS B AT S AR S PR I L ) (5K e AE
2019); TERRPEA ML G SE 0 bR X1 4 22 Mk i 4 7
B A, SR T REZE 5 LD AL A vk A
55 B HRNE I IR — B ] BEAS [R)AR AL A9 4 R 5
LXK A ANRIASA A B Lk i AT AR A R G it
(P& SE, 2018).

ZLAMHEMLIA A 2 AR A, ERATHEIE AR K
Kb & T —EEM . BATHIE AR KR
BIANE Bl AR BURE XN Bt b 55 R R
FIHE R A B RIXE . 7E = F 48 il B R FE L 3 2RO
P ISR A AT LA BL A A B R IR, A B
W (Nycticebus pygmaeus) tHX] £ & H 2. 63%,
W (Nycticebus bengalensis) #1 % F & FE M 5. 26%,
T DR AP DX 100 P o e A T 0 o 10 8 E AT, iR AR o]
SEAETRPER AP I (RFERFSE, 2013),
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6.1 Ik

1A% A 1l L AR IR R R AR A R K2R
BRI, 180T T B4 DNA JF Uy
Fhrid, HBhWEIE A M e N R K SRR Y 2t AL
TR, GBI E ) Rl INFRRRE P ) 3 S8 AR O R
(B LR 28 30, THAE AR N A ISR RE P i 14 531 L
i, [l RNy S 5 (Plumptre et al. , 2013). F|F
I Ao R JR TR (Y AR AR — AR, SE A i A
T F B kAT RO “hRig”, wIpR
ARAF A F X 38 PN A N A2 Bl Wy ol B o 1 A
i1 { (Chang et al., 2012; Plumptre et al., 2013;
Arandjelovic and Vigilant, 2018). % 1% ¥ 7 ¥ 1 bl
S — R4 EAE N R A P EEE R A 5 (Gus-
chanski et al. , 2009). &AL EITEIEAR
KA ATHEAE AR KBIE H .
6.2 LS AR R

X VA Beille, AN B BRI SRR B 3T Ak
A N R, 0T DR AR 2l M B kA i E AT F
58, JUHIERA ARG ERE, o e A
REZHE, RTRE7E A 1 3 X BUR 28 k&
%, s AR T MRS E vk, s E ]
ARAT DI N () e D AR B, ISR R R AR, X
REAS U RN T 5 A — R BEoR, R 2R
R XoF 288 {6 f) R AR L, L3 DNA 2K .
FREEECEAG D IAE N R K2R E A
WM AE, Rl /N dE AR K8,
FEME/NANGy R,k SRS R AR
PR IS S B ) X ] BB 25 5 AR AT JE A R B AR
6.3 ST

AT R A5 (2010) X 6 R A3 Bl 4 220, W
LRRi AR DNA H BE G B2 A S 550 Thnic kA7
fR2EWEoE, 48 IR AR ZR ORI ORI 3 O X 1|
G R TE SRR IE P S L S R
B e 2 KERP X2 4 22055
HERAEAEF B IR 2e i, w4
ST AR B, R R T DT S R R
SRS . HEETE AR R G AR X 1] 4 24
R RERcE , (E 4% SR 0 BT 4 T A Y AR A
A ISRl 22 AR B AR FE it AR 3 25

Chang 55 (2012) 7E R A B LR X R AE 337 4311
L MEAAERE S, R 16 M TR 7 S5 AT A

S, U 153 RG22k, AR TR
DX 38 N )1 4 22 M 0 e /NS AR B SR N B i — 2
s bR —E A, 250 T 3PP E AT R
DX PN B8 1 4 2 A 8 R 28 32 %) A R A X T
W AIF 5 J2 ) FH s A% o A vk 0 AT R N R A AP R 4K
A A w22, AR B i 00 B Al
W VOREE 3 ~ 445 TR XS A %k (T
1H) BZEMEREARGEAT 0 Fhaid MRS, MRk
A JE 30T N 1 22 R A T R 42 o s s — Al A A
X AR Al A ARG B B (Arandjelovic and Vigi-
lant, 2018), FTLATI UL, B 4 A o — 2 RSS20 7y aF
— 2P S8 M AL 7 7 A B REAIG, 5t 4% I A ik
AR AR R A S Hh i I A v R 45 0 i o
AIFER

Xof 5 2 A1 i AR AR A LU RSB B (Gorilla
beringei beringei) FEAT A AR A A BT, R T 1%
gemy e THEGE, HRGT X RN R
R 1 s SR B ORD 2 (0 B LA HE W A R Bl i 5 ()
Af R T AL R A vk, X RS TE AR R 2
fEAE S PEICDNA, BB T A 7 Fhrid if A7 >4
WesE (Guschanski ef al. , 2009), WAFSEHE BoR, 14
301 LA SRS BRI S 08 B0 8Ok SR Al 09 O Ak S
) (AR LU 45 A s A TR A A T TS 2 0y Bl
1 10. 1%, BFFEE i, RIS h &R 404
P RETER M U IE— 81, HAEEF A A
AEAE B ST BON R A % ) — RSB 1 ] g
PR, DRI A% G 0 8 A 5 7 7T e 23 e Al DX Y Fol
REECE . MCAEIEHR Y, AZ G iy B A1 A 45 5 05 H]
WG AL, RETEA R 1Y AR 32 5 R B i £k
TR HERYE,  [R)EF IR BE 4R HEPE 0 L A5] . FEAAC P R
KER. PVHAMEFHIMEE, THEHTEMA
YRR AR N R Sh P B e £
7 EANEAEESREGEARIEA

T AR A 35 4F 2R 3 2% 1) 47 R i ke B 22 1
iz PR ARSI . A 5D, SRR s
RERHAIL %) TG AL 38 5 iz FH T I i) 1 a2 4 >
MR EET, A BRI A (A, 2018) FIAERE
UL B B0 KT S R A A . AR SR AR (2019)
TE) 79 R A i A R e A rp (T T AHLXS
AT LU TRURR B BE AR T b iE AT TSR, JTXT
el PR 300 7 0 R 8 HEA T I S o TE SR AR R AP/ X
() 1 Sk A B 5 i i e rp (o JE A B A28
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M DAEEGR (g R A L SR ] 720 42 S FIE SR AR
Fraey, S50 240 H Sk, REAE T LA
5 3157 e UL AS 21 A4 7E LU T332 1Y) 3 Sk A 1 1
B, FEHIVE T Sk A 20 A 1 Sk b L AR I
KR FHAD . MEIEE S A% X,
1 G5 1 BEARALAR X/ 3K 2 MK e 2 DL R (Y 3h 4 1 5
T, F5 ARG B AR ML A T AL AR AR T —
Pl A ff 5 i o He %5 (2020) 5 8 H Ui 1%
HEAHALI AN A, FER IS IEAT T )1 & 2 Fh
e A 22k, IFITas R s, X E AMLAAEEE)
(] 4 2 R AT TR, B PRI =5 Sy e 1T 7
2 BT AR AT 00 A v A A 1 4 22 0 B0 B 60% ~
70%, HARMRECAFE . BFRael, Bk
15 FEAHAIL A TE LB AR T 15 G5 1% b T8 A 57
K, BEEZM) . FBEEI W B R R
SE MG AR 05, H RS — Ry R A
RSN AAR E 25 [ 6

A IR IY, IR T AL
FE4ERE X SO 5 R W R R I 3, 2 = A TE AL
VAT 55 SR A kg v R R R A T A G
i, mat R OC R, IR JC AMLE AR A Pk
B IRER, TR 4B e A A R AR
KM BEBCE IR AE T RTRENE . AN, XA EAE
KZHEIGIAT, BRI IR AGL & Refl
fE IR SR I b 5 TR R BE X 43, SR ISR
. FERERIRAG BEARPLAY T AN ARBR TR BB
FrtEIE AR KIS, e TR N R KRR
PR INE &) 2 B AT
8 INEERE

FFGeTHE N R K W) Fp R 5 1y 247
REBZAANZE, FIHEROAE —E A

€M (Plumptre and Cox, 2006), fifi HH:— k&L
Pl A B 2R 22 PP A 7 s i 48 SR B0 R AR AR
X—AR . AEANRKEZ YA L&A TR
(F 1), HAANFMEHRM, N2 BRI %
Mo B BOEAEREA AR K LM E T LHE T
HEEM, REMIEARKESYMEEZ,
S AT ER HZ 0, A4 TIEARSS
MR AL TR, e TR EIE AR K
K NFERNREE AR T ARSI, P AL
AMERLEL A & JE, 2T AMREBILAY fdt FH Bt By i
s RS, ZLAMEMLIE A VR R R EE IR IEA
REKEIWENEY Z R A D BA )
N FRT5e o LLAMANLEE T 5 B AR g 27 (B
2020), AS[RIMHFE L IX [F]— 4 o 1) AH X 22 BE 45 40 )
THEAT LR 5[] — b DX 20 AP A AL 00 25 40 7
KRR, X T 9Z M DX 3 1) Fh i 25 ot 19 28 Ak oo 72
B IRAR A . LI AR N R G (Guo er
al., 2020) W HAELLAMHALIE A rhoxF 3 N R K 2k
TR R — D E R, e IR Ak Al
FW RN R R, TR . AN
WERBN EHEE RIWER .. E4K, AL
HARBH, FEIEARKESDY AP WA T
M2k, B TR AR 1S FE T T 0 P A R T R A
PAAN X6 T X DA Bl TR A7 L5 (%) 0 R X A
DA SRS A RS (2R S3CARAE, 20195 RIE)I,
KR FEAE), PORARE AR 0N AT B8
Jo NHLIE A B A o] BE (He et al. , 2020). Ak, JL
PO A G A, HRATTIEAR KRR
bl S BRI TS VA 2 N2 TR N
IO B 22 W 22 )22 IR 22 4t B2 A T IR A G BN P BE
PRI R BB 58 35

Rl FARKEMBHEREFENHES. ERFENRESH

Table | Features, applicable conditions and parameters of non-human primate population survey methods

JLECWIRES EETR e SR FESH
Survey methods Features and advantages Conditions applied Parameters acquired
YT ey, W) RS S0, % ST 2 o i Hn o N N
BA L ﬁiﬁéﬁﬂ%'&ﬁi RN GURINZ S U, Rl E IS 2l R BT 1 A s AT B AR AR
Total count BB H A5k .
S .. Relatively accurate range of
Long-term efforts of the local surveyors, re-  Animal’ s activity pattern or home range S
. population size
sults relatively accurate known well; groups easy to follow
_ e FRGUNEE, 45 BUF SRR M N 45 _
Line transect distance HAfifii R OB, S B ) R AR T S R A T
sampling A systematic sampling method incorporating ~ Key assumptions need to be fulfilled, Population density estimates

models and softwares, yielding estimates
with relatively short-term survey

with animals evenly distributed

with confidence intervals
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4:2% 1 Continued from table 1

PEAE T R A3 IR HFESH
Survey methods Features and advantages Conditions applied Parameters acquired
FE A RGUMEE, G R AR Y i T AR E (RO BE AL | 2 5 1 D) TN N
Point count distance A systematic sampling method for complicat- Key assumptions need to be fulfilled, as FiiF [;161+1ﬁ51%f;ﬁﬂ*
. S L Population density estimates
sampling ed and patched landscape well as principles of randomization and

M [l R e vk
Line transect distance
sampling with play-
back

T T RO (E L 0 1 RSB
For elusive primates that are difficult to ob-
serve but contact with calls frequently

LLAMHPLIE A1
Infra-red camera trap
survey

WA AL TC T TR , AT B ) R A 1]
TAE A F TR Y & B 5 CLAMEBLES
B AR ST AR T AN R X R — i A
Xof 22 R B LU Y

Capable of working 24 hours with no re-
searcher present; may detect elusive species
and potential new species; RAI could be com-
pared across camera trap data platform

TeT AL H 25 AT S5 A R L £,
of 4 bra— R T A RE LR

A non-invasive sampling method; capable of

constructing genetic structure of populations,

calculating sex ratio, and estimating popula-

tion size with mark-recapture models

AL IR L
Genetic  methods
surveying

NN EERrS
Survey by unmanned
aerial vehicle

DRSELSFA T W Al 2L TO0 AR e 25 1 4 L
WLEZ ) DX 1) Bl R0 G s, A SR
i I A FH A7 0 R0 L T3 26

A method capable of rapidly acquiring the
number and position of animal groups in open
landscape or on mountain summits or crown
canopy. In addition, it facilitates the survey
of overnight-staying sites/caves and the topol-
ogy of mountain summits

replication

FACSE I AR, of A S, IR
i R A

Assumptions for distance sampling need
to be fulfilled; primates frequently call
and should react to playback used
PR RIG ZEE S TR HLAE )
Animal’ s activity should be detected by
camera traps (relatively close to the
ground)

ig.HHJE’&J“ s AT AG AL G5 A SE RIS

Could be applied with other methods in
various conditions

& A JE B RAT (I R s L T6 1
i B b s 5 A A AR B TR
MY

Can be applied in open landscapes,
above mountain summits, hillsides, or
crown canopy. When applied with ther-
mal imaging, capable of detecting ani-
mals in forest understory

with confidence intervals

TR BEAG B R AL 1T
Population density estimates
with confidence intervals

FE T BRI T A 20 (9 AH
POEAEE 114

Relative  abundance  index
(RAI) calculated based on de-
tection frequencies

FPHE Al T 8 A ] 35t
L 2 REE M 9], die /ARl
g vene

Estimates of population size
with confidence intervals; ge-
netic diversity, sex ratio, min-
imum population size, etc.

TR A % 1 o 2 5 5
=
Accurate number and position
of animal groups and individu-
als

B SR TR A A B s B X A S A
SRR LS TSR . OB =0 g AR A R A
BB kA L AT P IR A AR PN X B S
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