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Analysis of fragmentation in landscape pattern for the Francois’ langur’s habitats

in Guangxi and its influence on population
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Abstract; The Francois’ langur ( Trachypithecus francoisi) is an endangered primate species that is restricted to habitats
characterized by karst topography. Because of illegal hunting and disturbance by human activities, its population decreases
dramatically. Moreover, its habitats become severely fragmented as results of the acceleration of deforestation and land
reclamation. Therefore, it is important to understand the influence of habitat fragmentation on the Francois’ langur
population, which will provide key information for the conservation of this rare and endangered species. In this study, based
on remote sensing images, land —use data, and the Frangois’ langur population survey data, we conducted landscape

fragmentation analysis of the Frangois’ langur habitat in Guangxi by Fragstats software. We also explored the influences of
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landscape pattern on the population of Frangois’ langurs in Guangxi by correlation analysis and multiple stepwise regression
analysis. The results showed that the landscape pattern of the Frangois’ langur habitats in Guangxi presented severe
fragmentation, complex patch shapes, weak patch aggregation, and decentralization. The woodland landscape still made an
important contribution to the langur habitats, but the anthropogenic landscape interference was very strong. There were
different characteristics in the degree of habitat fragmentation, the intensity of human disturbance, and the distribution of
landscapes in different areas. The Fusui area had the strongest human disturbance, and the Debao area had a more severe
degree of fragmentation, while the Longzhou area had the least anthropogenic disturbance and its forest landscape was the
most aggregated. There were significantly and positively relationships between Contagion Index, Mean Patch Fractal
Dimension, Woodland Area, Woodland Patch Size, Bare Rock Area and Bare Rock Percentage of Landscape and the
population of Frangois’ langurs, whereas Shannon Diversity Index was significantly and negatively related to the population
of Francois’ langurs. However, there was no significant correlation between artificial landscape indices, such as Curtivated
Land Area, Percentage of Curtivated Land Residential Land Area, Percentage of Residential Land Area and the population
of the Frangois’ langur. Based on the results of the multiple stepwise regression analysis, Woodland Area was key factors
influencing the population of the Francois’ langur in Guangxi, followed by Mean Patch Fractal Dimension. Therefore, the
managers should carry out different types of ecological restoration according to the forest coverage, fragmentation degree,
and landscape configuration in the distribution area of the Frangois’ langur. At the same time, managers should develop a

reliable conservation plan based on the actual situation of the nature reserve.

Key Words: Francois’ langur( Trachypithecus francoisi) ; karst habitat ; landscape pattern; fragmentation
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Fig.1 Number and distribution of Francois’ langurs in Guangxi
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Table 1 Variables of landscape pattern and human disturbance

SR Land scale #5451 Metrics A3 Formula ik Description
SWKT LA 3 . , y
Landscape level (TA) TA = ;A[ A, A, WHEHSAYTETR, i A5
TR A N N B MPS 78 5K E -2 F SR
?ﬁé;j)i@ﬁd S = W M) T ARBR A AR BEHL S8 (hm?) , MPS 9B 78
Fi . MPS>0, —MIA Sy MPS i B A W@ My
2n(025P,) Kb j WBEHRCR , THIRES A R W
S BEH o 44 KL Z ]z [7(”1 BEVLAHLNARRE h iR Je e, e R el 7
(MNFD) MNFD = 5 i Tl P PR AL TR B RIS PEB, BUE R 0<
MNFD <2
CONTAG = S, g A2 R 22 (AR AR A9 A S04 E
P— S8 (a5 P, HIFT 5 SIEGRE,. SSERE B %) 1
(CONTAG) i=1k=1 3 e NIRRT AN A R AR, i 3 UMY L. 0
= & P <CONTAG <100, FL 68 ki 32 W1 5 0 o 6 5
[1+ 2 () JA00)  yppporm g 1 e Ay e b
Shannon ZHEVEFE B A6 KU M T 500 B, BUE S
Shannon ZFEH: SHDI = - Z (PInP) il :SIDI=0,, SHDI {45 BEB R A 5 0
$54L(SHDI) TT et SRS FIR R LR T
WAL B, R (5 B S ok
K1, N, B RBERAEHI N, ﬁ?i}ﬁfﬁiﬁﬁ?ﬁﬂ’]ﬁ
R %’%I‘JEIW%?E’J B, FN SRS A A 2R B RS
SO . ‘
s SO I LTSI 768 H
MIBESACEIR L, FN (B BE R, B W T 500 Bk
Hon B, FN BUETER .0<FN<1
)\%’éXﬂ“ﬂ’riﬁ’r‘ﬂi‘é’i’fﬁ?)ﬁa‘iﬂ%iﬂk?ﬁﬁ]\bﬂﬁlﬁﬁx
SO T SEHT MRS 32 5 S A 0 B MR, A0
() : HDI = " W EE R MR R E R % HDIAT DL 3
nat NZE A B M TR, BUEVER 0 < HDI
<1
\ o CAN YA BT (hn?) . CA LA T/
1k SRR " i
AT o o= 3 oo T DLIKAEAE A8  Habitaton) B4V
B ’ =t Ko BB R A B
., PLAND g SE— B b 2 8 ity S i AR 5 A 5500 1 LY
S AR 5 Zal (%) W E S AT R ks 2 —,
(PLAND,) PLAND, = ’:T'A (100) HH B S B W) 2R 3R S5 A 8 R G d A
EEAISES
FEHPH I MPSFEBESRAH 145 5 —BEH SR 34 IR DL %
(MPS,) MPS, = N‘ oou0) HAFEYHE (hm?) , MPS, BRG] , MPS >0

S TA Rt LRI Total landscape area; MPS SABEHLF-Y K /N Mean patch size; MNFD A F-YBEHL /3 4EFE 4L Mean patch fractal dimension; CONTAG & 4 i
B2 Contagion index ; SHDI 4 Shannon ZFEEFE %L Shannon’s diversity index; FN e W B B R FE B Fragmentation indices of patch number; HDI DN KiE e

Human disturbance index ; CA A5 W 1 1 Landscape area; PLAND WL AR 5 L Percentage of Landscape

2.3 Gkt

AWFFE R 3.6.1 BRI R (NG SOULE AR 5 BRI AEUR Y Pearson FHOC R B
RS , IF A 208 B B AR 2 5 S R A PR 25 53 R OGS TN 1, LA T A AR 1) 22 S 1

http ; //www.ecologica.cn



34 PERBE A )T PG PRI L M AR R BT L 3 A B S R F) S ) 1207

KB RE A P<0.05,
3 MIRER

3.1 WA

FESEUK T b (36 2) , P HIBEER /N - 2 58 Bk 20 2 48 BORN £ 4 JE 48 5055 4 = 18 85000 - 3908 4 ) ok
18.73.1.3499 1 76.35, Je I W -3 BEL R /IN S5 B e 43 A 48 H50RN £ 4E 3 48 $lcde oK, 43 3ok 3218 ,1.3727 il
91.27 ; FEAR (1) - BEH A/ INE BRI, 4 10.26 5 T R 35 1) - 5 BE B o3 25 BRI & 4 P8 480/, 4331 R 1.3319
A 71.11, Shannon ZHFEMEFE BURN 50 W B B8 w4 AL 8 B S5 A% Jm 18 B0 7 29 1E 53 71 24 0.83 F11 0.00523 (% 2)
HERT Y Shannon Z2FEPEFEEUR A, M 0.98 ; FE IR B9 S UL BB e A 5 K e K, oA 0.0087 5 17 JEH %) Shannon 24
PEFE BRI 7 B0 WAL 8 BS54 Ry 36 B e/ N, 4390 R 0.27 F100.0028, A48 8 - 341H k 0.29 (3%
2) s oo M B R TR EUR /N, 8 0.01 5 TR 22 9 Ak THRFE B K, o 065, TTAE A2 A X, e M
P AR, FE I 6821.39 hm ; T 24 M I AR/, LN 1054.61 h ; T8RRI/ INHEF S 6 M >R B>
RG> AT > B> B I S TR HET > 3724

®2 TABRHEHESBIEIKE LHEAERESHF

Table 2 Analysis of landscape pattern at landscape level in the habitat of the Francois’ langur in Guangxi

S IX SEWA% SR HE % Landscape pattern index

Distribution TA MPS MNFD CONTAG SHDI FN HDI
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Table 3 Results of the analysis of the Class level in the habitat of the Francois’ langur in Guangxi

X st Wood M5 Bare rock BEi S Farmland JE R MW Settlement
Distribution cA PLAND MPS cA PLAND cA PLAND cA PLAND
JeM 6423.32 94.16 2141.11 285.33 4.18 61.41 0.9 0.65 0.01
e 2032.63 54.89 75.28 71.93 1.94 1438.19 38.83 20.09 0.54
N 3573.69 71.84 223.36 95.65 1.92 1128.71 22.69 38.6 0.78
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bk 1512.33 7371 126.03 24.42 1.19 337.36 16.44 11.75 0.57
i 803.27 76.17 80.33 15.77 1.49 195.25 18.51 13.28 1.09
flfy 1145.72 74.95 286.43 16.51 1.08 306.12 20.02 2.83 0.18
Wbk 1455.04 70.57 181.88 6.74 0.33 212.18 10.29 0.01 0.05
P2 Standard deviation 1816.63 11.72 671.01 87.99 1.17 463.39 12.13 11.95 0.40
I Average value 2156.01 71.50 363.26 68.00 1.85 504.21 20.25 12.00 0.51
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Table 4 Stepwise regression analysis of landscape pattern and the population of Francois’ langurs
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i . Standard error . . .
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M FE LT FY Percentage of woodlande 0.006 0.002 0.545 3.620 0.015 2.663
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Fig.2 Correlation analysis between landscape pattern and the population of Francois’ langurs at the landscape scale
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Fig.3 Correlation analysis between landscape pattern and the population of Francois’ langurs at the Class level

SRS SR 5 BRI AR DGR AT T & B . AR S K L, Shannon 22 M 18 K06 28 Ak A~ 4 850 e
PR ARV, I 25 16 2 IHATLE b IR B PR A AN 1) T R A ) A A7 R e . ISR 8 B AV 8 M ol R Ak 2 T 5 A B B
U 5 H A GO, Bl A 25 2 P 28 Ak 8 38 3l Rk PR sl 25 22 B BR il B )5 5 310 b 4y ol
AR 1020 T A RS ORI S Y BE B A A S 5T SR A A AR S 3 IR O, 45 R R AR R R Y
U2 3 X PRI ) A A7 R A L EE R S, TS M R R A BICIR 1 2 1 N MO AR B
ol S5 L P2 S A ) T R A R I B v R R A 2 A M il DA S IR A K 45 540 Macdonald
LRI GIS B BT HESE A T 3K 25 54 ( Neofelis diardi ) ¥4 # G PR A A5 25 1 18 0 26, LUt 55 At 5 b Bt s £k 1) 5
Wi 20 Liu 25 B fre /NS B AR AR T 11 4 220 0 35 BV S8 3 A0 o 2 2, DA il Xy - At e fe
SRR SR, BRI ARROR S S BRI BO T AN TR B Oe AR R — A B A
TR, ELA TR R T AR AR, AN R R AR B R AR B R AR — 3 Galan-Acedo 457 25 AT S UL
SEF R RIS BN B | Sz PR HRE W 5 K ) S WA A (U AR AR 7 55 R A L R AR K | TR
(AR TR L) o DRI, A7 0 B2 A S5 LR AR S R i 8 4 T A A B8 A e A %o SR A (R 5 ) e Ah,
IR ARE 5 A TR BOT AR B A O, X 0] RE S5 PR e R i 2% B A 56, B AT A9 G 8 AT
REW 2 AT K

ARBIF 5 B, A O T RERIAAR b 2 BB R/ Nt R A A AR = A S B IR, SR Ok
T 32 BRI AR AR L B /D B (R BEAS ), T e PR ot RE 0% g SR A 4 (A R A B 7 B A e 50 Ak
M BESR /N ELHERZ A T ) 0 AT AR RN G 1], A/ N A R b R R T e 0 R A e R, R A
WITIAE B 2 B () A RE 25 TR E 2B, AR RE R4, Arroyo-Rodriguez 4543 51 X6 WA B4 356 £ fi
GF AR5 A % B T AR R ARG A B AT W5 | 7, 3 KA JE b T R 2 S sl e 8 A BRI AR R B R A TR
2Lt RE SIS T B 585 00 A 1) 22 B P 0 AR MR UK 3R BUE F5 35 45 1A AR B, AR AR B o0

http ; //www.ecologica.cn



34 EOHB AF )TV R SR OUURS SRy A 0 B B RS R B4 5 ) 1211

BT R o HEad R A mAOR T A A 75 24 i DA T S 50254 M 4 ol 46 R AR B (R A R R B
T FRURIBR A THIRR 7 L 5 SR A S i = A 1 3 TR AR DG, SRR — o 1L RS 2 B AEBENS /At
R RS A4 L T BRI R B TS ), DL R S S R B Y

AT S WA JR 1 B0 BRI A ARG T 22 J038 A0 N SRS, A9 A 55 URAR Sy o B I Akt ¥y s i, G
&5 HL 3R B PR Hb TR RT-3 RE SR 70 A BCER XTI DX 11%) B I A o B 7™ A 5 i (I 2 A e T R X P I 4 ) 55 T B
Ko FEMRRAE SO, SRR A T2 B T 2 A2 BUMHB A 52 ), ()R 50082 (R0 A% JR 5 A R 40 1Y) 32 38 DL ORIE
SR RE g M 7R BE SR (B R BTy, DRSS S i e A R AR MR A SR A s i) | BV 228 e e W s Mt e 2%
B s T R 2 AR AR v bR b T B ) T AR A R R 2R A, DRI A 0 A A R R K2
SRR AT ZE 1A ORI, AR IE RS BE B LEFE W) fE B B R oK 4 DL S 22 f R N Y 3
G5 IR Galan—Acedo S8R FE & BR, 1/ INER AR B WIS (Ateles geoffroyi) I A2 361 B0 4% %5 b (i
FFIH TR EESGTHE TS 0 RIS Un R 58 AR B BEH A FE A, T ATk BEAE B IR AR X B =
A B RS A P50 Asensio 25 & MU (Alouatta palliata Mexicana ) 23 %13 BHLAS BB 2] 43T (1) 5 WL T R
(ORST ARB A o i 5 A L ) e AR £, o S 5 U 38 0l 0 O JEL SR Bl s A B ) R A S A 4
FAHOC BT, B B LR ZRAR TR B9 BRI T8 AN 08 1, 38 I 32 7% R 1o A 358 S U0 1 328 36 1 D 3R I AR A
PEAL T R (8 20

T VY R A A A1 DX 1) S WUA Jm T A B o 2 5, DRI I e A T O 4P A0 ), 17 32 A AN [) 0 00 05
TSR 1 AV S A B R AR R ™ IS BRI 0] 1 A A E OUL AR A N b AR i B AR SO i E v, H
TSRS43 A DX P AR 55 5™ FE AN A2, PR3P RS0 I PIE 56 %5 1 A N R TR R LR A DX Ul AR 55
K AL B IR A R IR T AL, 6T R S A0 b DX 2 M A R R R A B SR A s R
B, L3R A AR O A R A R S A Sl ) B AT 2 b ) S e

£ 3L Hf ( References)

[ 1] Wilson M C, Chen X Y, Corlett R T, Didham R K, Ding P, Holt R D, Holyoak M, Hu G, Hughes A C, Jiang L., Laurance W F, Liu J J, Pimm
S L, Robinson S K, Russo S E, Si X F, Wilcove D S, Wu J G, Yu M J. Habitat fragmentation and biodiversity conservation: key findings and
future challenges. Landscape Ecology, 2016, 31(2) . 219-227.

[ 2] Haddad N M, Brudvig L. A, Clobert J, Davies K F, Gonzalez A, Holt R D, Lovejoy T E, Sexton J O, Austin M P, Collins C D, Cook W M,
Damschen E I, Ewers R M, Foster B L, Jenkins C N, King A J, Laurance W F, Levey D J, Margules C R, Melbourne B A, Nicholls A O,
Orrock J L, Song D X, Townshend ] R. Habitat fragmentation and its lasting impact on Earth’s ecosystems. Science Advances, 2015, 1
(2) : €1500052.

[ 3] Barelli C, Albanese D, Donati C, Pindo M, Dallago C, Rovero F, Cavalieri D, Tuohy K M, Hauffe H C, De Filippo C. Habitat fragmentation is
associated to gut microbiota diversity of an endangered primate: implications for conservation. Scientific Reports, 2015, 5; 14862.

[ 4] Ratis L, Dobrovolski R, Talebi M, Loyola R. Geographic range-scale assessment of species conservation status: a framework linking species and
landscape features. Perspectives in Ecology and Conservation, 2018, 16(2) : 97-104.

[ 5] WiensJ A, Stenseth N C, Van Horne B, Ims R A. Ecological mechanisms and landscape ecology. Oikos, 1993, 66(3) : 369-380.

[ 6] LiuJ, Wilson M, Hu G, Liu J, Wu J, Yu M. How does habitat fragmentation affect the biodiversity and ecosystem functioning relationship?.
Landscape ecology, 2018,33(3) ; 341-352.

[7] ChuL,SunTC, Wang T W, Li Z X, Cai C F. Evolution and prediction of landscape pattern and habitat quality based on CA-Markov and InVEST
model in Hubei section of Three Gorges Reservoir Area (TGRA). Sustainability, 2018, 10(11) . 3854.

[ 8 ] Abdolalizadeh Z, Ebrahimi A, Mostafazadeh R. Landscape pattern change in Marakan protected area, Iran. Regional Environmental Change, 2019,
19(6) : 1683-1699.

[ 9] Steffens TS, Lehman S M. Lemur species-specific metapopulation responses to habitat loss and fragmentation. PLoS One, 2018, 13
(5): €0195791.

[10] LiuF, McShea W J, Li D Q. Correlating habitat suitability with landscape connectivity: a case study of Sichuan golden monkey in China. Ecological
Modelling, 2017, 353 37-46.

[11] Farias I P, Santos W G, Gordo M, Hrbek T. Effects of forest fragmentation on genetic diversity of the Critically Endangered primate, the pied
tamarin ( Saguinus bicolor) ; implications for conservation. Journal of Heredity, 2015, 106 Suppl 1: 512-521.

[12] Xia W C, Zhang C, Zhuang H F, Ren B P, Zhou J, Shen J, Krzton A, Luan X F, Li D Y. The potential distribution and disappearing of Yunnan

http ; //www.ecologica.cn



1212 JAE = 24

[13]
[14]
[15]

[16]
[17]

[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]

[27]

[28]
[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

snub-nosed monkey: influences of habitat fragmentation. Global Ecology and Conservation, 2020, 21 e00835.

ERTHE, HoE T, IR P EMARER 28 BURS (R. ShPIeERTsE, 1999, 20(4) : 306-315.

RAN ) RKE SRR 0 KRG AG T, B8R, 1983, 3(1): 16,

Li Y B, Ding P, Huang C M, Jiang P P, Wood C. Dietary response of a group of Francois’ Langur Trachypithecus francoist in a fragmented habitat
in the county of Fusui, China: implications for conservation. Wildlife Biology, 2009, 15(2) . 137-146.

JHUSEIE , SRS, BT, PRI VTR G AR I AR . ShA L, 2010, 31(4) : 421-427.

Li Y B, Huang C M, Ding P, Tang Z, Wood C. Dramatic decline of Frangois’ langur Trachypithecus francoisi in Guangxi province, China. Oryx,
2007, 41(1): 38-43.

IR, S, AR, MIHRIAT AR SR EY R i BIEREEBORIM R, 2018.

RIFE. PR RE ) SR8, JUat. Bles i, 2015,

Anzures-Dadda A, Manson R H. Patch- and landscape-scale effects on howler monkey distribution and abundance in rainforest fragments. Animal
Conservation, 2007, 10(1) : 69-76.

Arroyo-Rodriguez V, Gonzdlez-Perez I M, Garmendia A, Sola M, Estrada A. The relative impact of forest patch and landscape attributes on black
howler monkey populations in the fragmented Lacandona rainforest, Mexico. Landscape Ecology, 2013, 28(9): 1717-1727.

Hu G, Dong X, Wei Y, Zhu Y, Duan X H. Evidence for a decline of Francois’ langur Trachypithecus francoisi in Fusui Nature Reserve, south-west
Guangxi, China. Oryx, 2004, 38(1) . 48-54.

Deng H Q, Cui HT, Zhao Q S, Pan R L, Zhou J, Lan A J. Constrained frangois’ langur ( Trachypithecus francoisi) in Yezhong nature reserve,
Guizhou, China. Global Ecology and Conservation, 2019, 19 e00672.

Fahrig L. Effects of habitat fragmentation on biodiversity. Annual Review of Ecology, Evolution, and Systematics, 2003, 34. 487-515.

Sork V L, Smouse P E. Genetic analysis of landscape connectivity in tree populations. Landscape Ecology, 2006, 21(6) : 821-836.

Macdonald D W, Bothwell H M, Hearn A J, Cheyne S M, Haidir I, Hunter L. T B, Kaszta Z, Linkie M, Macdonald E A, Ross J, Cushman S A.
Multi-scale habitat selection modeling identifies threats and conservation opportunities for the Sunda clouded leopard ( Neofelis diardi). Biological
Conservation, 2018, 227, 92-103.

Galan-Acedo C, Arroyo-Rodriguez V, Cudney-Valenzuela S J, Fahrig L. A global assessment of primate responses to landscape structure. Biological
Reviews, 2019, 94(5) : 1605-1618.

Marsh L K, Chapman C A. Primates in Fragments: Complexity and Resilience. New York: Springer, 2013.

Liu J, Bhumpakphan N. Comparison of activity budgets, diet, and habitat utilization between provisioned and wild groups of the Frangois’ Langur
( Trachypithecus francoisi) in Mayanghe national nature reserve, China. Folia Primatologica, 2020, 91(1) . 15-30.

Hendershott R, Rawson B, Behie A. Home range size and habitat use by cat Ba Langurs ( Trachypithecus poliocephalus) in a disturbed and
fragmented habitat. International Journal of Primatology, 2018, 39(4) . 547-566.

Arroyo-Rodriguez V, Mandujano S, Benitez-Malvido J. Landscape attributes affecting patch occupancy by howler monkeys ( Alouatia palliata
mexicana) at Los Tuxtlas, Mexico. American Journal of Primatology, 2008, 70(1) : 69-77.

Arroyo-Rodriguez V, Fahrig L. Why is a landscape perspective important in studies of primates? American Journal of Primatology, 2014, 76(10) .
901-909.

Li Y H, Huang Z H, Zhou Q H, Ma G Z, Huang C M. Daily activity pattern in Assamese macaques inhabiting limestone forest, southwest
Guangxi, China. Global Ecology and Conservation, 2019, 20: e00709.

Galan-Acedo C, Arroyo-Rodriguez V, Estrada A, Ramos-Fernandez G. Forest cover and matrix functionality drive the abundance and reproductive
success of an endangered primate in two fragmented rainforests. Landscape Ecology, 2019, 34(1) . 147-158.

Fan P-F, Fei H-L, Luo A-D. Ecological extinction of the Critically Endangered northern white-cheeked gibbon Nomascus leucogenys in China.
Oryx, Cambridge University Press, 2014, 48(1) . 52-55.

Asensio N, Arroyo-Rodriguez V, Dunn J C, Cristobal-Azkarate J. Conservation value of landscape supplementation for howler monkeys living in

forest patches. Biotropica, 2009, 41(6) ; 768-773.

http ; //www.ecologica.cn



