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Nonlinear analysis of insect population dynamics based on generalized
additive models and statistical computing using R
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Chinese Academy of Sciences, Beijing 100101, China)

Abstract  Population dynamics are effect by ecological factors such as climate, natural enemies and soil conditions.
Nonlinearity, complexity and uncertainty are inherent in insect population dynamics. Generalized additive models ( GAMs)
are often used to analyse nonlinear or non-monotonic relationships between response and explanatory variables. These
models provide effective tools for exploring the dynamics of insect populations and their primary driving factors. This paper
introduces the use of generalized additive models in insect population dynamics and their analysis using R. The
relationship between the population sizes of rice leaf folder, Cnaphalocrocis medinalis Guenee and the duration and amount
of precipitation from 1973 to 1990 are modeled using GAM.
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T X m M A ( generalized additive models,
GAM) , A AL i F T o 7 728 k5 ik R 7 it 22 (]
18 G 2R 2 AF Ze M A AR S0 Y B A o3 B (BT AE
2005) o ARJITSE F0, AE RO G v o B b, B AR
ZIAJRH O 56 & H 0 75 1 1015 43 BT (regression ) .
%ﬁ$ﬂ‘]‘fﬁﬁ%*ﬁ%‘i@ﬂﬂ*ﬁm(Simple linear
i & A — A W R A
variable) Y Fll — /> fi# B¢ 2% 1 (. explanatory variable )

regression ) , i ( response

# BEHNIH < 5K A SRR 2R B (31200321) Al [ 5B 32 #9191 H (2012BAD19BOS) .

w5 30 IHAE %, E-mail ; gef@ ioz. ac. cn
W H 41 :2013-06-08 , 437 H ] :2013-06-30



41 WK BH 5 45 < BT SCT A A A B SRR R B A AR et e M K R R H S

-1171-

XY B &ENES X R LR E
(Y/X) =a, + o, X + & R, HX—RKBUHET
ZA il B AT, W 2 F 2R M ] B A (multiple
-, X)) =a, + a X,

o+ oa, X, + e RMERBHEHRT,Y &AM
B X IR Ry et 00 R, L B R LG 5
PEREA — 18 Ao BLEF, TR HE H AR O A
2 TA] 1 R EROTE 2 A A A 7R ok 4 3R AT 22 1E) 1 ¢
Fo — Py AR R e N AR HE A% 50 B Y eR ROE
X, el h g(muY) , H muY =E(Y/X, - - -,
X,) o BRI RIR N :g(muY) =a, + a X+ + - +
a, X, + &, FRZ AT LR, I —Fh 5 L2
62 B0 I8 2R 3k me 1 AR A% ORI B i R R
XN R, f(x) Rom, BEAIAT RIR N E
(Y/7X) =f(w) o $FHHET BN 24 B AL T 1], A
BASHR E(Y/X, -+, X)) =a + f(X)-++ +f
(X,) + &, FRZ A AR (additive models) .
PP 7 XG55k ok, WA A] 33Ky

g(muY) =a, + (X))« + f,(X,) + &,
REA ) SCR] s sy,
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Table 1 Distribution of response variable

and link functions

M o7 2 ik 4 A TR T pR R
Family of response variable Link functions
IE& oA
Identity link: g(z) =z
Normal distribution
T A Logit link:g(z) =

Binomial distribution log(z/(1 -2))

T I3 A

Negative binomial Inverse link: g(z) =1/z

distribution

AN 43 Aii

Gamma distributions

HEEVN i

Poisson distributions

Log link: g(z) =log(z)

Log link: g(z) =log(z)

(2) 1A 2t

IS S U3 N L R T D VARG =S R M
WA R B Z IR 06 R o R 3RO T 11 R 2 i R
A5 AR R AU 2808 2 JE 2 808 2 i E o B
R 14 B A L, ST ) A0 I R B S5 Ay A
AR}, 75 B 2% [B 2E 3R B (equivalent models) . X
Tt 28 RO R AR R I T A g —
AT ATECAT RE AR AL G DA [ A RS 1Y
A A 22 A 2 BT BB, B DLAH [ 0 A R A2
T FUAS [ 1) 20 5 T8 X0 #8804 S 6] T8 =0 R A A
AN TR 2 A5 2 S 8 A [) 55 2 11 4% fik e 72 1) ey
FOE AR TR, BB i R HOE AR A o w0 45
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iR 1 g(muY) =a, + f,(X,) + &

*ﬁﬂz g(muy):ao+f1(X1) +fz(Xz> +
&

MR g(muY) =a, + f,(X,) + + + fi(X,)
+ &

(3) AU A 55

[Fi) IR 2% P 1 £ 1) 485 D10 32 R 4005 16 T A T
FET X0 A0 A A 22 AR R S ) R AT A SR Al
AR R R g () BT R R R X,
() BAS BE RR AR S, (- - ) Al T ORI S 8 Al S
T5 M. i HE R B AS T A R B AR 23 i (local-
scoring procedure ) . F ¥ 5 % ik ( average
derivatives ) ( Hardle and Stoker, 1989 ) #1 KR i [n] 19
¥ (slicing regression ) ( Duan and Li, 1991) %,
A e pR BB A T A RS B B8 R B b LR R B 2
PE Ry AL F% Bl 2 PR O T ek R, RO T R AL
(Rosenbla, 1971 ; Hardle and Gasser,1984) , Flff &
PR ( Schoenbe and Greville, 1965 ; Reinsch, 1967 )
S W HRDLE S8 B AT U SRR
i 2% ( generalized cross-deviance, GCV) Fl 3k i {5 &
Y#EN (akaike information criterion, AIC) ,

(4) BRI A

Xof R A Ak B o O 3 W AR T SR
HIK B F B AR A OE AR B T SCRT A AL
0 B HRh A 2 25 AR et 40 A, e 1 Al A L Y Tt )
BEE A 1) [l RSB v i A A 25 DR (i R o)
R332 W 227 38 31 A 35 7K 5 2) AR 2 T A AR RS TN
852 ) 157 38 3] 8 25K S B T4 T, DUBE BLPF AN 48
PRUN GCV 8 AIC Sfe i 3 th e AR B B4 . H Al % 1
77 2 02 N GOV B ATC (B $x /N 19 8 8L O Fi 11
FAY

3 TXAmMEREEK REFTL

FHT i) B2t b R 52 22 b AR 25 IR 1 B 2 A T
it 2 WP ff AP A A IR 3 0 % i R 8l 2R B G A
A7 R AR TR R AT 3 2 P T, AR 2k
W IELRMERY . DL 2 Bl o, BN )T Sk
BERL oA 1973—1990 47 JE 1 [y 4F 78 I A5 it i 4

AR T -5 o T A 8 R ORI 6 T e A AH O A

J7SCA ISR E R e AT TR A R B4R &
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Table 2 Population amount of rice leaf folder,

duration and capacity of precipitation in a study region

8 W T 5

gy B4 5 5 (i
Year PR RE(D) Precipiiation)
Adult Day
1973 27 285 15 387.3
1974 239 14 126.3
1975 6 164 11 165.9
1976 2 535 24 184.9
1977 4875 30 166. 9
1978 9 564 24 146. 0
1979 263 3 24.0
1980 3 600 21 23.0
1981 21 225 13 167.0
1982 915 12 67.0
1983 225 17 307.0
1984 240 40 295.0
1985 5055 25 266. 0
1986 4095 15 115.0
1987 1875 21 140. 0
1988 12 810 32 369.0
1989 5 850 21 167.0
1990 4 260 39 270. 8
(1) 2% 5 Fiil 43 By

A KR 2 BRSO SR i
44 : Rice_insect. txt,

R H Mz A7 a0 T 8B 1 #)5 T 1) 3
FRARR R EF A IR

library (mgev) — # Jgk R FAF P #Y mgev #f
&

Data < — read. delim (" Rice_insect. txt" ) #

1 U A K Al
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R R Console
> Data <- read.delim("Rice_insect.txt")
> Data <- as.matrix(Data)
> Data t FHERESR
Year Adult Day Precipitation
[1,]1 1873 27285 15 387.3
[2,]1 1874 239 14 126.3
[3,]1 1875 6&l1l64 11 165.9
[4,]1 1876 2535 24 184.9
[5,1 1877 4875 30 166.9
[6,]1 1878 98564 24 146.0
[7,1 1879 263 3 24.0
[8,]1 1980 3600 21 23.0
[9,]1 1981 21225 13 167.0
[10,] 1882 915 12 €7.0
[11,] 1883 225 17 307.0
[12,] 1584 240 40 295.0
[13,] 1885 5055 25 266.0
[14,] 1886 4085 15 115.0
[15,] 1887 1875 21 140.0
[16,] 1888 12810 32 369.0
[17,] 188% 5850 21 167.0
[1r,] 1890 4260 38 270.8
>

nc . LOISO1 C

+ 24FEeeE

> agonorm{log{Datal,2]})

> |

> hist ({leog{Datal[,2]), breaks = 10,col = "red"

+ main = ~FHEBAEHELABHRESKSHE ¢ LHMKSAE

=

+ EEUE R
+ TEEEL, BREERR

zlab = "log (A EHBE)~,

E1 RiEE

JIEITR S IBTEE

Fig.1 Run command in R project and display data

Data < - as. matrix (Data) # (3% v 2 1k,
e A U R 3K

Data  # %45 R

e QQ EIAMM I o A B (18] 2)

ROEH M7 ar 2 1R #5101 305 R R X
RO H a4 R

qqnorm ( log(Data[ ,2]) ) # 22 HE S QQ
&

hist (log (Data [, 2]), breaks = 10, col =
“red”, xlab ="log(&fCRITHE)",

main = “ [y 4F F5 9\ 4 I 4 A2 08k R T
ST # R A R

HEAJE 18] 2 12 QQ BRI o3 A1 I, 91 20 B
I AEAE O\ i W A AR 2R T gl (g 1 A2 ) A S A
R AR IE A5 73 A 2 Y, Tdentity link 11 2 3% 422 R 8

3 A 70 R 7 R A RH DG

RIGF WIsATar 4 0 #)5 1 1Y 305 2R 7R %t

R85 iy & R

cor. test (Data[,3 ], Data[,4 ], method =
“pearson™ ) # T A 45 4 -0 HI 6 B 364 ¢
Lok g

K3 45 R K W pearson #l K R K N
0.5127947 . ARHEFBLAYZK , 2 R > 0.5 Wi, i
B P A 2 25 PR [ T R 282 K H () TR R 4t (mm )
Z A FFAE L PR AR O, R I A A ) I e, Lk
FEH A — AR AR N R

(2) 1L A 4

728 03 BT B 25 2R A AR R I L R
MEBW T Z—ME A & R i iR 4
RE T B Adule £ Sy i py A2 &, B 45 22 K8
Day FlIf# R 4 Precipitation 7351 f= y fiff ¢ 7% 4 1y
R ALY .

1 g(Adult) =a + f,(Day) + &

A2 g(Adult) =a + f,(Precipitation) +
Eo

(3) BRI
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Normal Q-Q plot PIERBAA i AR BT =LA 43 A
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Fig.2 Run command in R project, normal Q-Q plot and frequency distribution diagram

(&S]

> cor.test (Data[,3], Data[,4],method="pearson") # H‘ﬁﬁﬁi% ? B‘J*ﬂ%&, #lﬁﬁ?’l‘@%a

R Console
L LONsSoilc

Pearson's product-moment correlation

data: Data[, 3] and Datal[, 4]
t = 2.3892, df = 16, p-value = 0.02855

85 percent confidence interval:
0.06038009 0.739042926
sample estimates:
cor
0.5127947

>

alternative hypothesis: true correlation is not equal to 0

B 3 RIEFEHIEITH ST Pearson tHX RE

Fig.3 Run command in R project and Pearson correlation coefficient

TE AR R AR B A B S E B A
e 2B B iy A B A2 i Adul, KRR R 45 22 KL
oA F ZZ & Day, B FE W OE A B R &
Precipitation,

12 R mgev BAFALT, XA 1 FIAL 2
PEAT RS

RIEF Mzt ar & 0T #)5 1 B 305 R R 0
R H & MR

sultl < — gam(log( Adult) ~ s(Day))
L W

summary ( Resultl )

# XF

# G HATR 1 AR
K 4 g5, A 25 D T BT R 22 K ( Day ) 1Y
YEFH B2 K F- P o= 0. 489, i3 WA iZ IR 7 82 Wi A

e

Ho

sult2 gam ( log ( Adult ) ~ s
# PRI 2 AT
# i RTEY 2 g5 0R

5 4R, A 5 T B i ( Precipitation ) fY
YERII M K- P =0.0772, BLHIZI F7E P <
0. 1 KT 2. N T AET5 ki 2, AR 30k
JEP<0.1 N EKF. —BAFRLKE P <0.05
PSR ¥ S

(4) BRI Ak

AR A8 Xof A A5 A ) Al B REHD 1 v [ R A 4
KAEL Day (i B8 ) (952 00 oK 5K 3] 1 3 KOF . 8
B2 B PP [ R R Precipitation (fif B AL ) A 520

< —
( Precipitation ) )
summary ( Result2)
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iy I LA C

> Resultl <— gam{log(RAdult) ~ s(Day}} # ATEER1JF4T44%
> summary (Resultl) § miﬂ&&l%%

Family: gausaian
Link function: identity

Formmla:
log (Adult) - s{Day)

Parametric coefficienta:
Eatimate S5td. Error t value Pr{>|t|)
{Intercept) 7.8427 0.3607 21.74 €.49e-13 **r

Signif. codea: 0 ‘**** (0_001 ‘*** Q.01 *** 0.05 *.* 0.1 * * 1

Approximate significance of amooth terma:
edf Ref.df F p—value
a{Day)y 1.713 2.139 0.762 0.489

R—aqg.{adj) = 0.0471 Deviance explained = 14.3%
GCV acore = 2_.6898 Scale eat. = 2_.2844 n = 18
> |

=)

| |? SNBSS |
Ny I NAMESO L

B4 REFHETHSHEBIER
p

Fig.4 Run command in R project and result of modle 1

' =

11

> Result2 <- gam(log(Adult) ~ s(Precipitation)) # XIHREEFiTEE
> summary (Result2) # ﬁ}ﬂjﬁﬂz%%

Family: gaussian
Link function: identity

Formula:
log (Adult) ~ s (Precipitation)

Parametric coefficients:
Eastimate 5td. Error t wvalue Pr({>|t])
(Intercept) 7.9013 0.2731 28.94 1.87e-12 ***x

Signif. codes: 0 “»%* 0.001 ‘%' 0.01 ** 0.05 *." 0.1 * " 1

Approximate significance of smooth terms:
edf Ref.df F p-value
s (Precipitation) 5.022 &.032 2.583 0.0772

Signif. codes: 0 “w¥%%’ (0.001 ‘%%’ Q.01 *** 0.05 *." 0.1 * " 1

R-z3qg. (adj) = 0.44 Deviance explained = &60.6%
GCV score = 2.0168 Scale est. = 1.342 n = 18
> |

BS5 RIEEWNETATMRE2ER

Fig.5 Run command in R project and result of modle 2
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ARIRFN Ko R LA A BEAL Y GOV R,
BT 2 ) GCV score 2.0168 fi /N F 45 % 1GCV
score {H 2. 6898,

PR, W A 2 Ol B AR Y AL 2 4y Ay
FEW  F&TH 12 Precipitation 7 P <0.1 KT i &
S P AR RN M I AR RE S S o Py AR S A I
AR 5 R A OCHE I 6,

25000

15000 —|

5000

s(Precipitation,4,15)

-10000 —

1 \ T [T \
1(;0 ZOIO 300 400
Precipitation
Ee6 mEBASHELRERITHSE
ERWmENIELEEXR
Fig.6 Nonlinear relationship between population
amount of rice leaf folder, Craphalocrocis

medinalis and capacity of precipitation

K6 £ WL D AE Rl & M IR 2 QR i S
W R B G R AR LR Y, BAOR 2 IE MG
Gy Bk K EAE 180 mm LLR Sy J&) & 1 AH
7,180 ~300 mm & J5 3B 41 A 5,300 ~ 400 mm )
H R TR IEAH

BT SCRT AR Y Y B AR 2 A5 AR Lk oy
i, AT LA H D A A 2 4 i 0 4 Q3R 3 i i S
FRARF 252 BN [ T B O A SC PR 2R - 1) 1B 35 3
ol B I s 3 25 B S B A A I A R OK 5 2)
FRESh A5 S B K B 2 R AR R AR O 3) M 2
If] {9 5 R R R IE AR G

4 it

ARICHEAG T FFEAR ) LAl iR (GAM)
TE R BAF R . 7 SOl A 2 ( GAM) )i H]
7z IR BHOR 2 S TE

5T CR PR (GLM) AN AL, ) SCR] i 7

(GAM) Y BEA R B 2 £ oK B0 BLAT R AP A 3
P 3 T 07 A 40 B 5 A R A ) B OC R
SRR MEAEE M R o T SCER PR RS (GLM)
J2 AL B By 1, T 5 M1 G 4% il e S R IO 2 8K
B I R IR T 8 Fdh £ iy B AR, i) SCAf
IR (GAM ) J2& Hy 340 9K 20 (14, 2% fifk g A8 o I
FH A8 5 3 B Y o R I A R OC R Y it 2 0B
R E B AE S B0E Ko B F 7 ORI Jin 455 A ok
W, B Itk SE R SR A2 S RS 22 T YOG
FLORRERRMSEOL A 0 06 R M A T R
(Yee and Mackenzie,1991,2002) . KL, ) X aln
BEARL(GAM) HAT ¢ w19 22 05 1, X #4095 6t iy
BORED ERIE VS B AR Tz .

AR AT (GAM) 1533 1) /9 58
AN HT B 75 2 50 IR — 2 1Y Jmy BR A, 4n s 1) X S
WS B B R UG 2) LB B R R R
A A EAE 3 3) A St e e S e Ah, T X
AR RS 3 A A 2R B0 R e B e Hs B R R
SR, AU R BN W) N, i ik — 28 T i
R R BTG 00, 7T RL 2% mgev 442
(Wood, 2006) ,
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