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OUTLINE

This book is a monograph on wax secretion of the scale insects. It is made up of 6 chapters
and the emphases are on the research results in the wax secretion of the scale insects in the
family of Coccidae ( Hemiptera: Coccoidea) by using the scanning electron microscope
(SEM) , infrared spectrum (IR) and gas chromatograph / mass spectrometry (GC/MS) by the
authors in recent years. The contents include the classification introduction of the superfamily,
Coccoidea and the classification systems of the family, Coccidae, the research situation on the
wax secretion of scale insects in the world, the biology, morphological development, various
wax glands, the form of the wax tests or wax covering, the ultrastructure, infrared spectrum
characteristic and the chemical composition of the scale insects of 17 species in 6 subfamilies of
Coccidae. The wax secreting characteristics and varieties are found among the species and gen-
era and with their developmental stages and the sex of the scale insects. The infrared spectrum
characteristics of the wax secretions are divided into 6 kinds. 104 compounds are determined
from the test wax secretions. The natural relationship and systematic significance are showed
between the ultrastructure, infrared spectrum characteristic and the chemical composition of the
wax secretion. Based on the results, some new ideas and references will be given for developing
the new and effective pesticides to control the scale insects, for using the chemical compositions
as semichemicals to biological control scale insects by natural enemies, for developing chemical
classification and systematics in the scale insect study, and for exploiting the wax of scale in-
sects as biological resources.

Most of the information in this monograph are from the first — hand material and the re-
search achievements of the present authors. Some relative new knowledge is also collected from
the world. Abundant data and information are included such as the species of scale insects,
sample collection method, experiment material treatment and test procedures, 24 tables, 28
morphological figures 41 ecological and morphological photos 142 scanning electron microscope
photos,23 infrared spectrograms and 21 gas chromatograms, the chemical structural formula of
the 104 compounds of the wax secretion. For exchanging easily, the explanations for all of the
tables, figures and photos are give in both Chinese and English.

The characteristics of this monograph are knowledge — cross in different scientific fields,
from the elementary to the profound, both excellent pictures and texts, academic and theory
combining with practice use, wide application, interesting reading. It reflects the current re-
search level on the wax secretion of scale insects both in China and the world. It is very useful
and an important reference book for the students, researchers, officials and workers who are go-
ing for agricultural and forestry plant protection, entomology, life science, organic chemistry,
pesticide chemistry and industry.
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PREFACE

The scale insects are a general call for the insects in the superfamily of Coccoidea. They
belong to the order, Hemiptera ( or Homoptera) in the class of Insecta. About 7000 species
have been recorded in the world and they are classified into 22 families. Coccidae with 1088
species ranked into 144 genera is the third largest family in Coccoidea and just follows the fami-
lies Diaspididae and Pseudococcidae according to the numbers of the species ( Ben — Dov,
1993). In China, near 700 species of scale insects have been recorded, of which some 83 spe-
cies, 39genera belong to the family of Coccidae (Tang, 1991). Except the pela wax scale,
Ericerus pela ( Chvannes) ( Coccidae) and lac insects ( Lacciferidae or Tachardiidae) have been
developed and used as the beneficial insects for using their wax productions, the most of the
rest species have been dealt with as important insect pests for agriculture, forest, horticulture
and ornamental plants all over the world.

The most important characteristic of the scale insects is the body with many kinds of wax
glands that enable to secrete wax substances. Soft scale insects secrete wax most in Coccoidea.
The wax matter secreted by a scale insect can take up 58% —98% of the total weigh of the
body and can compose a thick wax test or cover on the scale body surface. The scale insects
with wax test can protect themselves well from the attack of unfavorable factors, such as weath-
er, natural enemies and disease bacterial. Due to the wax covering the pesticides can be non —
effective for controlling the scale insects. Especially, in modern time, with a unusual global
climate, ecological condition and environment pollution, scale insects show stronger life pre-
dominance such as the resistant to unfavorable live conditions, a greater reproduction power and
less mortality. They have become into one group of the most important insect pests in agricul-
ture, forests, fruit trees, and ornamental flower industry. Even some species have leaded to an
industry ruin. The scale insects Ceroplastes japonicus Green on jujube and persimmon trees in
north China, Ceroplastes rubens Maskell on citrus in south China, Eulecanium gigantea Shinji
on ornamental plant in urban environment are the well — known example. Unfortunately, up to
present, controlling scale insects has been using the ordinary methods in which to spray the or-
ganic phosphorus and pyrethrin pesticides is the major one. For the scale insects living inside
wax tests, pesticides can not adhere on and permeate into the wax tests to contact with the derm
of the body and the sprays often unable to play a good part furthermore kill much more natural

enemies, result in environment pollution and the scale insects occur in a large scale. A more
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important issue is that the secreting wax substances and forming wax tests are a part of the life
process of the scale insects. With the scale insects developing in different phases, the morpho-
logical fine structures and chemical compositions show different characteristics. But the common
pesticides have lacked the associated dealing with these various of the wax secretions. There-
fore, it can not obtain a better achievement in controlling the scale insects.

In the similar way, the chemical compositions and volatile gas of the wax secretions also
affect the natural enemy’s behavior in parasite and prey on scale insects. This limited the effec-
tive biological control. Although much more efforts have been taken in biological control, up to
today, using natural enemies to control scale insects still are investigation, introduction and re-
lease. Rare work was focused on the relationship between the characteristics of the wax secre-
tions of the scale insects and effectiveness of the natural enemies. This work, however, is a key
issue for selecting effective natural enemies and developing biological control. To research the
changes of the fine morphological structures and chemical compositions of the wax secretions of
soft scale insects can be able to provide theory information and practice idea for both developing
some special higher effective pesticides and developing biological control.

Although scientists paid more attentions to the wax secretions of the scale insects many
years ago, and they indeed did some observation and research in this field in early 20 century,
such as the researches carried out by Kohno chemical studies on the wax secretions of the sever-
al wax scales, the further researches started in the middle time of the century with the electron
microscopy and modern chemical analysis instrument have been available. Some wonderful re-
searches have been done, such as Japanese scientists Kawai, Tamaki and others from 1960s to
1970s had done a series of researches on wax secretions of the wax scales Ceroplastes pseudocer-
iferus, C. japonicus and C . rubens. Hashimoto worked on scanning electron microscopic obser-
vation and some chemical compositions of waxy substances of the species Drosicha corpulenta
Kuwana (Margarodidae) and other scale insects; French scientist Foldi has studied the ultra —
structure of the wax substances of some scale insects; A laboratory in Australia had a series of
studies on the chemistry of the wax test secreted by some wax scales; Some researches have
been carried out in America, New Zealand and some other countries. These previous works
provide a very important base for the further research in this area. In spit of the above works,
there are five problems in the researches. First of all, too few species have been involved. Ouly
10 or more species have been studied in the family of Coccidae before our studies. These spe-
cies are less 1% in Coccidae that is with 1008 species. The species election lacks the systimat-
ics. The second one, without a good line between the two researches on the ultra — structure
and chemical composition of the wax secretions. It is common that some researcher just focused
on morphological structure of the wax test of some individual species while other workers just
paid their attentions to the chemical composition of the wax secretion of some other species. For
this reason the results unable to be analyzed deeply. The third one, in many cases, only adult
female was chosen as the research material and the male and nymphs were rarely chosen for the

wax secretion studies that limited the effective use for the research information. The fourth one,
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the relativity researches were not developed between the wax secretion morphological structure
and chemical composition with new pesticide development and natural enemies’ behavior in
search scale insects. The last one, some analysis methods are still not applied such as the in-
frared spectra and others.

Although The develop and use of the wax productions secreted by the pela wax scale and
lac insects can be traced back to the 13 century in China and even some researches have been
carried out in the Institute for the Resource Insect of the Forestry Academy of China, the previ-
ous researches on the scale insect pests focused on the fauna investigation, biology, ecology
and ordinary control. The ultra — structure and chemical composition of the wax secretions were
not researched in China. I started to study the scale insects in 1985 when I was studying for my
Master degree under the guide of professor Tang Fangde, an excellent coccidologist. The title of
my Master degree thesis was “The study on the genus of Ceroplastes in China”. Since then I
have persisted in this field and have taken over a series of project on scale insect studies inclu-
ding “The investigation on the scale insect in Shanxi Province and their control” , “The urban
pollution effects on the occur of the scale insects and their control in Taiyuan City”, “A study
on the new destructive mealybug, Phenacoccus azaleae, in the forest of Chinese prickly ash in
north China” and “The outbreak and control of the white peach scale in paulownia forest along
the Yellow river coast”. In 1990, I was supported by the Forest Department of Shanxi Province
and spent three years for investigating the scale insects of forests and fruit trees within the prov-
ince. In 1998, the book “The scale insects of forest and fruit trees in Shanxi of China” written
by me was published by China forestry publishing house.

In the autumn of the same year, I entered Nankai University fortunately to study for my
doctor’s degree under the guide of professor Zheng Leyi, an outstanding entomological taxono-
mist. My doctoral dissertation is “The waxy secretions of Coccidae and its significance in sys-
tematics”. After graduated I got a financial support from the national natural science fund of
China and the project is “The study on the ultrastructure and composition of the wax secretion
of Coccidae in China”. For completing my doctoral dissertation and the projects I once went to
south China several times to investigate and collect the scale insects and I also set up some ex-
perimental points in north region, such as Shanxi and Hebei Provinces for investigating in a
longer period. The works in the laboratory mainly included dealing with the samples, prepara-
tion the slide — mounted specimens, identification of the species; Preparation the test materials
for the observation under scanning electron microscope and chemical analysis, the observation,
photography and dealing with the photos and results; the test through the infrared spectra (IS)
and gas chromatography / mass spectrometry ( GC/MS), analyze the spectrum pictures and
identifying the compounds included in the wax substances. In April of 2004 , the 10th Interna-
tional Symposium on Scale Insect Studies was held at Adana of turkey. I reported our researc-
hing work on the wax secretions that was praised by the international colleagues. Our two pa-
pers “The Chemical Composition of The Waxes Secreted by A Scale Insect, Didesmococcus korea-

nus Borchsenius” and “The infrared spectra of the wax secretions of the four wax scales and its
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significance in systematics” were published in the Proceedings of the symposium.

Up to now, our 13 papers have been published on this topic. This monograph is mainly
based on our research achievements in recent years and its most of the contents are the firsthand
material. The book composed of six chapters namely the introduction, the ultrastructure, the
infrared spectra characteristics, the chemical composition, molecular formula of the wax secre-
tion, Some represeniative species in Coccidae in China are introduced as the key points in this
book including 17 species in 15 genera of 4 subfamilies ( according to Tang’s classification sys-
tem). The contents include these scale insects biology , morphology and wax glands of the male
and female in the nymph and adult stages, the ultra — structure of the wax secretions and wax
tests, the infrared spectrum characteristics and chemical compositions. The wax secretions were
divided into six kinds basing on the research result. Taking the wax secretion as characteristic
we discussed the two classification systems of Tang’s (1991) and Hodgson’s (1994 ) for Cocci-
dae, gave some opinion on the rank of groups in subfamilies and gave some suggestions on the
classification place of the soft scale insect, such as Didesmococcus koreanus Borchsenius and so
on. These are significant in the chemical classification and systematics of the scale insects.

According to the composition of the wax secretions, alkanes including long chain and cy-
clic alkane components in wax secretions are the major factor that limit the pesticides to perme-
ate the wax test. These alkanes can usually be dissolved only by organic chlorine compounds,
such as benzene, chloroform, etc. and strong alkali, such as NaOH and KOH. But theses
compounds do not to be used as penetrating fluid in the pesticides due to their toxicity or caus-
tic. Through this the hard point can be found in present pesticides development for controlling
the scale insects. It is significant for selecting toxicity compounds and assistant material in de-
veloping new pesticides so that which are easily to combine with the wax secretions in physical
nature and are easily to mix with wax in chemical nature. Even more to innovate the molecular
structure of the penetrating agents in the pesticides promotes the adhere capability and permea-
bility for realizing the effective control the scale insects with friendship and non - toxic and un-
harmful to plants and environment.

Some terpene compounds in wax secretions may play a role as hemichemicals to guide or
call the natural enemies to parasite or prey the scale insects. It is a new enlightenment for un-
derstanding the connection between natural enemies and scale insects and applying it in biocon-
trol. Many fatty acids and fatty alcohols are found in wax components and some of them may in-
hibit the pathogen of the scale insects. This can give out an explanation for why there is a few
pathogens to infest the scale insects in the nature. It also offers a new ideal to deal with the re-
sistance from the wax in using the entomopathogenic fungi as a biocontrol agent.

Some compounds such as Sa-Pregn-16-en-20-one, 3a, 12a-dihydroxy-, diacetate, Andro-
stan-17-one ,3-ethyl-3-hydroxy-are found in wax secretion. They might inferred the relation with
development, sexual maturity, mating, reproduction of the scale insects. Further more, that
the ultra — structures and chemical compositions are various with the genus and species and

even with sex and develop stage in some species leads to a conclusion that the wax secretion

4



e PREFACE o

might not be a secondary metabolism production only as it was understood before. It might be
not only a physical obstacle and protected layer but also with many biological functions and an
important part of the all process in scale insect’s life; Using wax material as natural resources
like that of the pela wax scale and lac insect is an interesting topic for scientists. Our research
results may be of benefit for the this field. As mentioned, we believe that taking the family of
Coccidae as research material can demonstrate with typical example not only for the super fami-
ly Coccoidea but also for Homoptera and other insect group with wax secretion.

Although this book includes some contents published as papers by us recently, as we
know, the articles in magazine limited to its length and the paper’s contents usually including
only individual species. And that resulted in the difficult to understand completely the all infor-
mation on morphology, infrared spectra and chemical compositions from the species and genera
researched. This book can be able to overcome the shortage of the single article and includes a
lot of new information. Meantime, some foreign information on this topic also was taken in.
Therefore, this book not only introduces the achievements of China but also reflects the ad-
vancement of the world in this field in some degree.

Abundant data and information are included in this monograph such as the species of scale
insects, sample collection method, experiment material treatment and test procedures, 24 ta-
bles, 28 morphological figures,41 ecological and morphological photos, 142 scanning electron
microscope photos,23 infrared spectrograms and 21 gas chromatograms, the chemical structural
formula of the 104 compounds of the wax secretion. For exchanging easily, the explanations for
all of the tables, figures and photos are give in both Chinese and English.

Although the relative works have been done for seven years it is still not enough for com-
pleting this book. It is difficult to determine and arrange some contents because the knowledge
is involved in the book in several fields, such as morphology, biology, ultra — structure and
chemistry, especially organic and analytic chemistry. In spite of the great efforts were made,
the mistakes and errors must exist in the book and we welcome the guides from the readers. Al-
though the book is published the researches are just beginning and our laboratory is doing some
work in this field. The aim of this book is to throw away a brick in order to get a gem and to in-

duce more workers to come forward with their valuable contributions.

Xie Yingping
June , 2006
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