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Spatial patterns of forest insect outbreaks: a review
JING Tianzhong " , LI Tianyu
School of Forestry, Northeast Forestry University, Harbin 150040, China

Abstract: Forest insect populations show some spatio-temporal patterns, and spatial synchrony is the most common one.
The properties, causes, and study methods of spatial synchrony of forest insects are reviewed in this paper. Spatial
synchrony of forest insects is ubiquitous, but varies among species. Spatial synchrony often decreases with distance, and is
related to temporal scale. The Moran effect and dispersal are two of the main mechanisms that explain spatial synchrony,
and the Moran effect is usually larger than that of dispersal. Research methods involved in the acquisition of pest occurrence
data, the measurement and the causes of synchrony were also reviewed. The reconstructed occurrence history of forest
insects using dendroecological analysis can provide reliable data many years after the occurrence, worthy of use as a
reference for researchers in China. Both spatial statistics and geostatistical methods are powerful measures of spatial
autocorrelation; however, they have not been applied extensively to spatial synchrony studies as they do not deal with
multiple samples over a period of time. Variation partitioning, using distance-based Moran's eigenvector maps ( dbMEMs)

as spatial variables, is a relatively novel method to study the driver of forest insect outbreaks.

Key Words: outbreak mechanism; spatial synchrony; spatial autocorrelation; dendroecological analysis; Moran’ s

eigenvector maps

i 25 1 72 ( spatio—temporal processes ) J2 Fifi B [H] i 2 117 & € KT 42 (objects ) B %5 [ 5% 5X ( spatial patterns, 7
SCIRFRZS RS SR ) R SRR A AN T A 58 38 WA Al S i AR AT RE A AR AR Pl T R

E&UH . BXH ARSI H (31370591) ; By A5 RS 3451 H (LBH-Q14012)
rfE B #9:2017-03-22; ™ £& H ki B #A : 2017-00- 00
# MIFEH Corresponding author.E-mail ; Jingtianzhong@ 163.com

http ; //www.ecologica.cn



2 S % 38 &

HREHATOT AR AR R RXER , PR M TR, VB — DS R (ecological process ) , £k
MR HUR R AR SRR — %2 A 25 4845 ( spatio—temporal patterns ) o £EA [A] JUEE L A i LEA R JC A, T
WS E AR AR R . BE b MR I A BT BRI AR S 2% 1, ANIRGE (spiral waves) (25 (]
1R (spatial chaos) FlliA% (crystal lattices) 55 . PHHP Y 20K Orgyia vetusta WIFPEERL 5 B —Fp« ¥ R BE ( Turing
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B Z TR AR AR S . Haynes'® 388 ] Spearman BkAHSER BE [R50, 3 28 B 2t [l 6V 10 I A R A
JFHIME 22 A4 ( correlation among series values ) BRI 7 20 42 90 4EACA5 2] Tz ™ (HAAH
KRR B A R AR B A 282 E R X, X7 R 25 SR A REHERR RIE HEAS B B i s i

Hanski #1 Woiwod 7E 1993 442 Hi | 6] A5 ¥ I 12 48 19 2 A% 4k 3 % 18 13 [6] 48 5% ( covariation in rates of
change) "', AT F MAF SR AE B LR AGIH I F S (R, = N,/N,_ 8L R, = log N,— log N,_,) BRI Mok F RS |
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SRR REASR W AL PE R XA SC, RN B B B PN e 9 AT — 2 A8 5l . Buonaccorsi 45 ¥ it — A fij
$E"J§%ﬁb§,f1y =74 i R SR EL (T-1) 1 24,1 N4 Kendall’s tau F2SIE

Xﬁm%{ﬁﬁ,ﬁ\'_‘l:_.’*&ﬁfuﬁﬁ?ﬂ?E/‘J*ﬁﬁc‘l‘i(Coincidence of peaks or other extreme behavior of the series) VORI
FF0r5EH MR R TETOCTE I X R A RN . BT BB R BRI 5, R ks sy T 2smrsr ',
XTI R R B AR AL 434 ( phase analysis) o 12077 A B 70 1] € e ao 25 8] [) 20 1 | )0 — 245 2
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MASGASE, BRI A5 20 B0 )32 (g FH™ . Mantel 650 85 15 S 3CFRBIF 5T 19 AR 8735 . %5 T5 J2& Mantel F
1967 AFEHZHI R30S R 1 1] BE 25 ( distance ) S5 AR (similarity ) Z /8] 09 SUASC R, J5 R ARGk 1
fTH: Y — 263 e o, an 3k TR 2 i fmAH S 5t 11 ( partial correlation statistics computed on distances) Mantel £
X ( Mantel correlogram) 2 44 Z2 5 [7]1)H ( multiple regression on distance matrices) DA 221 255 [ 6] A
B EREE ( test of congruence among several distance matrices, CADM ) 4050 fl Mantel #5365 Mantel 484, AN
Rl Ab7EF 25 58 T4 3 AN FF I 200 (IR RS BEE 25 ) 11 L Mantel AF DG 11 S5 I 15 43 0 1) P 9028 031 Y
P ROV T T8 R R 1 1A DGR B R 75 R Tl N T il () S A 38 F AR DG . SRS P E AL 1Y) Mantel z {H
SR EBIERY . S—Fh 2 AR S5 ik NCF ( nonparametric covariance function) ¥, % J7
A8 1 A 2% (smoothing spline ) 3K 7= A= 25 [8] i 75 22 VB S I 8 SE3R pR B0 B 3% 22094 11, - bootstrap
WP A THE R BAFIXE Y, Gouveia' VW —2055 — Wy 22 CANZREE ) W BEAEN X NCF #E17 T4, Bkl

iy NCF ( partial nonparametric covariance function) ,
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A9, FX A LISA ( Local Indicators of Spatial Association) , LISA A3 T3] H Moran’s I 5§ Geary’s ¢ #4743
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R EE R | R KRHEE R Malacosoma disstria T£Z2 RKBEAE PEACER 22 K WEAE ZR 350/ B v P R A g AL v ve
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“AEE Y, Choristoneura fumiferana , 75 M AN 2E /NG Zeiraphera diniana | ILI¥S/Nag Dendroctonus ponderosae Fl
PEREI Lymantria dispar’® 2B B R0,
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PRI ) O ARRLSE M, 245 ) B 288 114 EL A 50 G b ) 4 B8 AR sh 25 1 SRR B 1R 204k . X3t B Moran ) 48

http ; //www.ecologica.cn



4 A E = 38 &

I i Royama'*!! 5E3% 9 Moran ZLW (Moran effect) , 3 B2 1] [R] 25 14 52 Wi 2 38 2o A P4 FP FEBI A ( phase
~locking of cyclic populations) SEHLAY, 4R Y Hicts 23 1o 25 (8] 175 5 A9 VR T ( spatially induced chaos) 7] #2 %5 [H]
St (spatial asynchrony) , X BT B AR (mode ) 1) 3 G FhAIL Sl 7T A 2 ¥/ D, (38 % 3 i A
PRI S A ARAE I . DS PREE AR DGR BIGHE ZHERAR /N 33 AR BIL ) A 52 ESOW A48/, T 328 B AR,
BIAF 5 5 PR AH G AR B, PRI 7R 38 1 0 244 22 18] (4 PR AH SC P Ay TE IR, 38 2o 17 SRR A 38 i) R[]
AAELCSEPRIE BLE /N HLBEAE RS PSR B B, AhAE ] DM T R R L P A B R ] 20 A B =
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HR S5 R RE Y FER PG 2 A AR R 1 TR D M 2 R Moran BN TR H I Xk F bR ER (f2
T AL SEDNFNRIIN ) 14 26 FhARAREEH H B U 140 W KGRV TR, SRR Rl R Fpg oK
b5 R MG TTRIVERE 2 K 119 JET I B e 3 1) R A5 5 R B 2R 1 AR A DG . Peltonen X Jili 2 K
5 FERRAREL A SRS bk AR B AT T ST, SRR, AR RDE MO A B ST B IR R .
FeZ B BRI ZR B2 ) AH DG P i e A 5 Y [ AP K o BRI T R sk 2 B R 43E , Moran 2500 1] E 2 52
i) 2 () Sh A P P B2 ), A8 H s Bl B 437 52000 111 ( Appalachian ) (9 7% AR H , 10 FhissE (4 25 (7] [7) 45 B <
SN TUREN, 8 2/ R R TR ARk B Bl R B30T L ik AL ( Alpine arc) 65 4~ H 5 Y 3113 4R
TR R LR R A 3T R W, 95 MR /NG K Zeiraphera diniana W9 % A2 5 WA 20 LUK A SR AR fE A —
S e BT 0 % PR SRR Y R, R N R (R BRI ) RS LI K /INEE Dendroctonus rufipennis %%
7,{[3’]35%.?““ o TEZE[E ,NAO( North Atlantic Oscillation ) 8505 =228 W Elatobium abietinum W)= [8] |6 2
PEAHIE . FE PNW ( Pacific Northwest ) i X [ H 0 AT | 58 8 1 PE 38 = AZ 481K Choristoneura occidentalis =4
M i & A BRI, R A ST R A& SR YA 20 Bl s AR T R, 7E KB R R |
(>4 4F) ,80% B[R] AT A RS RSN Y B Loxostege sticticalis J&=—Fhif CPE R H, HAEH [ |
R 2 ST YRS 3 R S5 oy T 14 R e A LA o IR 2B | 10 23 AT T RS SR Bk — R AB M iy R B R

B T HA T R R AU AN, B s R A [R5 5 2 R B 1 LA ) B (H AR B R P LT
YERIPT LA 20 . TEJLRIRTR, = A2 /NG 2 e 1) 25 ) [i) 20 P 3 & Y Moran 2800 1 ey 1) 47 IR 2 [ 4 T 19
GERL

HE A BRI, A L0E B R AR Y U Moran SN R AFRE PRI AH B AR a] RO 2 AR 4
PRIAE T AR FEURAAE Y L M e 0 PR EE AR5 S 1 [) 25 1 7T R 25 8 25 5L TR 7 3K 20 7 1 [l 251 4
I o AN RN ) T R A TR BTG R T R TR A 1967—1998 AF Y ic SR AR 4
Mk E , KL W R Z 0 H LA SAZ G5B C. fumiferana TEINEE R RMEAE 125 [0 4340 S &
WA AT ARAREL H R R 123 () [ A5 M: 52 B R AR BRI 52 R . S A2 B, C. fumiferana TEAS 5
FEE M (CRAR) T B9 & A2 S 2SN RE FHAS A BORE b 2 09 SR A e . ZEORAPT DX (L ASRAR) He s [] [m] 25
FER TR AN B CRARIR AR ) M IR A S HURRAE (B A B Wi 1 AN [ 25 A 2 A% O it
SUFR AL ARAF AW = BEAE ) W A RS M P B R A 1 21%—34% , TE K Aw SRR S R S
Tl A e A S 1) 28 1) 1 R OGP A7 A 1 BE B Y 1R Ol 788 m—461 m, T 55 B ik 4 B HTHGE FL R 100 m—
1 km[54] .
3.2 Zs[alfa) A A I 5T O v

—aS [ R ok A AN D T, — 2 H B A4S [ 254 B8 AR R A5 (8] A A OG; ek A TRA %

] F AH G AN R 2R (CAnEREE IR R ) |, Bk A 53 19 25 [ (induced spatial dependence) . 3 HH 0 T, X W
T3 THRARME X 3 1 . X ARARE B AT, ELE RS () A ARSC 2§ B R 5 R, 155 5 19 25 TR ARt

http ; //www.ecologica.cn



10 41 SERAE A AR HU AR A s TR R AT 7 5

FZEHH Moran W5 . XFARARORAP AR, X HLIE B 23 (8] A A SR TCRE N I . ARARIR B TAE# ME—fE
MO R T 5 10 72 TR AR | AR A1 B A58 DR 3R 1% 728 Ak 1 2 AF DG 1 A8 B it

H 25 TA)AH DG () RARAFTE , [ 53 5 AR B AN 2 B AL % FORE B0 S 1Y, AN e — 2o 2 i iy 5837
DT EOR AR 22 (BRI ACR I 3 A SE Tt i, R 1 IXAr R R (23 [ SR FAR RS AL £
Tk 7 o 23 A) [A) A PE 952 |, Haynes ' SR T MRM ( multiple regression on resemblance (or distance) matrices)
PRBIFE—A PRI AR T P 28 O RV P 55 JHL o e A2 B B AR (R PR P O 2R, R 14 23 () 00 30 4 PR AL B 38
355 PR MR A0 Ay e e A o o7 DR A b R 1)y 25 0 B0 Ry PR KRR 28 TR UR (™ 180) o Foster™ Sl
FH—1 1 B ) R AR R NS5 25 73 5] (hierarchical partitioning ) R AFFE A7 £ F B Wt S5 A0 1 | 3 RAE S 4%
SRV P15 100 o) S 25 8 8 (1) 2], SR 0 AR P72 S R BRI 9 3 22 19 2 [) E RH DG

i PR & RO AR R AR, 2 oy X B AN ST A 880 35 BEATLASORE A A B B 25 AR TR 2 A B0 It 7 7
— AT REZR | DI A RS 4 AN 57 ) [R) R8T FE GLM ( generalized linear model) . GLS ( generalized least
squares ) \LME (linear mixed—effects model ) ,GLMM ( generalized linear mixed model ) ,GAMM ( generalized additive
mixed model) B GEE ( generalized estimating equation ) S5 7Y Hf fin A LLAS S oK E 38 1) 25 (A AH G 4549 . Zuur
1E Mixed Effects Models and Extensions in Ecology with R — 5 %} 33 $6 75 1 (19 1 F A 1F 240 19 S f 0 2% 451>
Dormann F* 2007 4FX 3046 )y B AT 1 BB 27 . M T 28 11 AR IR AR | X LEAAL T I 25 44l A1
TEAN B A LS BT AN (B T 3000 A (0 B 2 25— 86 FE XX S 75 2 AT PR PRI i b7 A2 it rpr i3 22 43 A1
ROZRAIN & — D HE bR e, X FIEAS T, 2T GLS By ¥ ( GLS, SAR ( simultaneous autoregressive
models) ,CAR ( conditional autoregressive models) ) EH AR, X HA A [R5 255040 1925 (8] A AH AR UL, e R
977120225 (8] GLMM F1 GEE, JAETEAE# BOBUUMIT 5T thodt REC AT IFA S, A PME R I7 B R RLIX
A B SR AR FIBEN LA B [ B (SAR FT CAR) 7 2 X6 A ER 4 [ il 58 — N A 9 7 28, TR
TERFFE B AR . GEE 5 2R & A BE 1 R A SRS GEE 1373 Jr AR, RIHOM B ORFEASTIT 35, 7R
AR B PR 8 A B (R E RIS & T E BN IE MR £ . 78 S e b — A 4 1) SR w2 A TR 9
RIHATIE SRS 2T AIC ( Akaike information criterion ) FIAREXT iX LERT AL T LLEL

UEAEAR | R B 22 1) T 52 4 25 [0 <18 3 AKCA 532 Wil o B0 445 44D 118 — 26 T V6 I 1) 3 (An ) 1 e e
1 EX ST £ 2K ] MEM ( Moran's eigenvector map ) R ZS )AL 8, MEM 22—k H F—~LI—%
P 179 22 [ B 25 D0 2% () AR ) i, X S ARA AR ] et A9 e ) 25 (R AR B e 3R ) R o7 8 1 HE 27 PRI
FRFEIN . MEM B a2 T LATE T A RUBE B AUl 25 )42 S5 Ty HLaX 46 MEM Z [B] 2 EAC Y, FERFSR i
MEM 8 73 jll— 2L T BRI XS WA R I AIFFE R, HTX 28 MEM Z [8] 52 A2 Y, 518 2 ) J2 R AR A 57 Y
WA ] LR R AR S PRI AT PR | 40 45 AR 5 43 if (variation partitioning ) (s8] . MEM T XE#r%k
P ¥R FE R, 7T AME % (asymmetric eigenvector maps) , MEM B4Rt o] B T 1R S0 A 04 HOR
ok T I TE] 50 43 Hr E, MEM 228 T LA— 5 I 1] [ B ( BCEIR (lag ) ) AP A ] 252 25 00 466 Y R i) o

AR S R R A I SR S U LA ST 2 G, — AT 4 DN — DS R R ALY (a)
— AN AR RO R I SRR Y 25 R 2 43 (b ), — SRR Y53 (o) LR — DR ERER A 5 (d) o AR5
— AR BRI T LUK BE S BE T AR (V, = Zavbrerd) " THRALE RSB H DL Venn B IE AR I,
AL AT LA B WL ORI 2H O3 7 U Ak 1 2B 3K BN )

4 HRMBEEREHIEARE

AR R A R B 3 AR IR, SR LI B s s SR R R
AR Y L R R IR A SR T AR LI B e B —E
AP ARR . IWEN RS , B2 M7 0 RO TAEE 1l AKOF A it — 2B 82, i MO # AR
52 | DT 2R Hs 229 2 BN ae . o 288 —J7 TS B4R R BRI, AN 20 AR A3 E K i s s 8t , 55— 5 T

http ; //www.ecologica.cn



6 S % 38 &

Bl R &% Z R RIZENEN T, 5 =8 2R F B2 R R AR AR K AR BS 47 Dy s s 19
L, — 71, “Trees don't lie” , PRI A4 1) T 5 M AR 5 5 9 — 7 I, I ARAS 4 ) by e 5dle (L e 48,
ELE TR BRI o TR I LS X R IR C T T AR A Y . R
PS5 B R AR D R CR B T i SRR R SCCk B R EE . TR AR AR
BT AR A T AR WA 0 A B T 2 75 AL A T T 2 2 5 AR A 1) A R i s il AL v R 5
B IEAT AR A K E A BTE IR TR Z AR O TR B R AT 5K IE S, YR A
FEE O AR MR SR ARG 5 . 8 O FRAAAERT (B BRPE 0 0 3 2 LT ] L 2 1Y T
W e SR R R S AR AT B R, S8 D R AR, R B E R AR R /N, B A KA T
Rl FEBOREFL X M BRSO I AR

A IE B A YK F A AR SR AR 22 Ok I AR A K 2 TR ARy (AR 56 i
FARENEN) SRIGHERR B AR A KRR A S KBS R SRR EENZm, F R
e D P A A AR AR T H R A T S ) i A EBURE B AL b IX AR SR W B, SRl R A A 2R T vk 5
AR—FE, ANFEZATETHE BB LA R, 8% K RWI(ring-width index ) PR E H HBKAFED, B
Sese RWI i3, A .RWIL = R /G,

A RWI 2 ¢ AR RIAEE YE AR, RN ¢ SRR SEBRARARR ST, G, Rz FE O TE ¢ AR L35 AR AR TE 1
RWI 6 3 4rE 25 RWI I FIHLIX RWI 75, XD 0 B B9#e 23 G R R AR AR K g, 15 2] 5F
MO AR A SEE AR Y T RWI 0938 BaAil i 37 O 25 AR E /e AR, B m AR R A K
A, HZ LS EE R, TR £ 55 EERRAR R R (2R ) b ZAr R SR
Hi DX RWI 3 1 0 SE AR 3 B 2 R SR AE— A R 8 R 1L DX P 11— S8 /N Hl DX v, DRt i DX T ) Jal
BT M E SR, SEREZI, KRB RE— MR R EENEZ—, F
2 F RWIIEASBEHERR A I B FENR , M X RWIIETERE FIRTT AR . I & A4 175 150 AT 308 el 80 i A0 s PN ) 2k
JER A R SO M I 208 3, IR N, 4 K 2800 FRARER I R AR UK A MR TR RIS ERAS K, T 1 2k
KPNZIA LT, MR — Ry R T8 LR, WFFT 45 R AIAS IR 75 25 A AR AR Lk A9 A

5% RWI 2R Swetnam ' 105 28— MR IEIFE %L, B

1,=1 —(I I 5D,
et~ Thyt <n,[ n)(SDn>

A 10 RWI, e [UEIEREE ¢ BN 4F 0 BN 0 BNAES 3, SD B b, 1 B NF
] RWI,

SRIFHE— B BRI B B R4 1 Ryerson' ' SR A LU ARUE . (1)K IAREL)S , R 8 ANl ; (2)
KAAEIRTIG A 1AM (3) ZBAEXEIN A 1 4R 18T -1.28SD,

T H X RW 325 (400 RE bR v 2 4R R0 A0 RWIT/NT 1, HEEHLIX ) RWI R T 1.28SD Kl K52 T4
AE ., HIX Y RWI S22 X N B RS B0 40M8 . 1.28SD & — AN A bR o, ZEBTF 5% v ol AR 3 B A4 175 1 1k
FTA%, Paritsis' 16 & A AR O O Z 2 IR URH T RWI (B, Wi 24K 30 LR 3 M4niE: (1) 4RSS
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