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A SAS procedure for estimating parameters of the SSI model
describing temperature-dependent developmental rates in insects

SHI Pei-Jian’2**  GE Feng!™*

(1. State Key Laboratory of Integrated Management of Insect Pests and Rodents in Agriculture, Institute of Zoology, Chinese Academy
of Sciences, Beijing 100101, China; 2. Bamboo Research Institute, Nanjing Forestry University, Nanjing 210037, China)

Abstract The Sharpe-Schoolfield-Ikemoto (SSI) model is a very important mathematical equation that is widely used to describe the
effect of temperature on the developmental rates of insects. This model is not only a good fit to data on temperature-dependent
developmental rates, but also provides estimates of several valuable thermal parameters, especially the intrinsic optimum temperature
for development (7s) that indicates the optimal thermal environment for a specific insect species. However, the SSI model has
considerable difficulty in estimating parameters then making it rather complex to use. A package for estimating these parameters has
been developed based on the statistical software R. Because some domestic researchers might prefer to use the statistical software SAS,
we here present a practical SAS procedure for quickly estimating SSI model parameters. This procedure exhibited satisfactory
goodness of fit to the temperature-dependent developmental rates of male pupae of cotton bollworms. These results further
demonstrate the validity of the SSI model for describing the effect of temperature on insect developmental rates.
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Fig.1 Estimating HA in a sheet of Excel
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T represents temperature

‘C , D represents developmental time

d ,x=1/ T+273.15

representing the reciprocal of absolute

temperature, y = In  1/D  representing the natural logarithm of developmental rate, S = Z:(xi - f)z S, = Z( » - j,)z s

Sy =2 [(x-X)(»-¥)] - 1f §,>0, beta=[S, /S, :if S <0, beta=—[S /S .HA=betaR.
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LDT Lower developmental threshold

SET Sum of effective temperatures
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3.2 SSIEESHISH SAS 2F

development.xls

SAS
SAS version= V8

Editor

filename a dde 'excel|[development.xlsJsheet1!rlc1:r22¢2";

data development;
infile a notab dIm='09'X;

data development;
set development;
T=T+273.15;

r=1/D;

sqrt_r = sqrt(r);

R =1.987;

/* The following three values can be changed. */
HA  =18556.45;
LDT =13.16511;
SET =150.4971;

run;

proc nlin MAXITER=500 data=development;

model

sqrt r = SQRT((Tphi-273.15-LDT)/

SET*T/Tphi*exp(HA/R*(1/Tphi -1/T))/

(1+exp(HL/R*(1/TL-1/T))+exp(HH/R*(1/(HH/(R*

log(-HL/HH)+HL/TL+(HH-HL)/Tphi))-1/T))));

parms Tphi =293.15
HL = -100000 to -20000 by 5000
HH = 30000 to 200000 by 5000
TL =288.15t0 298.15 by 1

length T D$10; :
input T D; run;
run;
A | B [ ¢ [ o | E l F [ G H [ 1 |
- ~r | (x-mean(x))
T D X v (x-mean(x)) "2 | (y-mean(y)) "2 LDT
*(y-mean(y) )
il
2 18 30.12 30.12 542.16 182. 8580063 29982. 65403 2341. 488488 13.16511
3 19 25. 85 25. 85 491.15 85. 60875625 14919. 40103 1130. 146613
4 20 21.75 21.75 435 26. 54825625 4355, 340025 340. 0392375 TL
5 21 19. 27 19. 27 404. 67 7.14225625 1271. 992225 95. 3147125 | 286. 3151
6 22 17.76 17.76 390. 72 1. 35140625 471.541225 25. 2436875
1 23 16.18 16.18 372.14 0.17430625 9. 828225 -1. 3088625 SET
8 24 14. 01 14.01 336. 24 6. 69515625 1073. 545225 84, 7794375 150, 4971
9 25 12. 66 12. 66 316.5 15. 50390625 2756, 775025 206. 7384375
10 26 11.56 11.56 300. 56 25. 37640625 4684, 718025 344. TI168T5
11 27 10.67 10. 67 288. 09 35. 13525625 6547, 237225 479, 6236625
12 28 10.03 10. 03 280. 84 43. 13205625 T773. 067225 579. 0236375
g 29 9.31 9.31 269. 99 53. 10765625 9803. 970225 721.5718125
14
15 mean(x)  mean(y) Sxx Syv Sxv
1 16.5975 369, 005 482, 633425 83650, 0697 6347, 45255
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Fig. 2 Estimating TL in a sheet of Excel
o _ _ . —\2 _\2 _ _
T ¢ D d x=Dy=DT S, =3 (x-x) Sy=2(n-¥) Sxyzz:[(xi—x)(yi—y):l
* 31200321 2012BAD19B05 31400348

** E-mail shi_peijian@163.com
Hokk E-mail: gef@ioz.ac.cn

2014-09-24 2014-10-13


mailto:gef@ioz.ac.cn

1656- Chinese Journal of Applied Entomology 51

S,>0 LDT=S_/s

XX

T represents temperature ~ C

SyyZZ(yi_y)2 Sxy:Z[(xi_)_C)(yi_;)]'If Sxy>0 LDT:\/SW/SXX
+273.15 SET=y-LDT-¥.
a4 | B | ¢ |
1] 15 45.45
2 | 16 41.15%
| & 17 36. 76
4 | 18 30,12
5 | 19 25.85
6 | 20 21.75
7 21 19.97
8 | 22 17.76
9| 23 16.18
10 | 24 14.01
11 | 75 12.66
| 26 11.56
| 115 | 27 10. 67
14 | 28 10.03
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Fig.3 Effect of temperature on the male pupal
developmental time of cotton bollworm
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d
The data in the first column represent the temperatures
C and the data in the second column represent the

corresponding developmental times d
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The NLIN Procedure

Approx
Std Error Approximate 958 Confidence Limits

Tphi 236.1 0.3914 295.3 296.9
HL -56119.0 9792.2 -76691.4 -35546.5
TL 284.4 1.0655 282.2 286.6
HH 58890.4 2241.8 54180.7 83600.1

Parameter Estimate

D represents developmental time d
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Table 1 Parameter estimates in the SSI model

SAS
P.a.ra.metric name Par.ametric name Estimate
in the standard in the SAS
formula procedure

T, Tphi 296.10 (K)

Po — 0.065017 (1/d)
AHY HA 18 556.45 (cal'mol™)
AH, HL - 56 119 (cal'mol ")
AH HH 58 890.4 (cal'mol ")
T TL 284.40 (K)

T o — 308.34 (K)
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developmental rates of male pupae

LDT LDT 13.17(C)
A.
SET SET 150.50 (degree-days) 37°C
B.
4 SSI
4 A A..Developmental rate curve and straight line in the
SSI mid-temperature range. Small open circles represent the

observations of developmental rates. Among these data
X points, the datum at 37°C was excluded because the
mortality was too high; B. Probability of enzyme
controlling development being in its native state.
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Fig. 4 Fitted results for the temperature-dependent
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