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Influence of landscape patch properties on species abundance based on machine

learning method
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Abstract: The influence exerted by landscape fragmentation on various species is intricately tied to the properties of
individual patches, which encompass a multitude of factors such as the type of patch, its area, shape, and the dynamic
interactions these patches maintain with their neighboring counterparts. Within the specific context of fragmented agricultural
landscapes, the exact impact of these patch properties on key species is a domain that still remains shrouded in a veil of
limited understanding and empirical clarity. This study pivots its focus towards a representative agricultural landscape
located in the Hainan region of China, a landscape that is notably marked by substantial fragmentation. In this particular
context, a meticulously conducted field investigation spanned across 180 patches, each serving as a distinct habitat for three

critical species: pests ( Xyleborus affinis) , pollinators ( Apis cerana), and natural enemies ( Trichogrammatid ostriniae
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Pang et Chen). The properties of each paich, encompassing elements such as type, area, shape, and the intricate interplay
with adjacent patches, were rigorously documented and analyzed. Subsequently, to decipher the complex relationships
between the properties of these patches and the abundance of the aforementioned species, the capabilities of three advanced
machine learning models were harnessed: namely, the Artificial Neural Network, the Random Forest, and the Support
Vector Regression models. These models were adeptly employed, leveraging their respective analytical strengths, to analyze
the intricate relationships at play. The results of this comprehensive study uncovered a significant revelation: the robust
Random Forest model emerged as a superior predictor of the abundance of all three species in comparison to the Support
Vector Regression and the Artificial Neural Network models. This was evidenced by impressively high R-squared values:
0.785 for X. affinis, 0.845 for A. cerana, and 0.798 for T. ostriniae. These findings underscored the paramount importance
of certain patch properties, most notably the type of patch, in influencing the abundance of these species. In particular, it
was observed that patch area exerted a dominant influence on the abundance of T. ostriniae, with subtle yet crucial
interactions influencing the abundance of X. affinis and A. cerana, thereby surpassing the significance of other patch
properties. Furthermore, variations in patch types revealed intriguing patterns. Notably, the study unveiled that rubber
plantations harbored flourishing communities of X. affinis and A. cerana, a finding that was markedly pronounced when
contrasted with the abundance found in natural forests and other patch categories. In stark contrast, T. ostriniae exhibited its
highest abundance in the pristine sanctuaries of natural forests and cultivated landscapes. Overall, this study not only
reveals the differential impacts of patch properties on the richness of multiple species but also elucidates the critical role that
specific patch types play for different species. Additionally, it validates the efficacy of machine learning as a potent and

insightful tool for inferring the impacts of landscape fragmentation and patch properties on species abundance and diversity.

Key Words:; agricultural landscapes; landscape fragmentation; patch properties; species diversity; insect abundance;

machine learning

E R PR R B SO AL R A 2 R R F R 1 S R BUE S RN SIR
S BB T T SR SR AL LSO B SRR A, S5 O A P 5 AR T B
JE AR BEC AL TR ARG R R 22 R R SR AE Y R A B AR 0T B
AR A T DG TE TS5t WL A X A 52 o A AN S R BE B S PRV RS AT A i B 5 4 BT T B
o T R S I AT USRS T i 22 b X BRI % 22 R B e TR AT, B2 48 7 SO0
TSP SR P A5 R A 25 R G R A5 DL F Bl , o R BREHRORI SO0LA B L

BES @ PERT PRI S M SR R SR S 2 1, ] RESR B M XS BEBR S RN b 28 1Y i OUE AR, REBR ISR g 5 78
XTIFI R Y 2 I R IR IE S P S Rl 22 32 25 TORTBER S AL AT BEH TR A
v B A S D R I AR BE M AT LA S R B 22 (1 = T BRI, B e AR 4 5 e R
SR T BER SR ADRES B A IHARTE AT B EoRetsd, LA ) 5 1 it 0 ol o S e v AL
AL T RS BB 2 R BE IR IR A5 DX 30 R A7 A8 52 0 45 T, 190 A 0t 7 3R W BE O IR L B
Bty F/ NG RE S A R R 2 R R B R RUEE I AR A SR IR B 2 AR AR . DRI,
fige AT BEBS Dy b S 7 255 1 5 B A IR PR RFAE

] B R X b B 52 A 2 R IT S D505 o AR B — BB PSSO RO F 58 2 (AL S Gt i ik kAT
BE 3 , AL B T HABSE PR A VR 100 EL T A 200 A S e e AROMEAGIN 1) 52 2% M £ PN T
TE B BBz 4 5 HAB N 5 Z [ S BAR T, I AR MLAR 27 >0 T i 2 B B A 25~ I BE 52 v, B4 Chen
SR TR M O SRS SR R AR R T AL S G ARSI R O R Y AL
>J B8 750k AT Ak PR UL DR B AN R A 2 TR] S 2 A AR Z P S AT, JO 16 E R URY S 1Y Se I (BB H 245
AT R 7S 22 BER B X W RS R, I AT B BR A ) PR AR DTk, (E2, H TR A A 5T 0 FH I T R

http ; //www.ecologica.cn



4822 JAE = 44 %

PEYURPEME = AW ST Z R 2] IR A BEUR PR 5 AN R £ E R IR
it > I IR AR BN BESR 1 55 AN R =2 B 3 PP A A TR P ot o = T 2 ) R 0 B S84, LA
A AL S50 P SERAS SRR SR UL B R S A

1 #¥5F*%

1.1 BT IXAE L

WF5E XA T o L i 4 ok 2R 2807 1A B (18°24'—18°58 N, 108°39'—109°24'E ) , % Ml X o7 T #AF | 4R F
YRR 24—26°C , 4 [F/K i 1600—2400mm , B & 7e3ifi , AAR BBV A B0 R IR, & 23k AW 2 HE
PO X ) X N A R R | B A R 3 S Al FH A 38 K ARAR AR AR TR A
RBAR JEIRAR B Ak SO R BRI AY . b JR AR AP v SR AR B AR MR AR Tk, T HLAR
A, T 2 A A AR PRI S el 25 = b ) R IS AR s ol 2 X S O e ™ e

109°00" 109°04' 109°08'E

18°40'N

\V%)'N

@ RHR

EH/m
712
442
311

I 222

153

18°36'
18°36'

18°32'

18°32'

109°00" 109°04' 109°08'E

1 ARRULEMRESR

Fig.1 Study area and sampling sites

1.2 SOMBEHE E

25 RS FIZ I P 1) 5 B A R 2R 58 DL 8 ol 3 S A iR 2R A N BORE X 4, A48 AR AR
MR BEREAR TR IR AR AR KO R el LR AR R R DX RK A e BN S A8, LA A %
JESE L, BRI T BT A A A (] o A 25 R, WS TR B M 25 R SRREHR 180 A
P AR R L A BRBEPR 33 A BB 45 A 12 500K 47 A AR 27 A JRHR AR 4 4> FF 864K 3 4>, Ko 2R
bel 12 1~
1.3 BEHUE M e

BRI R AT FE RS I R o A BB @ MR A T A0 2 AR BRI BB I B BEHUE AR TS B B
HUBE R SRARIE B 5 SRR HE Mk SR 55 LU LA SR S A AR A, o BB W] B AR R AR
EIRA F AL 2R 58 77 s BESR T FRA R B A KN s BEHOR AR FEEUAR I T EER A SMERHE 38 5 i FHC B 5
D7 HRTET R A LU AF 5 SRAE BE B4l IS SRR 25 R 22 o X P R SRR 35 L B A 8 An i A b LR [ SR A

http ; //www.ecologica.cn



1134 fidse A5 B THLAR T 2 07 0 SOWBE SR M W = o BE IR S M 5 4823

B T R B R A TR R, ol TARIROMAE S 5 R b, 2 S AR R A — A
FEAR AR TR R E W A 5, BUR A M PRI A Z g,

ol T A R GERAF (AreGIS 10.2) I i I 18 S (70 B 0.8 m) AT BEHR PE 20 mi , 15 e
P BEHL AR SR 5 I Ak SRAE BEBR A T AR 5 e 1 B R T R B AR B (S) R BEHIE AR
(A1) o BN, R R A B T ST M AT JH 12 1500 m 22 i XN RARMRBE 22 Ll (P, A3 2) L oF
PR BERE SR AR B B T SE R 0  SRAESE B BT (14 R SR MR IR TG 128 Bl LA R AR AR PP 93X —
JE A s MR T AR ) o 2 SR B ] ) W2 5 5 A P fh e o 72 b 8] A RV ) 1) 4% BE SR T A KT )
B

p

S= (1)
2. /mA,
A, P RRBEREK A, ZBEHRE A, S RS RFEEL.
A,

o, P RN 05 L], A SR S TR, A, AR PRBESR T AR
1.4 YRl 5% E

AWFFERARAE G 3 o3 A5 Tz, A AR 9 B AR A B X R A0 45 3 JUR AT /N & 1L ( Xyleborus
affinis) fE K BRI (Apis cerana) FIIR L) Fh T K B 75 AR 8 ( Trichogrammatid ostriniae Pang et Chen) .
PGIARAETZ I X A3 A 32, I AR AR b /NG R 3 2 ) R 8 AR 2 — ) 2 g AR Ay
AR 37U, A B W A Y R T B T R R ) % B B SR YRR X MM RV E AL by L AR . R
DRI i MR e 2 T DR L A6 el 1) SR8, VR s il T Aol 5 el B

TR PRI 4 BEBR HPICE (AR A FBRAT AN RBF IR ik ) s (W A — 4
AFEH TS — 20, B E BT RR 500mL 7K 2 TRV, 400 3 m CE TREMLI S 1.2 m FEH D — 3k
BT 180 2H 540 A AE, 7 K MR E . KR B B U 75% SR RAT B AR JE i B S g a HEA T
%, SRR AN B P AR B | ORI AR IR 1 = AN R RO LR IE S BE R R R R, R
HUBURE E] R 2023 4E 3 A,
1.5 Hlass I

Bl IR T ARG GE T J7 ik T A PRAR L 1 Bicdli 1 A ol st B AT A3 i Ak R A sy 24 48 |
H S AE SR IO AR MR AR . W SESE M S W 35 BEOC R M 3 FhbLai 7 2] 05 s . ph e b 2%
(ANN) BEHLERAR(RF) SCRp AL (SVR) BN EERL 7 S BESE PEAE i A R 1, B = B AR S e
NS, T BREERE 1 R ) B R AR AR AR R, BT AR A B i — R R AR AL A 3 B AR RO A
e Hpp R AR DR ER T T AR BRI o3 A1 8 AT IR I 5

X -X,.,

X'= o mm 3
Y X (3)

Ko X X B A T | AR AR B IR RAE R/ IME XSS @ R AR SEIME

1 FEAEEE RN AL gR A 2 5 BB FH A8 OB UE DA IR o L5 T, SR T 5 538 XU IE 7 vk,
AR B AERERL 7 1 S AN FREA (B FREAR AL 36 A SRR D) 475 I FREA (REPLIESE 144 4
SRAE ) MBI FLAR Y 1/10 (36 ASRFEAL) SEATBIRIIG I, SR )5 1H 5 38 7 1% 22 (RMSE ) FlHk 2 R 5L
(R®) KA AR AT R, — R , RMSE (RN | ASE X oA UL ARE AR A T 5 SR b7 5 R® 8 0% B 100 00 {1
S BRE AR SEE U TEFEIZE 0 1) 1 22 18] BT 1 Fm By (4 RO b

i A TR T Ak 25 B ot B bl 2 A AR E B AR A R i ARG B L A O TR AN R Y
BLERF 2 Bk T oA T IX 0, 1 28 0 2 15 S e i S ML 366 T A A R fE S B PR e s, B 25 2 ) A

http ; //www.ecologica.cn



4824 xR 44 %

MEAIALR A X SEASCER (B AT L FH DR TG o A 0T i ) AR5 i 2 8, 48 A P8 S R 3R 7 R O 0 i 4 )52 i
RSO AR ALK A T B T LU o R R A DR SRR vl AR 3 2 8 0 YR B s s 2
(AR AT B iy A PR T (AR T 2P i Al o B 8 R B P2 TR R BGOSR

o T BESRETY AR | Xt BESRAS TN 44 Y (R IRMR AR 2 R AR e HRAR AR OISR
pel LA S A T ) BEAT Kruskal -Wallis #2560 , 75 BRI b M2 A BEHIE Y 22 (8] (9 W b 2 5 B2 b 35 22 etk o
M BESR IS TR AR R Py b 14 58 F A T R BEBR IS TR BB i R S i S A, AT XU 205 22 0, SR B
SR BRI A A A B R RO KA EAE M, LA B S S {8 HT Python AR5 I, 6 56 KA1k
0.05,

2 HERE5H 10
\ ‘ ‘ [ mams
WEFTIIRIZE 180 > 5t W B B v lse 42 242 IS A% /N3 gl 77 [ wemLaek

N ] ZFEmEHLmEa
R TR IRt 2627 FL, H AR BN

HIBR L 3L 1156 H HUOR PR A 1123
o TORBERAR A AR X4 O 348
2.1 Hlass I B i 4 R |—I_%

XPAR IR /e | R AR | FORIF R R | =R AL i
a7k RMSE M BN < S 1) H AL, b . i E
SR RBHLATHR I 2) | LT BEBL AR AR T (5 56 RIGHMES R RO
{HIR A . AN TEM 28 LR RPAEAR M /)N
o PR ORI R IR 3 0.667 0,702 B2 FEZRZEIEESYFHER (RMSE) A RIRER
0.482( 4 1) 0 28 0146 % 9 I b /I ot 15 o 4k Fig.2 Different machine learning models predict Root Mean
YA RTINS JRE 5 i 0 35 DK R o HR e 00 g R A 2 5 7
SCRF I USRI | RPTEAR M /INEE By rh AR e oK
SRR P 350 0.507 ,0.708 ,0.512( 6 1) , Ud W Sy ) B ATLASOX i A 2 e THE 138 454 5 (L7 AL AR ARASE
Bk RPAERIEA/NEE R h AR FOR IR R IR e P 05y, 4302 0.785,0.845,0.798 (3R 1) o HHLAT A1, Bl
BLRRAMAR L F 25 Wy b 429 A5 i v RO B2, o8 45 W00 7l = 8 o000 B Ay v

(o)}
T

B RiRE
Root mean squared error
B

[\S]

Squared Error (RMSE) values for species

F1 ZMHBEIFEXNTRYHBANLY RME

Table 1 Three machine learning methods for predicting R? values of different species

YrFh iz 4% FEHLAR bR SR AL A
Species Artificial neural network Random forest Support vector regression
WM /INaE IR X, affinis 0.667 0.785 0.507
B A, cerana 0.702 0.845 0.708
FORIETRARIE T. ostriniae 0.483 0.798 0.512

2.2 BEHJE PR PR A R

BEAIL AR AR 5 7 1 BB M AT X BB T, XHAQUBE R /Nl ST, SR I B SRR AR B S IRk
4 o U5 02 75 S AR foh B B AR, 5 R A A R AR ) i A T e B BRE B M D BRI TR
RIRMRIEE  ERIT 2 0 E ARG 8 T Jm & (P 3) s X AR B e 5, SR AR BEBRIE AR AR B0 KRR 55 1L
PR BB R A S AR fih 55 2 75 A AR AR ) B B AR IR, BB S R A R SR OB I 8 R B L A )
o AR E 2, HL BRIy fie e (&1 3) 5 X R BRI MR B 1T 55, EHRIE AR FE 50 BRI ORI 8 R AR PR i LE ]
R A AR AR fioh AT A SRR T AR B e v O R A H SRR Y 5 R A AR T A R B
BR8] 3) o T H., RERE RS AR H R E AL HAE ] (P<0.05,3 2) ot Bt R BB Ja 1R X

http ; //www.ecologica.cn



1134 fidse A5 B THLAR T 2 07 0 SOWBE SR M W = o BE IR S M 5 4825

Wyl A AE X B R R S R e (EL XL 2 PR 14 3L A v P AR X B A

A /NG B X affinis
;:‘é’ B R |
2 mRAER [
S BT []
2 s |
$# RAMERLG []
2 REGiRekE |
B REEW TR |
0 0.102 0304 05 0607 0.8
BB W A hainana FRIEFRIRE T ostriniae
3 BEYe ) BETE AL
2 AR ] BEYR A |
Eu KRMERLH] | ] REARTHEY
E BEYIEARIGEL ] BEYIERIEE [ ]
= BEYTT [] BER AR [
;'% SR AR B AR A PRGN A A
B REAKTHY R SRR b []
0 01 02 03 04 05 06 0.7 0 0.1 0.2 0.3 0.4
HXFE B Relative importance
B3 BHREMEX SR /NG R PERENFRERREZMHESEZ S
Fig.3 Relative importance of patch properties for X. affinis (A. cerana and T. ostriniae
F2 HREBEERAMERERREFEENZEER
Table 2 The interaction between patch type and area on 7. ostriniae abundance
BEHUR P F1 . ,
Patch properties df
BEHLIEHY Patch type 7 60.769 0.000
BETE AL Patch area 1 62.076 0.000
BEHR A BELR [ B Patch typexPatch area 7 32.789 0.000

2.3 BEHEBINEAS R AP L i

S BESE A Y 2 FE I AT R X AR M /i LT, R ARAR BB AR 22 SRR A B R AR
K R TAIRR AL /NEE R E AR R 3 25 5 (P>0.05, &l 4) (B AT &K T35 A MRORIAR AR (P<
0.05, Kl 4) MR EcAR b /INaE i =F s B 0 3 i TR AR (P<0.05, (B 4) , XFrh AR & B Ak 2R
AR A IR HR AR kg S 2 ] rp A b R R 22 R (P>0.05, [ 4) (HENBEKT KA
R AR BRI FEAR AR MR AR S e = T 2 Wl 2 8 T R AR MR BEAR (P<0.05, 8] 4) 5 X T KM ol HIR e 17
T REARAR AR A AR K e SR b K B IR R e T R IR T R SRR AR AR Ak RN e IR AR (P <
0.05, Kl 4) , RERBRAIA FH I K I 285 AR 06l 25 1 AR AR R IR AR ( P<0.05, 181 4) BRI AT T AR /N
B HUR R AR 5 e 2 B LD IR AR AR Fb | 1717 T A B A I g D) s B R SR AR AT AR FE

3 itig

ARBIFEL G PR 2 I IR R PE BB X W BESE e 45 SR W BEATL AR PR T A 20088 7 B B s e X
FEF R (RN R AR (R AR ) R EO) Rl (FORIE R AR 8 ) F 5 B2 R0 5 %) 3 HORIL By B
U, BEHRIE IR A4 SRR v T A B A 5 X T R R BRI AR A R R ) (EHS RS
HAT 035 5 8O0 5 70 AT BESR ST v AR R AR A /I R P e g e A g T2 B8 T A BE R R Y,

http ; //www.ecologica.cn



4826 JAE = 44 %

" RIEAE /NGy X affinis 60 4R A hainana FORUEFRIRE T ostriniae
a ; 15t -
50 a
50 . a b
40
40 10 a
30 30

20 20

Wb
Species abundance

- -

b be 5 ab
101 be c . I 10 d d cd = = ¢
d c
lm  sm_ o c M ___1Ii 0 L =N
EEE X ¥ £ £ HE E X2 E £ 8 £ 1% E EREE X ¥ £ £ HE
K& 8 1 8 ] @ ﬁ K& ¥ {1 8 ] @ 5 K& K 3 X K8 @ ﬁ

PEHAHI Patch types

B4 HREBEMBHEEEES

Fig.4 Differences in species abundance among patch types

TR, BEHXT P i 14 52 e B A T P AR, A i AR
3.1 ARRIBEE Xl R

BEHAS TR JEAR WA /)N aE R r A e 0 e o 25 M DR, L BRE B T R 6 K i IR g 1) o B 2 R i [ F
SCRTIIFSE & BUBEER f B S s b = A R I EAR A K X — &5 AR T K B R R e
BT BERSTRY BT R T AR /e B R AR B e =E s B £ 3 B, XT BB A TR, — 2 ORI R
I e e e i A b B AR, TR e AR A 9 U85 3 3 e (A LA R A B 4 R A B ER (In A
) JeE 560 R AU S S SO — k5 P Ak B AN E T R S P SR 2 AR T IAZE
BEMRR R B 27 25 5 3 A DRI TAR A S 7 SR AW, T B T sl R 8 5 37 2 A 40 A 2 SRR, AT
I H T BE RS A 1 2 BE AR, (R NGRS, RARATE 55 H 9] 45 B SR SR PRI 25 A e B 1 5 LA 5 25 )
(e BE FE B ) kT R SR R TORAER AL TR 2 Y b R AR AR BRI BE = RS A R TR
1545 TIRMA DA BEH 1 T v TR, o B e, B 5 B e i AR s i R U A S s A )
GEUR ST T BEHIEARAE B BB B SRR B B SR 75 5 AR e 2 i | R SR AR 35 L 5] L A (] 422 5 i A 45 I
B TR R A B R SRR UK, BRI A AR Rt R B A B ]
Xt FAR I /INGE BRI AR 28 R U, BEBR AR A W U B TR T B2 | B U 5 A AR R 4
B T T TR MR AR BRI 11 35, AR R AL T W6 8.3 B 5 9 R T DI A5 A KR R A 7E R K B AR IR e
RIS B Y E
3.2 BEHE YRR YRR R R R A BN

BEL RO P (1) 5 ) S 2 A2 BESR S TR YT (LA WA RO AR 5 4 v DGR T B — BE R
(ANBEH IR ) X i i >0 i 2208 T 22 IR 3R A A8 SUAE F X Rl B R, EUR BB 1 2 1) 2 A LR
M), WA o X S )P %) o P8 R 156, BRE B T AR 3R vl FH R /N B e T B R U488 v B 2 1) B U 5 A A A0
AT FP 5 B2 BRSO T 0T R YR A S5 e, AS [ BRE R 288 70 VR e A ) s Jo s B R K A
FEEZ PR B XU R R AR A BREBR ] L s/R MU S5 BRI 114 5 o B i 5 i 1) X B R /N T
FRBEHHE R (0 i, 0 28 3 I R T AR A BRERR SRR W b = 8 A — I — K F R . (ARGt iE
BT X —45 S B YRR | (N T R IR iR R e v UL SR 1) 3 ] R A PR kg 5 S e 119 4 A 32 3 B e 1T AL A
SRR,
3.3 RIRIBEH SR Rl = 5 B0

ARAGE K AR A R AR I E 8, RS b KR e i 2, 5T AT 45 SR 3k
AR—2 20 AR R B VARG IR , ELBR = AN P S O T e A A i A B R R 0
B BE ISR A TR T S L U A RN B ) AR T 2 e R B R R SR R 2 I TR A A 2

http ; //www.ecologica.cn



1134 fidse A5 B THLAR T 2 07 0 SOWBE SR M W = o BE IR S M 5 4827

FpAe Ve, VED) 57 o1k 5 K B ORI B IEARSE Y SR, AT R AL A R Y EAR I MR i 2 & B R TR
SRR A BES SR R R TR BB FT 45 R kol e AR IR, — I I g A P AR B0 1 B A e e
4, T AR W Vg e AT 3y L b e R i e | A5 DX v A/ 1 X, 2R MR b e | R AR % 1R R AR B MR
KT AR SRR M 5 — R R TR R BN, TR IEAL TR RIMPRFEEIAL T A
AERRPIRE  TTAR IR S BT AR MR EF B, R T A A B A 55 2 ) AV 8 2
3.4 AN[FEHLAS2F I B Y = 5 R T

AT L RS FFREALARARAE = AL as 2 2] DBt b B s E B rh BOR e fE . SR Chen S5 7EXTICT 4
LA T N B e BRI AR A R R R S 1 7 BB (B A A AR O B A I BEALAR AR FEAR
IS P28 X 2 5 SR ) st WL ET USSR R0CR T AN BRAEL 3 T B A R A el 25 ) 245 3 7 L T 2 1)
BRI ZANZ A, AR EAR R AR /N, i 22 2% 1T g 23 0041 B Re R 1%, i ELAE /NEE 2 1, DI 2R i)
AT REAS L DA 28 R 26 78 A0 MR 8470 61 S R 1) S ML BT DS R D38 AN AE /NS I £ S B0 BE R [ G 1l B,
FHHE BA B AR SC R | SCRF I L RNE W] REJC L FE A LA B0 0 i RE AL AR ORI T3 T SR
Y L7 2] 7 TR A 3 (i T AL 22 DR SRR 1 12 11 F £ e Tt D A 2, T 408 2 e b Ak Bl 2 PR N A TE 2
A ISR T BEALAE R BEATLRRIE S8, | X/ IME AR EICHE A -, (45 B AL AR AR I Uk ks b AT 54y
Mz LEES >
3.5 XPASKOESE A HEAY A R

AW FT LG X BEHE B A A B SRR, U H B A S 8O M AL i 2 Bk 5t R 7E
PP b DX BEH AR ) 35 AL by B Ry T B S M AR B e A T i T B P,
(RRIBERE /INaE HU) B8 ] R ARG RS PR BRE e 1 A 3 Ay o A T TG 75 4ok 88 DI B At B ke 199 52 i 5 44 Bb A%y B LAY
PrAP 0 T RO AR AR T AN A R . X RS L (ORI AR MR e ) S, KARMRIEA W35 5, ELX Y
M 2 SR AR 5 BESR AL A 22 BAEH , PR 5K R SR AR FR 5 250 DA TE G M R 5 KB #h e oh , AR5
SEILUESE T HLAS 2% 2 PR MR R BEHJE E X T R s i) 1) A R0 1%, e T AH B85 SR AT AN R 4 Fox B
PR 1, I A A8 SO A BRI, PR RIA AL 3 s ] PR AP FARAE Y 7 4R

S SRTEARBFGCUE B T (0 FHHLAS 27 2T 4R D0 BE S S X5 0 F s il 90 30 8Pl 1 LB AR e /N g oL h 4
FWE  FORIERIREE 3 AR T8, MLas 52 > B s R Al & T HA S AT 75 i — D8R 2, IR e, I e
A FP I EAITAL SR AR AT D ARSI RS 180 MFEATY B/ NEIE 4R Al 1 28 )ik 7 i )8 mT
REHL I/ D T /INEEA 1 3 40065 T L, LB A AR B8 XA RN B 1 4 T2 5 B . Ah AR 98U AE B B K
BRR T BEHE XA [ P Fh 2 M, AR ] i — 257 5o WK AR R B 22 i K HL 22 (] HE S 6k 22400 g 5 i) 2
5 IRASE 7R SRR AL O

4 Zit

SR 8N SR 1] ML I SR L, =R bR AEL i) 2 SR 24 S BEA LR AR AR B T /A B8 3R B
e, BE T LR I BB AR P TR RIS IS S A T B, R T REALARARAY S5 R R BREBR A 3 1)
(RRIBEHRE /e By FfEps B by (e g i ) 2 B2 v oy 5 7, R ( T R R s MR 86 ) U 52 S e 1 R Wi ¢
R EX AR 52 RES T A A BERIER AR AR A AR /Iva HL B MEd) B T2 i TR AR
AR R AR AT e HRAR A AR5 SO R (BRI T AT B i O R 8, DR, 7k
5 L L S AR A AR ) L SP- A  ERp S A A B SRR R B 5 o T R R A (A R SRR R e )
PRI RIRMOIE R . ASESE iz LR > B9 7 1A Akt s BEB R A B VR T, FAll A% 2 b T4 4l 3
B FARYI IO 2 1 22 50 25 EHVAE BRI , S BRI AR A DR 37 LSO ™ b B XU AT 55

£ 3L Hf ( References)

[ 1] Jaureguiberry P, Titeux N, Wiemers M, Bowler D E, Coscieme L, Golden A S, Guerra C A, Jacob U, Takahashi Y, Settele J, Diaz S, Molnar

http ; //www.ecologica.cn



4828 JAE = 44 %

(2]

[3]

[4]

(5]

(6]

(7]

(8]

(9]

[10]

[(11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

7, Purvis A. The direct drivers of recent global anthropogenic biodiversity loss. Science Advances, 2022, 8(45) ; eabm9982.

Newbold T, Hudson I N, Amell A P, Contu S, De Palma A, Ferrier S, Hill S . L, Hoskins A J, Lysenko I, Phillips H R P, Burton V J, Chng
C W T, Emerson S, Gao D, Pask-Hale G, Hutton J, Jung M, Sanchez-Ortiz K, Simmons B T, Whitmee S, Zhang H B, Scharlemann J P W,
Purvis A. Has land use pushed terrestrial biodiversity beyond the planetary houndary? A global assessment. Science, 2016, 353(6296) ; 288-291.
Rz, BT, R, BRHE 2, A4, - HR AR (o AR 28 R G0 IR S5 DR 52 M) DA R OK PR . AR 254, 2013, 33(3) .
726-736.

da Silva P G, Nunes C A, Ferreira L F, Braga R F, Beiroz W, Perillo L N, Solar R R C, de Siqueira Neves F. Patch and landscape effects on

forest-dependent dung beetles are masked by matrix-tolerant dung beetles in a mountaintop rainforest archipelago. Science of the Total Environment,
2019, 651 (Pt 1) : 1321-1331.

Diuk-Wasser M A, VanAcker M C, Fernandez M P. Impact of land use changes and habitat fragmentation on the eco-epidemiology of tick-horne
diseases. Journal of Medical Entomology, 2021, 58(4) : 1546-1564.

Tscharntke T, Tylianakis J M, Rand T A, Didham R K, Fahrig L, Batary P, Bengtsson J, Clough Y, Crist T O, Dormann C F, Ewers R M,
Friind J, Holt R D, Holzschuh A, Klein A M, Kleijn D, Kremen C, Landis D A, Laurance W, Lindenmayer D, Scherber C, Sodhi N, Steffan-
Dewenter I, Thies C, van der Putten W H, Westphal C. Landscape moderation of biodiversity patterns and processes-eight hypotheses. Biological
Reviews of the Cambridge Philosophical Society, 2012, 87(3) : 661-685.

Outhwaite C L, McCann P, Newbold T. Agriculture and climate change are reshaping insect biodiversity worldwide. Nature, 2022, 605(7908) :
97-102.

Yan Y Z, Jarvie S, Liu Q F, Zhang Q. Effects of fragmentation on grassland plant diversity depend on the habitat specialization of species.
Biological Conservation, 2022, 275, 109773.

Clough Y, Kirchweger S, Kantelhardt J. Field sizes and the future of farmland biodiversity in European landscapes. Conservation Letters, 2020, 13
(6): el2752.

Riva F, Fahrig L. Landscape-scale habitat fragmentation is positively related to biodiversity, despite patch-scale ecosystem decay. Ecology Letters,
2023, 26(2) ; 268-277.

T, by, RE, WAEA. TR BRI R AR X R S R GRS M B M2 . A 2574, 2017, 37(4) : 1286-1296.

Habel J C, Teucher M, Gros P, Schmitt T, Ulrich W. Land use and climate change affects butterfly diversity across northern Austria. Landscape
Ecology, 2021, 36(6) : 1741-1754.

Prestele R, Brown C, Polce C, Maes J, Whitehorn P. Large variability in response to projected climate and land-use changes among European
bumblebee species. Global Change Biology, 2021, 27(19) : 4530-4545.

Wurz A, Grass I, Lees D C, Rakotomalala A A N A, Safian S, Martin D A, Osen K, Loos J, Benasoavina E, Alexis T, Tscharntke T. Land-use
change differentially affects endemic, forest and open-land butterflies in Madagascar. Insect Conservation and Diversity, 2022, 15(5) : 606-620.
T, T2, P4, R B R Ol 50 b S5 L A X (4 0 B B AR AR i —— LU SCTT A ). A= 28284e, 2017, 37(7) :
2225-2236.

Chase ] M, Blowes S A, Knight T M, Gerstner K, May F. Ecosystem decay exacerbates biodiversity loss with habitat loss. Nature, 2020, 584
(7820) : 238-243.

Barbercheck M E, Wallace J. Weed-insect interactions in annual cropping systems. Annals of the Entomological Society of America, 2021, 114
(2):276-291.

Hikkild M, Johansson A, Sandgren T, Uusitalo A, Ménkkonen M, Puttonen P, Savilaakso S. Are small protected habitat patches within boreal
production forests effective in conserving species richness, abundance and community composition? A systematic review. Environmental Evidence,
2021, 10; 1-20.

Kreider J J, Chen T W, Hartke T R, Buchori D, Hidayat P, Nazarreta R, Scheu S, Drescher J. Rainforest conversion to monocultures favors
generalist ants with large colonies. Ecosphere, 2021, 12(8) : €03717.

Heegaard E, @kland R H, Bratli H, Dramstad W E, Engan G, Pedersen O, Solstad H. Regularity of species richness relationships to patch size
and shape. Ecography, 2007, 30(4) : 589-597.

Chen S, Whiteman A, Li A, Rapp T, Delmelle E, Chen G, Brown C L, Robinson P, Coffman M J, Janies D, Dulin M. An operational machine
learning approach to predict mosquito abundance based on socioeconomic and landscape patterns. Landscape Ecology, 2019, 34(6) : 1295-1311.
Beery S, Cole E, Parker J, Perona P, Winner K. Species distribution modeling for machine learning practitioners: a review. Proceedings of the 4th
ACM SIGCAS Conference on Computing and Sustainable Societies. 28 June 2021, Virtual Event, Australia. ACM, 2021 329-348.

Pless E, Saarman N P, Powell J R, Caccone A, Amatulli G. A machine-learning approach to map landscape connectivity in Aedes aegypti with

genetic and environmental data. Proceedings of the National Academy of Sciences of the United States of America, 2021, 118(9) : €2003201118.

http ; //www.ecologica.cn



1134 fidse A5 B THLAR T 2 07 0 SOWBE SR M W = o BE IR S M 5 4829

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Wen Z, Zheng H, Smith J R, Zhao H, Liu L, Ouyang Z Y. Functional diversity overrides community-weighted mean traits in linking land-use
intensity to hydrological ecosystem services. Science of the Total Environment, 2019, 682. 583-590.
Zheng H, Wang L J, Peng W J, Zhang C P, Li C, Robinson B E, Wu X C, Kong L. Q, Li R N, Xiao Y, Xu W H, Ouyang Z Y, Daily G C.
Realizing the values of natural capital for inclusive, sustainable development ; informing China's new ecological development strategy. Proceedings of
the National Academy of Sciences of the United States of America, 2019, 116(17) . 8623-8628.
Jordon M W, Hackett T D, Aboagye-Antwi F, Eziah V Y, Lewis O T. Effects of distance from semi-natural habitat on fall armyworm ( Spodoptera
frugiperda, J. E. Smith) and its potential natural enemies in Ghana. Bulletin of Entomological Research, 2022, 112(3) ; 343-353.
Tikhonov G, Opedal @ H, Abrego N, Lehikoinen A, de Jonge M M J, Oksanen J, Ovaskainen O. Joint species distribution modelling with the -
package Hmsc. Methods in Ecology and Evolution, 2020, 11(3); 442-447.
Holland J M, Douma J C, Crowley L, James L, Kor L, Stevenson D R W, Smith B M. Semi-natural habitats support biological control, pollination
and soil conservation in Europe. A review. Agronomy for Sustainable Development, 2017, 37(4) : 1-23.
Staton T, Walters R, Smith J, Breeze T, Girling R. Management to promote flowering understoreys benefits natural enemy diversity, aphid
suppression and income in an agroforestry system. Agronomy, 2021, 11(4); 651.
Gonzdlez E, Landis D A, Knapp M, Valladares G. Forest cover and proximity decrease herbivory and increase crop yield via enhanced natural
enemies in soybean fields. Journal of Applied Ecology, 2020, 57(11) : 2296-2306.
Wen Z, Yang Q F, Huang B B, Zhang L, Zheng H, Shen Y S, Yang Y Z, Ouyang Z Y, Li R N. Landscape composition and configuration
relatively affect invasive pest and its associator across multiple spatial scales. Frontiers in Sustainable Food Systems, 2023, 7. 1114508.
B, 1 p AR/ Ve R 2 REE FAE S ARAE I [ D] i, R K2, 2018.
FRAR, ORATE, UK, RIS, R BT IR O SR . P, 2010, 61(2) : 33-34.

AW 2R HR B 7 3 TR SR I TR] B 58 00 2 5 PEA . S ARk, 2017(5) « 84.
FRUE, FUIS, BT, BB, TXRE. AR T T RSB 8 B b i 5
(2): 464-474.

DL RS DU A . 38284, 2018, 38

Westphal C, Bommarco R, Carré G, Lamborn E, Morison N, Petanidou T, Potts S G, Roberts S P, Szentgyrgyi H, Tscheulin T. Measuring bee
diversity in different European habitats and biogeographical regions. Ecological monographs, 2008, 78(4) ; 653-671.

Hodson T O. Root-mean-square error (RMSE) or mean absolute error (MAE) ; when to use them or not. Geoscientific Model Development, 2022,
15(14) ; 5481-5487.

Aksu G, Giizeller C O, Eser M T. The effect of the normalization method used in different sample sizes on the success of artificial neural network
model. International Journal of Assessment Tools in Education, 2019, 6(2) : 170-192.

Chen WY, Chan Y J, Lim J W, Liew C S, Mohamad M, Ho C D, Usman A, Lisak G, Hara H, Tan W N. Artificial neural network ( ANN)
modelling for biogas production in pre-commercialized integrated anaerobic-aerobic bioreactors (IAAB). Water, 2022, 14(9) . 1410.

Hollings T, Robinson A, van Andel M, Jewell C, Burgman M. Species distribution models: a comparison of statistical approaches for livestock and
disease epidemics. PLoS One, 2017, 12(8) : e0183626.

Burks J M, Philpott S M. Local and landscape drivers of parasitoid abundance, richness, and composition in urban gardens. Environmental
Entomology, 2017, 46(2) : 201-209.

Sardinas H S, Kremen C. Evaluating nesting microhabitat for ground-nesting bees using emergence traps. Basic and Applied Ecology, 2014, 15
(2): 161-168.

Schirmel J, Albrecht M, Bauer P M, Sutter L, Pfister S C, Entling M H. Landscape complexity promotes hoverflies across different types of semi-
natural habitats in farmland. Journal of Applied Ecology, 2018, 55(4): 1747-1758.

Hass A L, Kormann U G, Tscharntke T, Clough Y, Baillod A B, Sirami C, Fahrig L, Martin J L, Baudry J, Bertrand C, Bosch J, Brotons L,
Burel F, Georges R, Giralt D, Marcos-Garcia M A, Ricarte A, Siriwardena G, Batary P. Landscape configurational heterogeneity by small-scale
agriculture, not crop diversity, maintains pollinators and plant reproduction in western Europe. Proceedings Biological Sciences, 2018, 285
(1872) . 20172242.

Guo Q F, Fei S L, Potter K M, Liebhold A M, Wen J. Tree diversity regulates forest pest invasion. Proceedings of the National Academy of
Sciences of the United States of America, 2019, 116(15) . 7382-7386.

Seibold S, Gossner M M, Simons N K, Bliithgen N, Miiller J, Ambarlh D, Ammer C, Bauhus J, Fischer M, Habel J C, Linsenmair K E, Nauss
T, Penone C, Prati D, Schall P, Schulze E D, Vogt J, Wollauer S, Weisser W W. Arthropod decline in grasslands and forests is associated with
landscape-level drivers. Nature, 2019, 574 671-674.

Hevia V, Carmona C P, Azcarate F M, Heredia R, Gonzdlez J A. Role of floral strips and semi-natural habitats as enhancers of wild bee functional

diversity in intensive agricultural landscapes. Agriculture, Ecosystems & Environment, 2021, 319. 107544.

http ; //www.ecologica.cn



4830 JAE = 44 %

[48]
[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]
[59]

Bliithgen N, Staab M, Achury R, Weisser W W. Unravelling insect declines: can space replace time? Biology Letters, 2022, 18(4) : 20210666.
Uhl B, Wolfling M, Fiedler K. Qualitative and quantitative loss of habitat at different spatial scales affects functional moth diversity. Frontiers in
Ecology and Evolution, 2021, 9. 637371.

Wang B X, Cheng W M. Effects of land use/cover on regional habitat quality under different geomorphic types based on InVEST model. Remote
Sensing, 2022, 14(5) . 1279.

Boyce M' S, Johnson C J, Merrill E H, Nielsen S E, Solberg E J, van Moorter B. REVIEW ; can habitat selection predict abundance? The Journal
of Animal Ecology, 2016, 85(1) . 11-20.

Borkakati R N, Saikia D K, Buragohain P. Natural enemy fauna of paddy and horticultural ecosystems in upper Assam. Indian Journal of
Entomology, 2018, 80(3) : 658-661.

Letourneau D K, Bothwell Allen S G, Kula R R, Sharkey M J, Stireman J O. Habitat eradication and cropland intensification may reduce parasitoid
diversity and natural pest control services in annual crop fields. Elementa: Science of the Anthropocene, 2015, 3: 000069.

Bartual A M, Sutter L, Bocci G, Moonen A C, Cresswell J, Entling M, Giffard B, Jacot K, Jeanneret P, Holland J, Pfister S, Pintér O,
Veromann E, Winkler K, Albrecht M. The potential of different semi-natural habitats to sustain pollinators and natural enemies in European
agricultural landscapes. Agriculture, Ecosystems & Environment, 2019, 279 43-52.

Priyadarshana T S, Lee M B, Ascher J S, Qiu L, Goodale E. Crop heterogeneity is positively associated with beneficial insect diversity in
subtropical farmlands. Journal of Applied Ecology, 2021, 58(12) : 2747-2759.

Bartholomée O, Aullo A, Becquet J, Vannier C, Lavorel S. Pollinator presence in orchards depends on landscape-scale habitats more than in-field
flower resources. Agriculture, Ecosystems & Environment, 2020, 293, 106806.

Deneu B, Servajean M, Bonnet P, Botella C, Munoz F, Joly A. Convolutional neural networks improve species distribution modelling by capturing
the spatial structure of the environment. PLoS Computational Biology, 2021, 17(4) : e1008856.

Awad M, Khanna R, Awad M, Khanna R J E L M T, Concepts,, Engineers A F, Designers S. Support vector regression. 2015 67-80.

Valavi R, Elith J, Lahoz-Monfort J J, Guillera-Arroita G. Modelling species presence-only data with random forests. Ecography, 2021, 44(12) .
1731-1742.

http ; //www.ecologica.cn



