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Morphological and developmental characteristics of preimaginal stages of
lycium fruit fly Neoceratitis asiatica
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Abstract: In order to clarify the morphological and developmental characteristics of preimaginal stages
of lycium fruit fly Neoceratitis asiatica, the growth and development, morphologic change and recogni-
tion characteristics of eggs, larvae and pupae were observed and described systematically by field sam-
pling and laboratory rearing. The larval instars were divided by measuring the lengths of the mouth
hooks and the cephalopharyngeal skeletons. The morphology of pupae at different developmental stages
was observed, and the corresponding color of puparium were analyzed by digital image processing sys-
tem. Then the pupae at different developmental stages were dissected, and the puparia were removed.
The external morphological characteristics of pupae were observed and photographed under the stereo-
microscope. The results showed that the developmental process of the eggs could be divided into the ini-
tial stage of egg, the egg stage of hook presence and the egg stage of shell split. The larva had a pair of
ossified mouth hooks and cephalopharyngeal skeletons, which could contract freely. There were signifi-
cant differences in the shape and size of the mouth hooks and cephalopharyngeal skeletons among differ-
ent instar larvae. The larvae were divided into three instars based on the length of mouth hooks and
cephalopharyngeal skeletons. Prepupal stage was a transition period from larva to pupa of N. asiatica.
The pupal morphogenesis could be divided into cryptocephalic pupal stage and phanerocephalic pupal
stage, and the phanerocephalic pupa stage was further divided into early phanerocephalic stage, yellow-
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eyed stage, red-eyed stage, bristled stage and pharate adult stage. The puparium color of N. asiatica

deepened unevenly with the developmental time, and obvious changes were observed in the prepupal

stage at the early stage of pupation, the bristled stage and the pharate adult stage near emergence. Based

on the RGB value of the puparium color at different developmental stages, the standard colorimetry

plate was prepared corresponding to the puparium color at different developmental stages, which can be

used for the research of the developmental biology and control techniques of N. asiatica in the future.
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Fig. 1 Different developmental morphologies at the egg stage of Neoceratitis asiatica
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Fig. 2 Morphological characteristics of mouth hooks and cephalopharyngeal skeletons

in different instars of Neoceratitis asiatica larvae
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skeleton lengths of Neoceratitis asiatica larvae
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Table 1 Statistics of the lengths of mouth hooks and cephalopharyngeal skeletons in different larval instars of Neoceratitis asiatica
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Fig. 4 Morphological characteristics of different instars of Neoceratitis asiatica larvae
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Fig. 5 Morphological characteristics of pupae and their anterior and posterior spiracles of Neoceratitis asiatica pupae
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Fig. 6 Morphological development of Neoceratitis asiatica before pupation
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Fig. 7 Pupal morphogenesis of Neoceratitis asiatica
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Fig. 8 The color change of Neoceratitis asiatica puparium
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Fig. 9 RGB values of Neoceratitis asiatica puparium color
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