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A population growth model for Liposcelis entomophila (Enderlein)
(Psocoptera: Liposcelididae)

WANG Zheng-Yan"™* HE Meng-Ting LU Yu-Jie"™"
(School of Food Science and Technology, Henan University of Technology, Zhengzhou 450001, China)

Abstract [Objectives] To provide basic data and theoretical models for the population forecasting of stored grain psocids.
[Methods] Population growth models of Liposcelis entomophila (Enderlein) were built under different environmental
conditions. On the basis of age-stage life tables of L. entomophila constructed in the laboratory, the effects of temperature,
relative humidity, food breakage level and initial population number on population dynamics were evaluated. Exponential
growth models of L. entomophila population were validated and the functional relationship between temperature, humidity and
intrinsic rate of increase was modelled. [Results] Within a temperature range of 26-34°C, relative humidity of 65%-85% and
a food breakage level of 4%-12%, temperature and relative humidity had significant effects on the developmental duration of L.
entomophila, but not on the population trend index, net reproduction, or the intrinsic rate of increase. Temperature was the
most important factor in the population growth of L. entomophila, followed by relative humidity and food breakage level. The
optimum conditions for population growth are 34°C, 85% relative humidity and 12% food breakage. With an initial population
density of 0.26-1.04 adults/cm?, an exponential growth model can be used to describe population growth. [Conclusion]
Within a temperature range of 22-34°C and a relative humidity of 65%-85%, the relationship between temperature, humidity
and population dynamics of L. entomophila can be expressed as N=NoEXP[(0.00296T+0.02167RH-0.0372)t].
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I 1 45 f| Liposcelis entomophila (Enderlein)
S TR ER b Al LAY A5 L AR TR R
B B S , NATTEE S i i e B S Ll iy o
F DA AR, A AR 5 U 5 A A TR K o 3 B
ARWGRNEEY T, HErEEaR., HExt
FiFHGCHE™E, HREHRZFS (Gautam
et al., 2013), IREEEER, 78 9 H B#HEIY
N RTIZEE 80% 1) /NAZ IR 25 o i B f R A i ™ B
TG YRE, A5 A BB b 0K 2 AR A7 5 R
gk (Nayak et al., 2014 ), ¥T4F, 7eF%E H AT
TR IR RS (RZh50] ) F < =R
IR IRZ50) L IR )tk ol & A=
e b T SR N 24 50 B R AR AR S R A R A
PFpRE (FEAEESE, 2003; Nayak and Collins,
2008 ),

FhAE £ 3 5 i A - 19 A 5 T LA
Tl 20 25 A S0 0 RN B 3 SR I 1 o e B AR
WA . AR AR 7 AR A PR I R T R
WA FEGRETE 2, AT DU TR 25
PR %) B R BRI S A s (X 5515
2009; FH{EAE, 2009; A, 20105 RIS,
2017 )o M FRRHER R 3 s B st LIE R IR+
AR AR, ATLAZES & 2R -k
B 2GR BIG X AR R AR VR R B (k22
., 2002), SRR, AEEIRE . AHXRHREE .
B0 S K SRR U AR K B B
A9 52 ( Mashaya, 2000; Throne and Flinn, 2013;
TR/, 2015), XTHEEMBE, &Y
) o 248 R HL o i W AR K R B A — 3 1 5
( Athanassiou et al., 2010 ), Ktt, #E—2 B
PR PR 22 X6F 5 BRI A 1 K 0 5 e X 1 R ot )
T RN A A5 7 v AW i A B R R

HP2E 38 AR 4R e e A5 w0 IR M A
M (AR ERG ) iy & AR R W2
7RI 6 T-B¢ (Phillips and Throne, 2010 ).
PRI, ASCGHE SRR | 10 S Pk iR X
g A ERP K Y SZ I ( Dong etal., 2007 ),
PRI d A mUR R AR A G AR, DU Ry 45w
R 2 25 1 TR0 9 4 0 AR S B T FR AL B IR
oo BLAR, ANFETRIIAEE, AEHRIAEE 0I5 A

W RS (XA, 2011), JoHIEER
TR IR X, W R AT AR AR K
R, — 240 TR 5 P B8 KR pR UG
A, AT HR R R AR R A A R T R
I FAN (L

1 MR5RE
1.1 #Ht iR

rg B A R K )R, Hid 100 B
AN TR 422 0« BERkns « AR Wik = 10 :

1:1) mFEghBa 10 R, LA 1\
BE(30+£2) . AHXHRE 75% £ 2%,

12 FEERMERPEAMRLENRE

PEHCRE (A). HHXNRE (B). SWikir
R (C) 3 MHEMTIERLB R R BE RN E
Xif g o A EURNBERS K AR MR, AT 3 K
T, R Lo (3°) IERRH, SHE 9 MERBEA
A (R 1), FIHEFRAARE 3 MEE, 26, 30,
34 FETEEER A AR AL . ik e
G A B 1 ab R R AR T R U
65%. 75%F1 85%; #it 100 H i i A T fa ket
(20« Wbkl - WARWIkY =10 1 : 1) 5%
FE I/ INFE R e FEOAS [R) 1) o o U A IR A, 5 il
PER T 4% . 8%F1 12%KEY) .

F1 EXAEPHFEERKEKE
Table 1 Environmental factors and their levels
in the orthogonal experimental design

ERAs BE (A) MNEE (B)EYWRHE(C)

Orthogonal Temperature  Relative ~ Food breakage

combination ) humidity (%) level (%)
1 26(A)) 65(B)) 12(Cy)
2 26(A)) 75(B5) 8(Cy)
3 26(A)) 85(B;) 4(Cy)
4 30(A)) 65(B)) 8(Cy)
5 30(Ay) 75(B,) 4(Cy)
6 30(Ay) 85(B;) 12(Cy)
7 34(As5) 65(B)) 4(Cy)
8 34(Aj) 75(B>) 12(Cy)
9 34(As) 85(B;) 8(Cy)
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FE X 7-10 H U4 1 98 He A5 mUME A A U
MM EEFER A — /ML ( EAE 2 em, & 22cm)
Wo FrH=O0NE, B d e, R —kiBe, m
AN )RR, BUE AR R IR &
T35 . WS E AP AE AR SL G o 10 st G &
B BOMEAAER 181K,

50 3k 3-7 Higrymg R EUk A (Lt
1: 1) tEERENFERE (HRE 7 om, &
3.5cm) o MPRUFSR G SN AT FE 43K
HECHe, &bl , RGP e Ak, fF &
P AAS [T RR 23 A ek, i EE R AN ) ) 3R 2
AF, WEE F RIFGRm IR S5 RS0, 105
2 TR ECRE, TR SIS . R
B aPdeg (1), FAE (R)). WERK
() FEBRIGRKA (2) (FEFE, 2002 ),
A EL 3 K,

W T RTF 1, WIRI2EH 5 g e A3 mUR 4L
AR BN K (52238, 2002; ZFEBAF, 2010 ),
FEFR B KA r, R T —E AW AEEAEY)
PIIRBEAE R, BT 84 10 P9 AE 3 K RE
T o TERF AR BEECE IR BOE K MFEET, r NS
FREERI R B TC o (TkZE4, 2002 ),

1.3 BERPRMBEREEKIERNNE

1.3.1 AEMEFVIGEEE TrER PR MM
KEIES  1E 1.2 iR i35 U WA R £ i
(10, 20, 30, 40, 50 F1160 3k ) 3-7 Hi&yrg
BB AR (MERER 1 1), il Ol
0.26-1.56 3/cm?, ‘B T 1.1 BT FE, R
A, ESRESE 40, 50 A1 60 d J5RE HL 5 EL
FIECE . A EREE 3 K.

132 ARFETHEAPANMEERIHTE
TE 1.2 FrifiR 7 G A 10 3k 3-7 H i g il
BEUSR (MERELE 12 1), MANTR (4%
oo BERERY - IR WIM =10 2 1 5 1), 7 12 MR
WEHES FIRE (22, 26, 30 /134 ) x AXf
TR (65%. 75%F1 85% ), idstia3E 30, 40,
50 i1 60 d Mg PRI SR . B ER 3 K.

1.4 HIEGIT S

B 1.3.1 A1 1.3.2 H g b 45wl A R
PR Ry PR R AR AR (5K2438, 2002 ):

N, = Nje™',
Pz B A
LnN; = LnNg+r,to

HRE RS E R T i B M R
R No, roflo MAEMHICRE RTE P=0.05 K
FIKF (Roosay=0.997, Roose)=0.950) F5E [l
VA B AU FE R (0RO T S o PR AR A
AP A HACE S A 2L KA

FI AR R 5l FL I ANOVA Fl Tukey K56
ST AR R R g s EUk E DAY 22 e
M DL R S I [R]AS ) 20 45 v g e 45 s 4
25 5 . R 2 ANOVA HL# A
TRER) 46 %85 J3 R0 O 5 B[] o) e A 0t 1) 22 ELAE
Mo RN EAER, W AR R 1R
AR R R E R (P>
0.05 ). FIH SPSS 22.0 AT 4HE /34T -

2 HR5S

21 REEMRMBBERMERBAMELE
SHHIRNT

B 20 A 0 g A mUK B B R B D 52
MR (P <0.05)(F2), Hrp, XFEHER
DB sE i K . IEACIRES 2 itk — 2 %
M, RE (F=15.62; df=2, 4; P=0.012) fll
B (F=6.24; df=2,4; P=0.059) Xttt
IR SE MR B T2, T ) B A 3R 1% 5 e AN f
% (F=0.49; df=2,4; P=0.643),

WL A PR a8 (1), HARUE
B (7). FIFEEsR (Ry) MR EEHOR (ry,)
A2 SR —3 (3 3), IE3CIRE T 2250 ik
—A R, RE . WERM BRI EH, R
AN ro (EEAI A2 (P>0.05), |, T ARyt
[FIPeE TRV R, T 1y, AR IR Y
KIMLRGTaTR . I, 3R IE SR gk 2 3 A
BINERZ AL T ERIUY (F4), 34~
R R | R BRI R IR > IR
MEYBREE,; 2 TR FERIT R \E >
R > BYWRESR, 2m R (H 1 EWIT
BE > SYBRECRSIEREE; 20 r, (ER I
JPoR: TR > SYIMRCR N 34 L AHXT
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F2 EXLHASTIERBANLERH
Table 2 The developmental duration of Liposcelis entomophila under orthogonal experiment conditions

ERHE R (d) A (d) FORET (d) AW (d)
Orthogonal combination Egg period Nymph period Preoviposition period Generation period

A B, C 10.2+0.3 a 24.140.3 ab 6.1£0.2 a 40.4+0.5 a
A, B, C, 8.10.2 b 25.5+0.5 a 5.9+0.2 a 39.5+0.5 ab
A B3 Cy 7.0+0.4 cd 23.240.6 be 5.8+0.2 a 36.0+0.8 cd
Ay B, C, 7.240.4 ¢ 24.5+0.6 ab 52402 b 36.9+0.9 be
A, B, Cs 6.7+0.2 cde 19.3£0.5d 4.8+0.2 be 30.8+0.7 ef
A, B; Cy 6.310.2 de 19.9+£0.3 d 4.7+0.2 ¢ 30.8+0.4 efg
A3B; G, 6.4+0.2 de 22.2+0.6 ¢ 4.840.2 be 33.4+0.5 de
A3 B,C, 6.1+0.2 ¢ 18.440.5 de 4.840.2 be 29.2+0.6 fg
A3B; C, 5.9+0.2 e 17.3£0.5 ¢ 4.7+0.2 ¢ 27.940.6 g

FPBAE P BE bR s RSB S bR A Rl R R 22 N 35 (XK 2 ANOVA il Tukey K555, P>0.05)
REFRAEIEN R, L 1. TR,

Data (mean+SE) in the same column followed by the identical letters are not significantly different (Two-way ANOVA,
Tukey test, P> 0.05).

Capital letters stand for environmental factors, and more details are in Table 1. The same below.

x3 EXAATEHRPANMBELESENMGITE
Table 3 Population developmental parameters and estimators of Liposcelis
entomophila under orthogonal experiment conditions

EAZ 44 Orthogonal combinations

855 Index
A1 Bl C1 Al B2 C2 A1 B3 C3 Az B1 CZ A2 B2 C3 A2 B3 C1 A3 Bl C3 A3 B2 C1 A3 B3 C2

P4 Eggs 30.9 13.7 10.4 34.9 35.2 36.8 26.1 31.8 32.6
1 #2180 Ist instar 23.1 10.5 8.1 17.7 29.1 29.9 16.2 25.2 26.1
2 ## 8 2nd instar 17.9 7.2 6.0 14.3 24.6 24.1 12.8 20.0 21.8
3% 3rd instar 14.5 5.9 4.8 12.2 21.6 20.0 10.2 15.3 18.0
R Adults 11.7 4.2 3.4 10.5 17.7 15.9 6.7 9.9 14.3
HRAEEST Alive adults  46.5 34.9 37.2 36.6 51.3 34.6 34.7 43.0 48.8
M $it Females 23.3 17.5 18.6 18.3 25.6 17.3 17.4 21.5 24.4
§34L % (% ) Hatching rate 74.8 76.5 77.6 50.8 82.6 81.3 62.6 79.2 80.0
pas VEZ (0
LI R ( %) 55.1 43.1 26.7 61.5 63.7 54.2 37.8 42.8 55.1
Nymphs survival rate
o

ﬁq%&‘iﬁ’;’n *E'?‘Sy ! 0.93 0.70 0.74 0.73 1.03 0.69 0.69 0.86 0.98
Population trend index
thﬁ T@ 40.4 39.5 36.0 36.9 30.8 30.8 33.4 29.2 27.9
Generation period
¥ 223
HHRAE Ry _ 15.445 6.860 5220 17.445 17.585 18415 13.030  15.890  16.305
Net reproduction

T i K 52
W%‘iﬁ K, . 0.0678 0.0488 0.0459 0.0775 0.0931 0.0945 0.0768 0.0946 0.0999
Intrinsic rate of increase
JARRIE R A,

o . 1.0702 1.0500 1.0470 1.0806 1.0976 1.0991 1.0798 1.0992 1.1051
Finite rate of increase
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R4 MELESHAGEITEMEZDKERESH

Table 4 Range analysis of population developmental parameters and estimators from the orthogonal experiment

FIIPECRIESIER (1) BRI T (d) MR R, PSR T,
II&% Population trend index Generation period Net reproduction Intrinsic rate of increase
ange
£ A B C A B C A B C A B C
K1 2.37 2.36 248 1159 110.7 1004 27.525 4592 49.75 0.1625 0.2221 0.2569
K2 245 2.58 241 98.5 99.5 1043 53.445 40.335 40.610 0.2651 0.2365 0.2262
K3 2.53 241 2.46 90.5 94.7 100.2 45225 39.940 35835 0.2713 0.2403 0.2158
k1 0.79 0.78 0.83 38.6 36.9 335 9.175 15.307 16.583 0.0542 0.0740 0.0856
k2 0.82 0.86 0.80 32.8 33.2 348 17.815 13.445 13.537 0.0884 0.078 8 0.0754
k3 0.84 0.80 0.82 30.2 31.6 334  15.075 13.313 11.945 0.0904 0.0801 0.0719
hER 0.05 0.08 0.03 8.4 53 1.4 8.640 1.994 4.638 0.0352 0.0061 0.0137
FWIF
Influencing B>A>C A>B>C A>C>B A>C>B
order
AR
Optimal 34, 75% 34, 8% 30, 65%, 12% 34, 8%, 12%
level

TJE 85% I E MR E R 12%) ro, (R K( K 4),

TEFTBCE IIABEZRAF T, TR RS R 1K A
FEMHAR, HXF TE. R EAM ry (HAEIEL
R, MBI RAERE RAS R A 7 1 2
M 2R

BEAh, 769 IR SR, i B EFR Y
JAIBRBE R REIRT 1 (3R 3), RIINE R A5 m b
BAEre o L, HE— 20X R A A
BT R L o

22 FEHPEMEEKIEE

AN TR A) iy HL 11 98 B ) I f S LR RE A 8
Wi 25 B (R AR RS 2 B, I ELRRRE 0 G i xof
FREERCR A W0 (P <0.05), {H A FhEEA)
BEKCER N 10-40 k(4 0.26-1.04 3k /cm”)
i, A7 LaN=LoNg+rot FIAIC R R 2
% (R> Ryosy, P<0.05), UtPARMHFEEZhA
AR KB (£5),

RS TREMBENREETIERPEAMBFYENTSRMEHEKIER
Table 5 The population dynamics and population growth model of Liposcelis
entomophila with different population initial density

RhEE A SR (L) R I [R] A A AR AR KA ( LnN=LnNg+rt)
[OOSR (K/em?) ] Population number in specific time Population growth model
Initial population number [density] 40 d 50d 60 d LnN, I R

10[0.26] 27.0£2.1 b 37.7£3.8 b 48.2+4.1b 2.00+£0.05  0.032+£0.001  0.999*
20[0.52] 156.7446.3a 222.7471.4a 328.7496.9a  3.04+0.11 0.047+0.002  0.997*
30[0.78] 108.7+48.9 ab 143.3+63.9 ab 196.0+71.1 ab 3.41+0.02  0.031£0.000  1.000*
40[1.04] 133.3458.1 ab 181.0£79.5ab 221.7490.9 ab 3.70+0.05 0.029+0.001  0.998*
50[1.30] 74.0£21.8 ab  90.7£27.0 ab 113.3+31.8 ab 3.88+0.09 0.013+0.002  0.978
60[1.56] 54.0£19.3 b 66.0£19.3 b 82.0+21.4b  4.03+0.17 0.004+0.004 0.567

F PR I E AR DR 5 [R5 B 5 A AT AR TR 7R R 22 5 A 3 (TR EE ANOVA il Tukey #5568, P>0.05) o
* ZREIETTEE LaN = LoNp + rt AFSCR B R 3 (P<0.05), £ 6 [,
Data (mean + SE) in the same column followed by the identical letters are not significantly different (One-way ANOVA,

Tukey test, P > 0.05).

* indicates correlation coefficient (R) of the regression equations (LnN, = LnN, + r,;t) is significant (P < 0.05). The same as table 6.
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MFFA TR BB R (RN 0.26-
1.04 Sk/em®), HE—H 3 Hr AR ES Hob K (515
J5 72 LN, = LnNo + 1t H ) 1, SRR BE 1A 2
P, FIFHXLUA 2 ANOVA FeBe o L) ik o
AR Z s} () %o Feh B S0 S AR, B AN
TAESLHAER, BTl 4 ASBREFRERFR) r, TR
EXESF (F=0.091; df=3,19; P>0.05), Hit,
BPEH 0.26 Sk/em” HYFNER) UA 2 T 257 AT
TR 2 A T AR (R B K AR AL

FE 12 PRI EEALA H, FhEER LA R R
N 0.26 Sk/em® fi g s A5 EL YRR 4 BE 2 o
[ HERS WG I, [B1J3 752 LnN, = LaN + .t £
MRRBREZE (R> Ryese), P<0.05), M
FREEEcR Sh B A E0N K (£6),

=4 r (SR (T), AHXREEE (RH)
IRRBOCRIA R (B wibEid 34 AT
MRRE 85% %A FINER ro fH S8, Lotk RIHBT
SIBRZH B )
Fm=0.002 96T +0.021 67RH — 0.037 2
ORI OE R EL R(0.966) > Ry .01(9/(0.735),
VI ro 5 T A RH AR DG, R RN R AR
AFOREFREO AR | AT A d S U K
55 IR B AR DG Y G A AY
N = NoEXP[(0.002 96T + 0.021 67RH — 0.037 2)t]
AR A F 3R A G A AL ] DA SR A 0 IR
BE(T) AR (RH) R, @ WIS ia
Ha (No), 15350 EFEA R () B
IR EEEL I .

R6 FEIREETHEAPANMBERENTSRMEIEKERE
Table 6 The population dynamic and the population growth model of Liposcelis entomophila
under the conditions of different temperature and humidity

LEHE g IR AR RE R (k) FREEHS A LnN=LoNgHr .t
Experimental combinations Population number in specific time Population growth model
35 e
*Ezi}{tiikv% Tempe{fit%re ) 30d 40d 50d 60d LnN, I'm R
humidity (%)
65 22 28.3+2.0h 41.0£2.6 g 63.7£3.5j 116.3x4.3h 2.22+0.11 0.040+0.003 0.992*
26 60.4+2.3 ¢ 101.3£1.8d 184.7£5.2 f 325.0+14.4f 2.32+0.03 0.058+0.001 1.000*
30 76.3£1.5d 131.3£9.3 ¢ 265.3£2.6 ¢ 464.3%18.5 ¢ 2.34+0.05 0.064+0.001 0.999*
34 26.7£1.8 h  41.7£1.5g 71.0+4.41ij 123.0£7.2h 2.19+£0.13 0.041+0.003 0.991*
75 22 42.3+1.5¢g 53.0£2.6 fg 71.0£9.81j 140.3+3.5 gh 2.34+0.13 0.042+0.003 0.991*
26 80.0£2.3d 112.0+4.5d 205.7+4.9 ¢ 361.0£6.6 e 2.39+0.13 0.059+0.003 0.996*
30 92.0£1.2 ¢ 153.0£6.7 b 286.7£3.8 b 512.7+10.5b 2.39+£0.10 0.066+0.003 0.997*
34 51.0£5.1 f 62.7+4.8 f 86.0+5.9 hi 142.7+4.8 gh 2.40+0.15 0.043+0.003 0.990*
85 22 57.7£1.8 ef 67.3+£3.8f 98.0+£5.2 gh 164.3£2.9 g 2.42+0.17 0.045+0.004 0.988*
26 104.0£2.6 b 133.7+2.8 ¢ 228.0+4.6 d 431.7+£3.8d 2.45+0.20 0.062+0.005 0.990*
30 116.7+1.8 a 188.0+7.8 a 319.7+4.7a 585.3+20.5a 2.46+0.19 0.068+0.005 0.993*
34 64.0£6.1e¢ 823+4.8 ¢ 104.7+4.8 g 169.7+£7.3 g 2.47+£0.21 0.046+0.005 0.984*
3 _LTJ._I:e (2010) MRS EE R —3, (BHCE RN T,

5 45 EUVRPRE 1S K A AR S R AL S B B
ZAEY R A (Nayak et al., 2014), 7EiR
IR B SRR R, AR K
SRR B BONIREE . 7RIS IR XN, BEE IR
JEW T, o8 AR EA W B & T DT R
B, FRPEERY N EIE R R K, X5 Wang A

g 5 U L T i 2 KOR S, 3K ] RS2 e Tl

T H A TG G SRR A SR o A X T 11 AR
Akt g s S BRI R R A 3 AR . B ER
BRI, WRBEN R B DI, R
R, X 5T AR5 SE R —2 (Rees and
Walker, 1990 ), {HAEARNTIRREE 65% 0} AT )
BRI X T RE R T A A S e e e
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B, TAE R T, XS A G A R
Yy, FECREAGAGAERSTE R (TSR,
2001 ),

o A AR R IT I, WA Fh RS I R 6 B
AR ARG FVEFA R, AT LAV A5 PR X
R RESCR BhAS 52 ( Dong et al., 2007;
XIRFIAE, 2009; 25, 2010 ), FIFHFHE
B R AR B A DIVE R T A 1 A i R
( EAILEE, 2008 ), ATLAZEG 145 258+
K. L5RNBH G XA RCR AR A E AR, W]
T R A2 7 16 R0 A P B 36 A B BIL A o g Rk
%% (k3. 2002; Opitetal., 2012), {HE
Tl e 50 i B B AN IS T A i ) R R
FREAEFM R (IREESE, 2003 ), WG .
TR RIS L s2 R . PRI, AR SCRH IE 2SI
e, Jola 4 A I AR I Ty 25 53 T MR 25 0 At
PR 25 P IAEE BRI 2 XA AR K A B I RZ IR, TESE
MR AP R R B R EZNSE( Leietal.,
2012 ), XA ER AL T —Fh A o0 L i .

X AES R R, HEZe A g
LAPIFPITY . E RIS, 54
R (1432 A G o ORI BRI )
( GBT 29890-2013 ) & 5 EW BT IA BE N 6-
30 Sk/kg, MNZKRAREA LSRG B A EA ¥
I35 (Dukic et al., 2016), FILAEHEREE
g A5 mL ) AR B AR G RO AR A
N, = NoEXP[(0.002 96T + 0.021 67RH — 0.037 2)t].
AR A P S b, I AT AR SO R AR g
FERI IR R TS5 (Opitetal., 2009; Diaz-
Montano et al., 2015), Z5& M Wil R 5 R 4E
P PRI B RS, R R A BRG] LA
TR E R (t) B AR, A
ME B EFHE R A SRS E ( BRIESE,
2013 ), ALY G oA P FIADLA A B T LA i S
S HEATIEIE (AR IERITRAASE, 2005; HKFF
4, 2018 ),
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