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Recently, Xiao et al. (2012) published a study 
on the effects of daily average temperature and 
natural day-length on the incidence of summer 
and winter diapause in the Cabbage Butterfly, 
Pieris melete Ménétriés (Lepidoptera: Pieridae). 
Under field conditions, the cabbage butterfly, 
Pieris melete, displays a pupal summer diapause 
in response to relatively low daily temperatures 
and gradually increasing day-length during 
spring, and a pupal winter diapause in response 
to the progressively shorter day-length. To de-
termine whether photoperiod has a stronger role 
than temperature in the determination of the 
summer and winter diapause, or vice versa, the 
effects of the naturally changing day-length and 
temperature on the initiation of summer and win-
ter diapause were systematically investigated un-
der field conditions for 5 successive years. Field 
results showed that the incidence of summer dia-
pause significantly declined with the naturally 
increasing temperature in spring and summer 
generations. Path coefficient analysis showed 
that the effect of temperature was much greater 
than that of photoperiod in the determination of 
summer diapause. In autumn, the incidence of 
diapause was extremely low when larvae devel-
oped under gradually shortening day-length and 
high temperatures. However the incidence of win-
ter diapause increased to 60-90% or higher with 
gradually shortening day-length combined with 
lower temperatures, i.e., between 20.0 °C and 
22.0 °C. Decreasing day-length played a more im-
portant role in the determination of winter dia-
pause induction than temperature.

Thus Xiao et al. (2012) provided 5-year pro-
portional data of cabbage butterfly diapause and 
corresponding temperature and day-length data 
(Tables 1 and 2 in Xiao et al. 2012). However, 
only linear regression was used to describe the 
effects of these 2 predictors on diapause (Table 3 
in Xiao et al., 2012). Linear regression simply hy-
pothesizes that the effects of these predictors on 

the response variable are linear. However, non-
linear effects are ubiquitous in nature. Therefore, 
linear regression actually neglected the non-
linear effects, which led to low goodness-of-fit to 
the objective data. Additionally, the proportional 
data were arcsine square root transformed before 
performing the linear regression. Although this 
transformation has long been standard procedure 
in analyzing proportional data in ecology, logistic 
regression has greater interpretability and high-
er power than transformation in data containing 
binomial and non-binomial response variables 
(Warton & Hui 2011). The detailed problems with 
arcsine transformation can be found in Wilson et 
al. (online), and logistic regression was strongly 
recommended as an alternative to the arcsine 
transformation in biological analysis. If the dis-
tribution of proportional data is not normal, then 
the use of arcsine transformation is problematic. 
In fact, the distribution of the transformed dia-
pause data of Xiao et al. (2012) was still not nor-
malized (W = 0.8491, P-value < 0.05) as revealed 
by the Shapiro-Wilk normality test (Faraway 
2005). Thus, we suggest using logistic regression 
to fit the proportional data of diapause. The fol-
lowing analysis can be considered as an alter-
native to the analysis performed by Xiao et al. 
(2012), and also for similar data in future studies.

Diapause and non-diapause response to a com-
bination of temperature and day-length can be 
exactly described either by the generalized linear 
model or the generalized additive model (Hastie 
& Tibshirani 1990). The latter is more flexible in 
fitting the data. We used the following general-
ized additive model to describe the effects of tem-
perature and day-length on diapause:

where f
1 (i = 1, 2) are smooth functions.

We pooled and fitted the data of summer and 
winter diapause, and found that temperature 
and day-length both could significantly affect 

logit(Diapause) =  + 1(Temperature, + f2 (Day-length), (1)
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diapause (P < 2e-16) (Fig. 1). Fig. 2 exhibits the 
fitted surface of diapause. We found that the tem-
perature > 23 °C led to a very low diapause. Rela-
tive to day-length, temperature appeared to be 
more important in determining diapause of the 
cabbage butterfly. The goodness-of-fit obtained by 
using the generalized additive model is satisfac-
tory with r2 = 0.95. It is higher than the r2 value 
calculated in Xiao et al. (2012) by using 2 predic-
tors. Considering the important effect of tempera-
ture on diapause, we also explored the effect of 

a single predictor, i.e., temperature on diapause. 
The prediction by using temperature only is also 
satisfactory with r2 = 0.90, which is greater than 
the r2 calculated in Xiao et al. (2012) by using tem-
perature only.

SUMMARY

Temperature and day-length are considered 
to be the 2 important factors that can signifi-
cantly affect insect diapause, which is a typical 
proportional dataset. In the previous studies, the 
method of arcsine square root transformation is 
widely used to analyze the effect of temperature 
or day-length or their joint effects on diapause in 
insects. However, this method has many limita-
tions, for example, the proportional data should 
be normally distributed. The logistic regression in 
generalized additive models is a promising meth-
od for analyzing the effects of temperature and 
day-length on diapause. Compared to the arcsine 
square root transformation method, this method 
does not require normal distribution of propor-
tional diapause data. The logistic regression 
also provides better goodness-of-fit by using the 
non-parametric fitting technique. In this report, 
we used the diapause data of Pieris melete (Xiao 
et al. 2012) to compare the fitted results of the 
logistic regression in generalized additive mod-
els with arcsine square root transformation. We 
found that the logistic regression in generalized 

Fig. 1. The solid curves represent the generalized ad-
ditive model fit to Pieris melete diapause data using 2 
predictors: temperature and day-length. The asterisks 
in the figures represent the partial residuals. The gray 
bands represent 95% confidence intervals. T denotes 
temperature, and DL denotes day-length.

Fig. 2. Fitted surface of Pieris melete diapause data 
by using the generalized additive model. The curves 
marked with 0.5 represent the combinations of general-
ized temperature and day-length that can result in 50% 
diapause. Diapause � 50% are in the white area and 
diapause < 50% are in the gray area. Points represent 
the observed data of diapause � 50%, and open circles 
represent the observed data of diapause < 50%.
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additive models is better than linear regression of 
arcsine square root transformed data in following 
ways: (1) reasonable predictions about diapause 
ranging from 0 to 1 can be made without trans-
forming the proportional data; (2) non-linear ef-
fects of temperature and day-length on diapause 
can be determined; (3) the goodness-of-fit can be 
substantially improved.

Key Words: additive model, binomial response 
variables, goodness-of-fit, non-linear effects, pro-
portional data set

RESUMEN

Se considera que la temperatura y la duración 
del día son los 2 factores importantes que pue-
dan afectar significativamente la diapausa de 
los insectos, el cual es un conjunto de datos pro-
porcionales típico. En los estudios anteriores, el 
método de transformación del arcoseno de la raíz 
cuadrada es ampliamente utilizado para analizar 
el efecto de la temperatura o la duración del día o 
su efecto conjunto sobre la diapausa de insectos. 
Sin embargo, este método tiene muchas limita-
ciones, por ejemplo, los datos proporcionales de-
ben ser distribuidos normalmente. La regresión 
logística en los modelos aditivos generalizados 
es un método prometedor para el análisis de los 
efectos de la temperatura y la duración del día 
en diapausa. En comparación con el método de 
transformación del arcoseno de la raíz cuadrada, 
este método no requiere que la distribución de los 
datos de diapausa proporcional sea normal. La re-
gresión logística también proporciona un mayor 
grado de ajuste mediante el uso de la técnica de 
ajuste no paramétrico. En este informe, usamos 
los datos de diapausa de Pieris melete (Xiao et al. 
2012) para comparar los resultados ajustados de 
la regresión logística en modelos aditivos genera-

lizados con transformación arcoseno de raíz cua-
drada. Se encontró que la regresión logística en 
los modelos aditivos generalizados es mejor que la 
regresión lineal de los datos transformados del ar-
coseno de raíz cuadrada en las siguientes formas: 
(1) se pueden hacer predicciones razonables sobre 
diapausa de entre 0 a 1 sin transformar los datos 
proporcionales; (2) se   pueden determinar los efec-
tos no-lineales de temperatura y duración del día 
en diapausa y (3) puede mejorar el grado de ajuste 
sustancialmente.

Palabras Clave: modelo aditivo, variables de 
respuesta binomial, grado de ajuste, efectos no 
lineales, conjunto de datos proporcionales
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