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Instar classification and selection of optimal morphological discriminant

traits for Cossus orientalis larvae
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Abstract: [Objective] The carpenter moth Cossus orientalis is an important wood-boring pest of forest
trees in China, which causes severe damage to shelterbelt tree species such as Populus x xiaohei var.
gansuensis and Salix matsudana in the Hexi Corridor of Gansu Province. Its larvae bore into trunks for
feeding, with a long and asynchronous life cycle, leading to considerable difficulty in the precise

determination of larval instars. Clarifying the number of larval instars and identifying the optimal indicators
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for instar discrimination serve as an important basis to realize accurate forecasting and scientific pest
management. [Method] A total of 2 139 larvae of the Cossus orientalis at different developmental stages
were collected from sampling plots in Jiayuguan City, Gansu Province, from July 8, 2023 to September 18,
2025. Through field sampling combined with indoor rearing, six morphological indicators of C. orientalis
larvae were systematically measured, including head capsule width, mandibular length, mandibular width,
body length, body width, and pronotum width. Frequency distribution analysis and Dyar’s law were used to
preliminarily determine the larval instars, and Crosby’s growth rule together with regression models
were applied to cross-validate and evaluate the instar determination performance of each indicator.
[Result] Among the six morphological indicators of C. orientalis larvae, the frequency distributions of head
capsule width, mandibular length, mandibular width, and pronotum width each showed 19 aggregation peaks
(distinct peaks), while body length and body width showed 18 and 20 distinct peaks, respectively. The
coefficients of variation of head capsule width, mandibular length, and mandibular width were all below
20%, and the Crosby indices were all below 10%, which conform to Crosby’s growth rule and can therefore
be used as instar determination indicators. Based on these results, the larvae of C. orientalis were determined
to have 19 instars. Regression analysis showed that the cubic model provided the best fit for larval instar
determination, with head capsule width showing the highest goodness of fit with instar, the largest
coefficient of determination (R* = 0.997 1), and the lowest Crosby index and coefficient of variation,
indicating that it is the optimal indicator for larval instar determination. [Conclusion] This study
demonstrated that C. orientalis larvae in the Hexi Corridor region undergo 19 instars, and that head capsule
width is the optimal indicator for larval instar determination. This study makes up for the deficiency in

quantitative criteria for larval instar discrimination of this insect, and provides a basis for research on its

occurrence regularity, monitoring and control

Key words: Cossus orientalis; larval instar; instar indicators; Crosby’s growth rule; regression models
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Fig. 2 Frequency distribution of six instar-determination indicators for field-collected larvae of the Cossus orientalis
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Fig. 6 Head capsules of Cossus orientalis larvae from the 1st to 18th instar
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