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ABSTRACT

This collection of illustrative photographs is meant to support the text book*Silk-
worm Aratomy and Physiology”in the classroom teaching. All the specimens are made by
authors and taken pictures systematically by means of scanning electron microscope , elec-
tron photoscope, optical microscope and stereoscopic microscope. There are altogether
402 photographs,out of which 75% are electron microscopic photographs, showing micro
—and ultra —morphology and structures of all the organs and tissues of the silkworm
(Bombyzx mori) in its different (including embryonic) developmental stages (with em-
phasis on the larval stage). It is composed of thirteen chapters with concise narration in
both Chinese and English in;external morphology ,integument , alimentary canal,circula-
tory system, fat body, respiratory system, Malpighian tubules, silk glands, nervous sys-

tem, muscles, endocrine systems, reproductive system,and embryonic development.
The book can not only be used in the class of sericulture for educational purpose,but

also serve as a reference for the teaching and research personnel in entomology , zoology

biology,and plant protection.
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FOREWORD

Sericulture was originated in China,and then spread to different parts of the world. It is
an invention by the Chinese people through generations of efforts in domestication of the wild
insect to make it serve the mankind,as well as a contribution to the world civilization. Over
thousands of years,China has been the major silk producer and exporter of the world. As the
saying “Silk conveys friendship” goes,the international silk trade has promoted the exchange
and development in science,culture and economy among different countries ,and the friendship
between different peoples. In the recent years,China has further promoted its sericultural pro-
duction ,the raw silk output has reached such a level that it accounts for 2/3 of the world’s to-
tal. Looking back on the history and seeing China’s position in the world silk production,our
sericulturists should double their efforts in research and technical advancement so as to pass on
with pride this wonderful heritage and make more contribution. I have read with keen interest
“Silkworm Histology and Embryology”compiled by Prof. Wu Weiguang and his colleagues ,and
noticed the following characteristics. First,all the photos presented are made by the authots,
out of which 75% are electron microscopic photos showing various organs and tissues (particu-
larly in excretory, nerval, muscular, and reproductive systems) of the silkworm. Many new
photos have added more knowledge to the literature of the subject. The photos are clear,and
well edited,in high quality and easily applicable. Second,compared to other publications from
both home and abroad of the same subject, this book is more systematic and covers more as-
pects. Third,both Chinese and English languages are used so that it is good for scientific ex-
changes with other countries,and for the teaching of the subject in English.

This book is not only important to the teaching of sericulture ,but also can setve as a good
reference book in other subjects like entomology,biology,zoology ,plant protection,ect. I hope
the publication of this book will bring about more such books in sericulture and entomology
with Chinese charactetiscs,and I am hereby very glad to express my sincere appreciation for
this book.

Zhao Shanhuan

Member of Academia Sinica (Division of Biological Sciences)
Professor of Entomology of South China Agricultural University
June 25,1993
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PREFACE

Silk is a high quality natural animal fiber. The garments made of silk are comfortable to
the human body,and attractive in appearance. Over thousands of years,silk has been known to
the world as the “queen of fiber” with considerable economic significance. Since silkworm
(Bombyx mori) has long been domesticated and selected, it is easy to be reared and controlled
in the lab,therefore it is an ideal experimental animal for the research in Biology and genetics.
Scientists from China and the world have undertaken extensive research on the animal, which
involves not only the rearing,selection, multip'lication »disease control, but also the anatomy,
histology and embryology, with plenty of publications. However ,due to limited conditions at
the time,the morphology and structure of the silkworm were described mainly by hand draw-
ings. In the past 30 years,along w'im the development of electron microscopy ,research in the
ultrastructure of the silk worm has gradually been pushed forward with a lot of new findings.
In 1976, a Japanese scientist Akai described in detail the external morphology, and the ultra-
structure of the integument,tracheal system ,alimentary canal,and silk gland in his books “Sur-
face Structure of Insects”and “Ultra-Morphology of Insects”. The books surely serve us as
good reference,but as the author himself pointed out,many organs such as the nerve,muscle,
reproductive system,excretory system,etc. have not been covered. To facilitate the programs
for undergraduates and postgraduates of t‘h‘e related subjects,a specially written textbook on
the micro-and ultra-structures of all the organs and tissues of the silk worm is imperative. Un-
fortunately, it is lacking both at home and abroad. For this purpose, this book is compiled in a
systematic way using all materials and photographs from the authors’ institute, according to
the curriculum sequence, and with the emphasis on the larval stage. 75% of the photos in the
book are electron microscopic photos, plus some microphotographs, with concise narration in
both Chinese and English. It can be used in the class together with the literatures of the same
subject,and can serve as a reference for the teaching and research personnel in entomology,
biology ,and plant protection. Because of the heavy workload and limited conditions and time ,
it is hard for us to get it perfect. Some inaccuracies might have been overlooked. The authors
sincerely welcome any comments and critics from the readers.

The authors and editors involved are ;: Chen Ge, Associate Professor (South China Agri-
cultural University ), Zhuang Dahuan, Research Professor (Sericultural Research Institute of
Chinese Academy of Agricultural Sciences),Kong Xianyang, Senior Engineer, Ou Chaowu,
Engineer (South China Agricultural University). The manuscript is reviewed by Prof. Li Cuiy-

ing of Entomology Research Institute of Zhongshan University. Prof. Zhao Shanhuan (Member



of Academia Sinica) writes the foreword.

The electron microscopic photographers are Zhang Qiancai, Lun Xuan (South China
Agricultural University ), Ma Jinxin (Shanghai Entomology Research Institute). Micropho-
tographs are taken by Huang Zhenbang. Han Hui takes charge of English translation of the
mannscript. [ hereby wish to thank all the above colleagues for their efficient work and cooper-
ation.

Chief Editor:Prof. Wu Weiguang
Regional Sericulture Training Center for Asia/Pacific

South China Agricultural U niversity
June 26,1993
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1. External Morphology

Sitkworm (Bombyz mori) is an insect of complete metamotphosis. In its life cycle, it
passes through egg, larva, pupa,and moth,the four developmental stages totally different in
morphological characters and functions.

1.1.Egg

Silkworm eggs are oval, flat ,slightly pointed at the anterior pole with 2 micropyle on it.
The color of the egg varies from race to race. The outermost of it is the shell bearing polygonal
markings on the surface. Inside,it contains vitelline membrane, serosa, and yolk. Egg is the
stage when embryo develops.

1.2.Larva

The larva has a long, cylindrical body which is divideq into:head ,thorax,and abdomen.

The head is small, having mouth parts, antennae, stemmata, and spinneret on it. The thorax

« 1



consists of three segments called the pro-meso-and meta-thorax,each carrying a pair of thoracic
legs. The abdomen is composed of ten segments,carrying 5 pairs of abdominal legs. There are
nine pairs of spiracles on both sides of the thorax and abdomen. Larva is the stage when silk-
worm takes food.

1. 3. Pupa

The pupa is spindle in shape,and brown in color. The body is also divided into:head ,tho-
rax ,and abdomen. There are eight pairs of spiracles on both sides of the thorax and abdomen.
The female pupa is bigger,and comparatively blunt at the distal end ,with an ‘X’ marking on
the ventral side of the 8th abdominal segment. The male is smaller,the distal end is slightly
pointed ,there is a dark spot on the ventral side of the 9th abdominal segment. The pupal stage
is the transitional stage when metamorphosis takes place.

1. 4. Adult (moth)

The body of the moth is divided into: head, thorax, and abdomen,and is covered with
white scales. There are a pair of large antennae and compound eyes on either side of the head.
The mouth parts are apparently degenerated. The thorax consists of three segments, each
carrying a pair of thoracic legs. The meso-and meta-thorax each bears a pair of wings. The cau-
dal end carries genitalia. There are eight pairs of spiracles on both sides of the thorax and

abdomen. Moth is the stage when silkworm mates and lays'its eggs so as to multiply its off-

spring.
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1. 1(above) A colored photo of the eggs.
1. 2(below) A colored photo of the larvae.
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1. 3(above) A ventral side view of the pupae. Left :female,right ;male. X3
1. 4(below) A colored photo of a moth. X5




B1110k) BEIME. Sk N, X60
B 11208 BRfLAEAERERNIZ. X 3000

1. 1. 1(above) This shows the morphology of an egg. Arrow points the micropyle.
X 60

1. 1. 2(below) This shows the rose marking around the micropyle. 3000



