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Foreword

The study of vertebrate comparative anatomy is, or should be, core for students of
biology, zoology, and veterinary medicine, but can also greatly benefit medical students.
By highlighting the similarities and differences in morphology across the vertebrates,
comparative anatomy provides the foundation from which to understand how structures
and systems evolved through time, prompts questions about the relationship of structure
to function, puts studies of human (and animal) embryonic development into context,
and provides a firm basis for an understanding of human anatomy. Nowadays, at least in
western countries, there is a tendency for greater emphasis on cellular and molecular
biology, to the detriment of a more comprehensive understanding of how all levels of
biological systems (cells, organs, systems) interact within an organism.

Modern imaging techniques like micro-CT scanning can greatly enhance the study
of animal structure, but nothing can match the experience of hands-on dissection.
Dissection alone gives the student a comprehensive three-dimensional appreciation of
how organs, blood vessels, nerves, and other tissues are packed within the body cavity;
an understanding of different tissue types and textures; an appreciation of muscle bundles,
tendons, and fibre directions; and an appreciation for structures like fascial sheets and
sheaths that rarely feature in textbook descriptions.

In this book, the two authors (Drs Napat Ratnarathorn and Chalita Kongrit) have
assembled a comprehensive guide to the dissection of a range of different vertebrates
using examples that will be familiar to students in Thailand and neighbouring regions.
The anatomy is illustrated by fully labelled original photographs of specimens (external
morphology) and actual dissections, supplemented by line drawings, Fun Facts, and
thought-provoking questions. The authors also do not shy away from addressing ethical
aspects of animal-based research and rightly encourage their students to consider these
issues in their work.

[ congratulate the authors on the production of a comprehensive guide to vertebrate
dissection that has a distinct regional voice, and I hope that all students using this book
will enjoy the journey on which it will lead them.

Susan E. Evans

Professor of Vertebrate Morphology & Palaeontology
University College London.

August 2023
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Foreword

This Vertebrate Zoology: Basic Anatomy and Dissection Guide by Napat Ratnarathorn
and Chalita Kongrit represents an important milestone in the Department of Biology of
Mahidol University. Having taught in this department for many years, [ know that most
courses have faced the problem of providing suitable texts and reading materials for
students that are not fluent or at home in English. Most undergraduate curricula in
Thailand are taught in the Thai language, but the top universities are increasingly
promoting English as a teaching language, because in most professions or graduate
programs to which students are headed fluency in English is essential for success. This
Vertebrate Zoology text will admirably enhance the preparation of students for later
studies and work.

Selecting an English language text for non-English-speaking students can be
a difficult problem in itself. When I took undergraduate comparative anatomy long ago,
we used L. H. Hyman’s Comparative Vertebrate Anatomy, and also had to read A. S. Romer’s
The Vertebrate Body. These classic texts, whose authors ranked among the greatest
zoologists of the 20™ century, have been updated and revised, but now there are many
other anatomy texts available to choose from. The main problem in choosing one for Thai
students is that their English reading level is usually insufficient for mastering 500 pages
of text per course in one semester.

Another problem that often appears is that the content of texts written primarily
for American or British students is not entirely suitable for students in faraway places
like Thailand, with their different cultures, fauna, and flora. These problems have been
admirably solved by the authors of this Vertebrate Zoology. Not only have they written
a concise and easily understandable text, but they have chosen representative subjects
for dissection more familiar to Thai students. The species selected representing the major
classes of vertebrates include the Nile tilapia (now common in Thai waterways and
amajor food fish), the Chinese edible frog, the monocled cobra, the domestic chicken, and
the laboratory mouse. The domestic chicken originated from the wild jungle fowl of South
and Southeast Asia, whose calls are heard throughout the forests of Thailand.

Vertebrate Zoology includes some features that are usually not well covered, if at
all, in similar Western texts. Chapter 1 covers “Tools and equipment for animal dissection”
in considerable detail, and ends with a sensible discussion of proper dress and safety
measures during lab work. Chapter 2 follows with a brief review of the diversity of
vertebrates, with an up-to-date explanation of modern phylogenetics. The next five
chapters cover basic anatomy of the vertebrate classes, and include exquisite color
photographs of representative species and labelled anatomical features of the main
subjects.
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The next chapter is a thoughtful discussion of animal ethics, including animal
welfare, treatment, and conservation. This is something new in an anatomy text, but where
else in the curriculum will a student be exposed to such ethical issues? The final chapter
covers the reasons for studying anatomy and its importance to society.  doubtif students
in Western cultures would question the rationale and ethics of opening and dissecting
cadavers, but in Eastern cultures this can be a philosophical issue for some people.

Overall, this text is an extremely welcome addition to the Biology curriculum, and
[ hope it becomes a model for texts in other courses. The authors are to be congratulated
for achieving this milestone.

Warren Y. Brockelman

Professor of Biology (retired)

Advisor, Institute of Molecular Biosciences
Mahidol University, Salaya

October 2023
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Foreword

Exploring vertebrate comparative anatomy stands as a cornerstone in biology and
zoology, offering benefits to veterinary, medical, and life science students. This discipline’s
impact lies in uncovering parallels and deviations in basic morphology across diverse
vertebrates. Comparative anatomy narrates the evolution of structures and systems,
casting light on the interplay between structure and function. It spotlights the
developmental journey of human and animal embryos, laying a strong foundation for
understanding human anatomy:.

In education’s evolving landscape, a discernible trend emerges: a shift towards
prioritizing cellular and molecular biology. While recognizing their importance, it is vital
not to overshadow the harmonious interplay of biological systems within an organism.
In this context, dissection remains timeless, providing a tangible three-dimensional
experience, revealing the coexistence of organs, blood vessels, nerves, and tissues. This
exploration navigates diverse tissue textures, illuminates muscle dynamics, unveils tendon
and fiber pathways, and unearths often-neglected structures like fascial sheets and sheaths.

This book embeds the collective effort of authors orchestrating a comprehensive
guide to vertebrate dissection. The selected specimens resonate with Mahidol University’s
biology students and learners across Thailand. The narrative unfolds through captioned
photographs capturing external morphology and actual dissections. Augmented by line
drawings, anecdotes, and thought-provoking queries, this guide fosters exploration and
understanding. The authors candidly address the ethical dimensions of animal-based
research, urging students to reflect deeply.

With deep appreciation, | commend the authors for creating a guide that imparts
knowledge and embodies the region’s spirit. It is my fervent hope that students
embarking on this intellectual journey guided by this book will find enlightenment and
fulfillment.

Narongsak Chaiyabutr (DVM)

Emeritus Professor at Faculty of Veterinary Science,
Chulalongkorn University

Deputy Director at Queen Saovabha Memorial Institute,
Thai Red Cross Society

August 2023
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Preface

The motivation to start writing this book came from our interest in vertebrates and
the lack of locally available anatomical information for vertebrate teaching. In Mahidol
University and other Thai universities, Vertebrate Zoology is one of the most important
subjects taught in higher education, impinging on conservation, medicine, veterinary, and
other biological disciplines. Studying vertebrates has greatly contributed to scientific
knowledge and added to the development of techniques such as cloning, drug testing,
population biology, genetics, etc. Knowledge of vertebrates and their anatomy and
structure is crucial.

Our vertebrate course development during the Covid outbreak in 2020 was hindered
by a shortage of information and photographs, etc., that might facilitate online teaching.
As we ourselves conduct research based on vertebrate animals, we have therefore
developed a manual that aims to help students understand more about the diversity of
vertebrate structures. Specimens of the five main groups of vertebrates, obtained from
our prior teaching and research, were used to examine their morphology and anatomy
in the preparation of this manual. We follow the 3R principle (Reduction, Replacement,
and Refinement) in animal usage ethics. We have since upgraded the manual to a book
version in the hope that its contents may be shared more widely with students from
other institutions and, indeed, all those interested in vertebrates.

All vertebrate specimens were examined and photographed by authors and team
during 2020-2021. They were obtained legally and ethically from different sources.
Fishes, frogs, and chickens were sourced in local markets while the cobra specimens were
provided by The Snake Farm, Queen Saovabha Memorial Institutes (QSMI), Bangkok. The
laboratory rats were obtained from the Central Animals Facility (CAF), Faculty of Science,
Mahidol University. Both the snake and rat specimens were previously used for other
research projects. Feather specimens were provided by the Conservation Biology
Programme (Kanchanaburi campus). Equipment and laboratory space were provided by
the Department of Biology, Faculty of Science, Mahidol University. We both gained our
own experience and knowledge of animal dissection from zoology classes and training
received during our higher education and careers. The specimens were carefully
dissected to reveal the organ systems following other available dissection manuals.
A wide range of publications and academic sources were referred to in preparing this
book. Illustrations were generated by those students of the department who were
especially adept in drawing and by a department staff person who is an expert in
photography and graphic design.

During this book’s compilation, we faced many challenges throughout two years
(2020-21) when both country-wide and university closures took place repeatedly,
hindering access to dissection laboratories. We were nevertheless able to write and revise
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the content information via access to online sources. The contents in this book’s chapters
follow the lessons of the Vertebrate Zoology classes that aim to help students understand
the divergence in morphology and anatomy among groups of vertebrates. After
completing a first draft, each chapter was successively used to provide laboratory
direction during classes, where we regularly asked for feedback from the students. This
enabled us to further develop and refine this book’s contents. We have kept the
vocabulary and English writing as simple as possible, explaining technical terms where
necessary so as to facilitate learning by students, including beginners and also readers
from other fields. After completing a final draft, proof-reading, and editing was carried
by a native speaker, and academic content was reviewed by experts in zoology, following
the regulations of Mahidol University Press. Consequently, this Vertebrate Dissection
textbook was completed in our fervent hope that it will help students and lay people to
learn animal dissection with happiness, legitimacy, and improved comprehension.

Dismembered animal organs preserved for biological research (A) and dissection of a

model rat in Vertebrate Zoology class (B). See Photo credit pages 191.

Napat Ratnarathorn, PhD
Chalita Kongrit, PhD

Vertebrate Zoology: Basic Anatomy and Dissection Guide



Acknowledgements

The authors wish to extend their deepest gratitude and utmost respect to the
Department of Biology, Faculty of Science, Mahidol University, for the invaluable support
they provided in enriching the teaching of Vertebrate Zoology classes. This support has
been instrumental in inspiring and motivating us to embark on the creation of this
Vertebrate Zoology: Basic Anatomy and Dissection Guide textbook. We express profound
appreciation to the esteemed units within the Faculty of Science, Mahidol University,
namely the Central Animals Facility, the Department of Anatomy, the Department of
Biology (Biology Programme and Bioresources and Environmental Biology Programme),
Conservation Biology Programme (Kanchanaburi campus), and The Snake Farm, Queen
Saovabha Memorial Institute, Thai Red Cross Society. Their unwavering provision and
subsidization of specimens and tools have been pivotal in shaping the contents of this
book.

The gracious contributions of Professor Emeritus Dr. Narongsak Chaiyabutr, DVM
MS FRS(T) (Queen Saovabha Memorial Institute and Chulalongkorn University),
Professor Dr. Susan E. Evans (Division of Biosciences, University College London), and
Professor Dr. Warren Y. Brockelman (Department of Biology (retired), Faculty of Science/
Institute of Molecular Biosciences, Mahidol University) deeply humble us. Their kind
gestures in penning forewords for this textbook have added immense value to its essence.
Sincere thanks are also extended to the dedicated staff and students of the Biology
Department, as well as the numerous Kind-hearted individuals and friends who
generously shared their drawings, graphics, and photographs, making this endeavor all
the more enriching.

We wholeheartedly appreciate the invaluable comments and suggestions provided
by the anonymous reviewers, Associate Professor Philip D. Round, esteemed faculty
members, and students of the Vertebrate Zoology classes. Their insightful feedback has
significantly elevated the quality and essence of this textbook. A special word of thanks
is dedicated to Associate Professor Philip D. Round for his professional expertise in
meticulously revising and refining the English text, making it truly polished.

Furthermore, we are profoundly grateful to Dr. Rapee Boonplueang, the Head of
the Biology Department, Faculty of Science, for his invaluable knowledge and unwavering
support throughout the creation of this book. Our heartfelt appreciation also goes to
Professor Dr. Suvaluck Satumanatpan and her team at the Mahidol University Press, as
well as the esteemed Research Management and Development Division, Mahidol University.

Acknowledgements



Finally, we are deeply indebted to our cherished families and friends whose
unwavering support and encouragement have been the cornerstone of this journey. Their
love and belief in us have been a constant source of inspiration and strength. With the
utmost honor and gratitude, we humbly acknowledge their presence in our lives.

Napat Ratnarathorn, PhD
Chalita Kongrit, PhD

Vertebrate Zoology: Basic Anatomy and Dissection Guide



Introduction

Vertebrates are a group of animals that evolved more than 500 million years ago
since the Cambrian Period, alongside invertebrates and plants. Having vertebrae as an
endoskeleton, supports the body of the animals, provides sites for muscle attachment
that facilitate their movement, and protects their central nervous system, thus further
promoting animal adaptations in numerous ways. Humans are familiar with vertebrates
in our everyday life, and obtain benefits from vertebrates as high-quality food sources,
pets, working animals as well as laboratory and research animals.

Despite the fact that vertebrates are diverse, studying their morphology and
anatomy by dissection is the most fundamental technique for learning vertebrate
classification. Biology students generally expect to learn how to dissect animals and study
their internal organ systems. Although 3D models and high-quality virtual dissection of
animals are globally available, hand-on skills in animal dissection from specimens are
important for students who are keen to learn animal science, histology, developmental
biology, and physiology, and wish to pursue research in this field. To facilitate self- and
in-class laboratory learning, we gathered essential knowledge of vertebrate anatomy and
related information, and prepared this book, Vertebrate Zoology: Basic Anatomy and
Dissection Guide, for everyone who would like to gain experience in vertebrate dissection.

Firstofall, itis crucial to know the definitions of “Anatomy” and “Dissection”. These
two words can be used interchangeably for some occasions. In etymology, the origin of
the word anatomy could be traced back to the ancient Greek era. It was derived from a
combination of two root words; ‘ana’ which means ‘up’ and ‘temnein or tomia’ which
means ‘to cut or cutting’. This implies that the word anatomy is equivalent to ‘to dissect’
or ‘dissection’. In terms of processes to study anatomy, dissection is one of the most
classical approaches which is used to open up the body and explore the internal organs
or anatomical structure. Thus, the definition of both words is strongly linked to each
other. Anatomy refers to the biological discipline that studies the structure of organisms
at different levels of body organizations such as organ systems, organs, and tissues.
Meanwhile, dissection is the process of dismembering the body in order to study
anatomical structure.

This book includes nine chapters and one appendix. Before the dissection practice,
it is necessary to know standard dissection tools and how to correctly choose and use
them in order to properly cut open specimens and avoid destroying delicate structures.
In addition, animal dissection must be carried out under a standard biological safety. A
person who does dissection must wear suitable laboratory personal protective equipment
(PPE) to protect themselves from harmful preservative chemicals and spills from
specimens. The details of standard dissection tools and PPE are provided in Chapter I.
Chapter Il introduces diversity and the diagnostic characteristics of the five major groups
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of vertebrates, as well as concepts and work sheets of phylogenetic tree construction
before starting dissection in the following chapters. Chapters I1I to VII provide knowledge
and steps of specimen dissection for the five major groups of vertebrates that are fishes,
amphibians, reptiles, birds and mammals. External morphology and organ systems
including the musculoskeletal system, nervous system, digestive system, excretory system,
respiratory and circulatory system, and reproductive system, are described. The
uniqueness of each vertebrate group appears in the Focused characters box. We include
interesting information of the vertebrate groups in Fun Facts, and encourage readers to
further think about and answer questions related to the vertebrate groups in the Think
Box. We also prepared checklists for important characters to facilitate self-learning.
Besides dissection steps and anatomical details of the specimens’ organ systems, we
introduce the uniqueness of each group of vertebrates.

Chapter Il emphasizes the diverse shapes and forms of fish body and fins, and
various mouth positions of fishes. External shape and form as well as the internal organs
reflect their foraging strategies and ecology. External morphology, musculoskeletal and
internal organ systems, mainly, of the well-known Nile Tilapia (Oreochromis niloticus)
and the torpedo scad or hardtail scad (Megalaspis cordyla) are described in this chapter.

In Chapter IV, the Chinese edible frog (Hoplobatrachus rugulosus) is used as a
model for the amphibian group. Amphibians were the first vertebrate group that evolved
to live on land by exhibiting legs. The adult stage utilizes oxygen in gaseous form. This
chapter explains its special respiratory and circulatory systems that facilitate gas exchange
through skin and lung. Their muscles and skeletons that support their movement on land
are demonstrated.

Chapter V introduces two distinct types of skulls in reptiles. Both anapsid and
diapsid skull types are presented in the extant species. In this chapter, the monocled
cobra (Naja kaouthia) is used as a representative for the reptile group. The snake not only
shows basic characteristics of reptiles, but also a highly modified musculoskeletal system
and internal organs. Snake venom glands and different types of fangs are illustrated and
described in detail.

In Chapter VI, the two major groups of birds, the Palaeognathae and the Neognathae
are briefly explained. The domestic chicken (Gallus gallus domesticus) is used as a model
for the avian group. Although this bird is not a good flyer, it shows important
characteristics that have evolved for flight. The characters that facilitate flight include the
structure of the wings, various types of feathers, its modified skeleton for large-muscle
attachment, the development of a four-chambered heart and a unique respiratory system.
Additionally, birds are toothless animals. They have special modified digestive organs
that help them physically and chemically digest their foods.

Vertebrate Zoology: Basic Anatomy and Dissection Guide



Chapter VII starts with the three major groups of living mammals, the monotremes,
the metatherians and the eutherians. The unique characteristics of mammals, e.g., hair
morphology, production of milk and highly developed brain, are explained in detail. The
laboratory rat (Rattus norvegicus domestica) is used as a representative to illustrate the
external characteristics of mammals, e.g., hairs, vibrissae, nipples and pinna, and the
internal organs of the circulatory system, digestive system and reproductive system of
both male and female rats.

Chapter VIII sets out important ethical concerns over animal uses in scientific
research. As humans gain enhanced understanding of animal lives, we must use animals
and specimens under an ethical framework. This chapter emphasizes the implementation
of research according to standard scientific codes of conduct which are crucial in the
scientific community. The final chapter, Chapter [X, presents the authors’ perspectives on
a traditional cadaveric dissection as an educational tool for studying animal anatomy.
Even though virtual educational technologies may augment students’ experience,
hands-on practice from real specimens definitely enhances their cognitive learning.
Studying animal anatomy may sound like an old-fashioned approach, but it is important
in many career paths. Many new discoveries have resulted from animal anatomical
research. We emphasize that concerns about animal life and its well-being, incorporating
both traditional tools and present-day technologies, will result in the greatest output for
both teaching and research.

We hope that this Vertebrate Zoology: Basic Anatomy and Dissection Guide will
deliver essential knowledge of the anatomy and diversity of all groups of vertebrates, and
enhance the readers’ practical skills of animal dissection under standard protocols. We
also hope that this book may stimulate further research ideas to those interested in the
field of Vertebrate Zoology.

Napat Ratnarathorn, PhD
Chalita Kongrit, PhD

Introduction



Contents

Forewords i
Preface \%
Acknowledgements vii
Introduction ix
Contents xii
List of Figures XV
List of Tables xix
CHAPTER 1
Tools and Equipment for Animal Dissection: List of Instruments, Their
Uses, and IMPOTtaAnNCe......cuvcvmrmsmsarsmssssmsssssssssssssssssssssmsssssssssssssssssssssssssssssssssssassssssses 1-14
Dissecting Tray OF PaN......eereee e sessssesssens 2
Dissecting KNIVES.....oiiiiississssssssss sttt sssssssssssssssssns 2
DiSSECHING SCISSOTS..uuiuieirrieeeeeeessesesses st sese s s s 4
1) (o] o 1O 6
DiSSECHING PrODES. ..o ssenes 8
BONE SHEATS/CULLETS. ..vuieueereeeeriisseseeresssisssssssssssssssss s sssesss st ssseans 8
Surgical Needles and Suture Materials.......osssnnans

Personal Protective Equipment or PPE

R E () <) 6 Lol YT

CHAPTER I

Diversity of Vertebrates: Introduction to Vertebrate Diversity and

Concepts of Classification
Fishes

HAPTER III
Fish Dissection: Species and Morphological Variation.........cussmmssssesessenes 29-48
External Morphology and Integumentary SYyStem........cueenereenneenesneennenns 31
MUSCULAT SYSTEIM...cvrirerreesereereeereerseesssessssss s s sessssessssess s ssssssssssssssssssssans 37

Vertebrate Zoology: Basic Anatomy and Dissection Guide



Circulatory, Respiratory, Digestive, Reproductive, and Excretory

SYSTEIMIS ottt ———— 39
INEIVOUS SYSEEIM...ueieierierieresreseeseeeses s ses e ses s s 42
Skeletal SYStem..... s 44
REEIEINCES. ...ttt 47
CHAPTER IV
.................................... 49-64
External Morphology and Integumentary System.........ooveenirnenneereenneneens 51
MUSCUIAL SYSEEIM....cuiiiicire bbb es 53
Circulatory, Respiratory, Digestive, Reproductive, and Excretory
A=) 4 LT 55
NEIVOUS SYStEIM...uniiiitiriitisis sttt 57
Y G (=Y ) 4] 1) oo VPP 60
LSS 22 =) 0 (o1 1O 63
CHAPTER V
....... 65-84

External Morphology and Integumentary SyStem.......ccouernmeennirsnirseennes 67
Circulatory, Respiratory, Digestive, Reproductive, and Excretory
SYSEERMS ot ————————————— 69
MUSCUIAT SYSTEMLuvuieitriecesetseees et seees et sses et s bbb s ses st s 74
INEIVOUS SYSTEIM...eoiieriierecereeiree et 76
Skeletal System

LSS 23 4= 0 (01X

CHAPTER VI
................................... 85-106

External Morphology and Integumentary SYyStem......coccoecemeesmeermersseesseennes 87
MUSCUIAT SYSTEIM...curiiirireriririiissss st s st ees 91
Circulatory, Respiratory, Digestive, Reproductive, and Excretory
SYSERMS ot ———————————— 95
INEIVOUS SYSLEIML...uvieierierieresceseeeeee et ses s ses s 99

YA G (=Y B 751 ) ' P 102

References

Contents



CHAPTER VII
Mammal Dissection: The Most Complex Nervous System......coursssessesessssens 107-126
External Morphology and Integumentary System

MUSCULAT SYSTEIML..cuceiereeeereeseeeet et seesess et seeses s s s s ssss s s ses st s
Circulatory, Respiratory, Digestive, Reproductive, and Excretory
SYSTEIMS ittt s

Nervous System

Skeletal SyStem.......nss s

RS () =) 0 Lol T T

HAPTER VIII
Animal Ethics: Uses of Vertebrates and Animal Conservation........cceeerenes 127-134
Importance of Animal Ethics and Morals.........ee 127

Levels of Animal Ethics Support

R () =) 0 Lol 1T

CHAPTERIX

The Evolution of Cadaveric DiSSECION ..ot sesssssessssssssesens

Importance of Cadaveric Dissection in Education

Challenges of Real Animal Uses and New Technologies.......ccouereereennes 138

Impacts on Research Environments and Societies.......couminenreneereennenns 140

LSS 23 =) 0 (01X PP 145
APPENDIX

Integrative Questions: Testing Memory and Understanding after

REAAING ... s bbb 153-180
Index 181
Photographic Credits 191
About the Authors 193

Vertebrate Zoology: Basic Anatomy and Dissection Guide



Figure L.

Figure 1.1
Figure 1.2

Figure 1.3
Figure 1.4
Figure 1.5
Figure 1.6
Figure 1.7
Figure 1.8
Figure 1.9

Figure 1.10

Figure 2.1
Figure 2.2

Figure 2.3

Figure 2.4

Figure 2.5

List of Figures

Dismembered animal organs preserved for biological
research (A) and dissection of a model rat in Vertebrate
Z00108Y ClaSS (B).eurereerreerreereesseesseesseeseesessseesseessessesssesssesssssssssssesssessseees vi

Dissecting tray with a movable pad........oonnonnenneninneneineenn. 2

Different sizes of scalpel handles and blades used for basic

(0 D ETY=Yo Uo) o VTP 3
Techniques to handle scalpel......nnennenn s 4
Different types of dissecting SCISSOIS.......vnererinsereesiensesresssesseenens 5
Techniques to hold dissecting SCISSOTS......cuererrernrenernernrerserreenenns 6
Different types of forceps and clamps.......couninerininisisninns 7
Different types of dissecting probes.........ccwenneenneesereseseseerenn: 8
L2 10) 4T L) o PP 9

Curved needle (3/8 circle) with an eyeless design and a
reverse cutting point (A); different types and sizes of curved
needles (B); and the surgical needle is securely held in place

with needle forceps (C). s 11
Personal Protective Equipment (PPE) for basic dissection

JE=1oTo) =10 ) oy /2P 12
Phylogenetic tree of vertebrates and other chordates................. 17

Whole body of the Atlantic hagfish, Myxine glutinosa (A) and
the jawless mouth of hagfishes (B).....ccmnenmnnenenensineineineens 18

Whole body of the Ohio lamprey, Ichthyomyzon bdellium (A)
and the jawless mouth of lampreys (B).....cceemeneeseeseeneenns 18

Example of Holocephali - Spotted ratfish, Hydrolagus
colliei (A), Elasmobranchii - Black-tip reef shark, Carcharhinus
melanopterus (B) and Whitenose whipray, Pateobatis
UATNACOTALS (C)uureereeeerrerreereesreeseeesssessssssessesssssssssssssssesssssssssssssssssssssssasessees 19
Example of Actinopterygii - Stoplight parrotfish, Sparisoma
viride (A), Actinistia - West Indian Ocean coelacanth, Latimeria
chalumnae (B), and Dipnoi - African lungfish, Protopterus
ANNECEENS (C)uuerrrerreererrsenesresssessessessssssessssssessesssssssssessssssssssssssssssssssssssesssssnees 19

List of Figures



Figure 2.6

Figure 2.7

Figure 2.8

Figure 2.9

Figure 2.10

Figure 2.11

Figure 2.12

Figure 3.1

Figure 3.2

Figure 3.3
Figure 3.4

Figure 3.5

Figure 3.6
Figure 3.7
Figure 3.8
Figure 3.9
Figure 3.10

Example of Anura - Ornate horned frog, Ceratophrys ornata (A),
Urodela - Yellow-spotted salamander, Ambystoma maculatum (B),
and Apoda - Yellow-striped caecilian, Ichthyophis kohtaoensis (C).... 20
Example of Rhynchocephalia - Tuatara, Sphenodon punctatus (A),

Testudines - Sulcata tortoise, Geochelone sulcata (B), and
Crocodylia - Saltwater crocodile, Crocodylus porosus (C)............ 22

Example of squamate reptiles: Lizard - Central bearded
dragon, Pogona vitticeps (A), Serpentes - Ball python, Python
regius (B), and Amphisbaenia - Central Iberian worm lizard,
BIanus vandellii (C)u . rnereiseensesesseesessssssesssssssssssssssssessssssssseens 22

Example of Palaeognathae - Somali ostrich, Struthio
molybdophanes (A), Neognathae - Emperor penguin,
Aptenodytes forsteri (B), Siamese fireback, Lophura diardi (C),
and Blue-winged pitta, Pitta moluccensis (D).....ooeenreesmeeneeseennes 23
Example of Monotremata - Short-beaked echidna,
Tachyglossus aculeatus (A), Metatheria - Sugar glider, Petaurus
breviceps (B), and Eutheria - Fennec fox, Vulpes zerda (C).......... 24
General components, structures, and terminology in the basic
EFEE OF LifE. ettt ettt ess et et

Organismal models for the tree of life exercise

External morphology of ray-finned fish: the Nile tilapia,

male (A) and the hardtail scad, male (B)..coeeeneemeeneesseeseennens 33
Opercular series (A) and gill components in a branchial

chamber (B) of the Nile tilapia. ... 33
Muscles of the Nile tilapia......nn 38

Main muscles of the Nile tilapia that control the operculum
AN JAWS.ctrereeretreeee st bbb e 38

Difference in length of the digestive tract between the Nile

tilapia (A) and the hardtail scad (B)......ccovmemenmenmemeensennessessssneenens 40
Internal organs of the Nile tilapia.....c.corrnenennneneneeseiseneenens 41
Internal organs of the hardtail scad (female)......ccoorumrrecrerrrennenn. 41
Brain and cranial nerves of bony fish, the Nile tilapia..........c....... 43
Spinal nerves of bony fish, the Nile tilapia.......ccmins 44
Skull and skeleton of fish, the Nile tilapia.......c.ccoorererrerereseerenens 45

Vertebrate Zoology: Basic Anatomy and Dissection Guide



Figure 4.1

Figure 4.2

Figure 4.3
Figure 4.4
Figure 4.5
Figure 4.6

Figure 4.7
Figure 4.8
Figure 4.9
Figure 4.10

Figure 5.1
Figure 5.2
Figure 5.3

Figure 5.4
Figure 5.5
Figure 5.6
Figure 5.7
Figure 5.8
Figure 5.9
Figure 5.10
Figure 5.11
Figure 5.12
Figure 5.13
Figure 5.14
Figure 5.15

Figure 6.1
Figure 6.2

Morphology of the edible frog at the anterior (A), posterior (B),
orbit (C), foreleg (D - ventral view), and hind leg (E - ventral

Oral cavity of the edible frog at the upper jaw (A) and the

JOWET JAW (B erieueereerrenetreinnessetseesesssessssssssessssssss s sssssssssssssssssssssssssssasssnees 53
Muscles of the edible frog.......cueenrnereneeree s 54
Internal organs of the edible frog (male)......covnrninenienninnns 56
Circulatory and respiratory structures of the edible frog........... 56

Digestive and reproductive organs of the male (A) and

female (B) €dible frog. ...t seesessessesssessesensssssesnees 57
Spinal nerves of the edible frog.......cccuirininsiis 58
Brain and cranial nerves of the edible frog..........ouumrenncernneennn. 59
Skull of the €dible fro@.....cceeererreeeesesseesessessessesssesssesssssssesnnes 60
Skeletons and skull of the edible frog........ccurnnneninnenesiennenens 61
External morphology at the cobra head and vent........ccccoccvverennee. 67

Oral cavity of the cobra at the upper jaw (A) and lower jaw (B)...... 68

Internal organs and structures (in situ) in the whole body of
L0 5 TS 010] o) o= VPP 70

Internal organs and structures of the cobra in the anterior part... 71
Internal organs and structures of the cobra in the anterior part... 71
Internal organs and structures of the cobra in the middle part... 72
Internal organs and structures of the cobra in the posterior part... 72

Reproductive system of the cobra: male (A) and female (B)..... 73

Muscles and venom apparatus of the cobra........ccnereonineecreenns 75
Body muscles diagram of SNaKesS.......couereerienrereerienseseesseseeseesseseeees 76
Brain and cranial nerves of SNaKes......ccoumenenerneenseneeneesesseeneenns 77
Spinal nerves of the SNAKe.......ccovenerneeneenesrnersseesessssesssssesessssseeens 78
SKUIL Of the CODIa. ..ttt sssesssenees 79
Skulls of other reptile groups..... s 79
Skeletal regions and components of the cobra.........cuuneerirreenenn. 80

External morphology of the chicken at the body (A) and vent (B).... 88

Structures of the bird wing (A) of the zebra dove, Geopelia
striata (juvenile), and a feather (B) of the plaintive cuckoo,
CACOMANEIS METUIINUS...c..ververereerireerserserisseiseessesissssssesssssassssssesssesasssassess 89

List of Figures



Figure 6.3
Figure 6.4
Figure 6.5
Figure 6.6
Figure 6.7
Figure 6.8
Figure 6.9
Figure 6.10
Figure 6.11
Figure 6.12
Figure 6.13
Figure 6.14
Figure 6.15
Figure 6.16

Figure 7.1

Figure 7.2

Figure 7.3
Figure 7.4
Figure 7.5
Figure 7.6

Figure 7.7
Figure 7.8

Figure 7.9

Figure 7.10
Figure 7.11
Figure 7.12

Types of bird feathers.......c s 90
Roof (A) and floor (B) of the chicken oral cavity......ccocevesireneens 90
Supporting flight muscles of the chicken......coeoneeneeneerecneens 92
Muscles of the ChiCKeN.......cocs s 93
Muscles of the chiCKen......cc s 94
Internal organs of chicken.......onnseennns 96
Internal organs of chicken at the anterior region.......ccoueenuunnee. 96
Internal organs of chicken at around the heart........ccoueoreereeenns 97

Internal organs in the digestive track of chicken

Internal organs in excretory and reproductive systems.............. 98

Brain and cranial nerves of the chicken.......oenneneeisienns 100
Spinal nerves of the ChiCKeN......cornrense s 101
Chicken SKUIL.....cueeeereereeeeeiesesee s 102
Skeleton and body bone structures of the chicken.......ccconeceneee. 103

External morphology of the rat (female) at head (A), mouth (B),

lateral body (C), and ventral body (D) orientations.........cccneen. 110
Differences in external morphology between the female (A)

and Male (B) FatS...uerrenesseeseesessesssssessessssssessesssssesssssssssessssssssns 111
Muscles Of the rat..... i ——— 113
MUSCLES Of the Tat... s esaees 114
Internal organs of the rat around the thoracic region.................. 115

Diaphragm of the rat that attaches to liver separates the
thoracic and abdominal Cavities........uerenenrenerneenseneeneeseseeeeeens 116

Internal organs of the rat (female) in the abdominal cavity........ 116

Reproductive organs of the rat: male (A) and female (B) in

VENETA] VIEW....coriteitreisscisetseiesssetsesses st sess st sttt sesssssssssesssssnes 117
Brain and cranial nerves of the rat.........nenenens 119
Spinal nerves of the rat.....—————— 120
SKeleton Of the rat..... s ssssssses 121
Skull bone and teeth 0f the rat.....e e 122

Vertebrate Zoology: Basic Anatomy and Dissection Guide



List of Tables

List of Tables






CHAPTER

Tools and Equipment for Animal Dissection:

List of Instruments, Their Uses, and Importance

| Introduction

Dissecting tools are crucial for performance and success in animal dissections.
Learning all about dissecting tools and relevant laboratory equipment is the first task
before starting operations. Various types, sizes and shapes of dissection instruments are
designed based on their function and purpose (e.g., incision, distension, retraction,
handling, grasping, suturing, occluding, etc.) to match with different body parts
(e.g., organs, membranes, skin, fat, muscles, etc.). Selecting the appropriate tool for a
particular task is beneficial in several aspects, as follows:

e Itreduces operational time

¢ Itreduces damage to organs or tissues

e Itenables the dissector to feel more comfortable and more confident

e Itincreases accuracy and operational efficiency for complicate tasks

e Itreduces the effort needed to complete a task

o Itkeepsdissectors and surrounding people safe by reducing the risk of accidents

from tools, infections, chemical injury, other unexpected hazards during
operations

e Itavoids damage to the dissection instruments themselves
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Even when the correct dissecting instrument is selected for a particular task, it
remains dangerous to both the users and to bystanders. Correct handling of
dissection instruments is therefore crucial. While using dissecting tools, users must remain
aware, careful and cautious throughout. We suggest all readers read through this chapter
before commencing dissection.

Dissection for studying anatomy is different from surgery or operations during
veterinary or medical treatments, or forensic investigation. These all require more
specialized equipment. The basic tools used in dissection during vertebrate studies are
as follows:

1. Dissecting tray or pan (Figure 1.1) is generally made from aluminum or
stainless steel filled with a layer of wax at the bottom of the tray. The tray can be reused
many times. It provides an appropriate surface for dissecting specimens and contains
and restricts the flow of the specimen’s blood and wastes. The specimen being dissected
can be stabilized in a particular position by pinning it to the tray’s wax surface. Movable
silicone pads may also be used instead of wax because they are better for sterilization
and disinfection. Moreover, some may absorb unpleasant odors. Different sizes of tray
are available to suit various sizes of specimens.

Dissecting tray

with a movable pad.

2. Dissecting knives (or scalpels, lancets, bistouries) are mainly used for
incising the bodies of specimens at specific parts or locations. Stainless steel is the most
common material since it is strong enough to withstand reasonable force. In basic
anatomical studies, the two main sizes of scalpel handles are sizes 3 and 4. When fitted
with a blade of an appropriate size or shape (Figure 1.2) they will accommodate most
uses. The size 3 handle is generally used in combination with blade sizes
6-17 and 40. The size 4 handle is usually fitted with a blade of size 18 or above.
The traditional blade sizes used in basic dissection are listed as follows:

¢ Blade size 10 possesses a curved cutting edge of which the apex is the sharpest

area. It is used for general incision and slicing through epidermal layers,
muscles, and organs, giving medium-sized incisions.
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e Blade size 11 is small, with an elongate triangular shape and a sharp tip,
making it ideal for stabbing incision such as lancing abscesses, cutting blood
vessels, or piercing membrane layers.

e Blade size 12 is a small crescent-like shape with a sharp edge and inverted
curvature. This blade is made for shallow and recessed incisions such as
piercing blood vessels or cutting sutures.

e Blade size 15 is the smallest version of the curved cutting-edge blades. Like
blade no. 10, it is used for small, accurately placed incisions with small
specimens and/or organs.

¢ Blade size 20 is similar in shape and function to blade size 10 but is used for
large specimens and larger incisions in thicker layers of tissue or skin.

Figure 1.2 Different sizes of scalpel handles and blades used for basic dissection. Scalpel handle
No. 3 (A) and No. 4 (C). Series of blades B fit handle A, and series of blades D fit handle C.
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There are several techniques for holding scalpels. The standard technique, the
fingertip grip, is similar to holding a steak-knife. The scalpel handle is held between the
thumb and middle finger, and stabilized above by the index finger (Figure 1.3A).
A pencil-like grip with the blade pointing downwards will help avoid too deep an
insertion (Figure 1.3B). One must always be careful holding a scalpel, especially when
fitting the blade when accidental injury can easily occur. Apart from holding scalpels,
installing the scalpel blade safely is an important process as there is reportedly a high
incidence of injury during the change of blade. Holding the blade directly in the fingers
must be avoided: forceps or clamps to grasp the blade are recommended. The blade is
attached by aligning its slot to the handle until it fits properly. It may be removed by
lifting the back of the blade and then sliding it off.

Techniques to handle scalpel: fingertip grip (A) and pencil grip (B).

3. Dissecting scissors are important tools for dismembering specimens. Scissors
are usually made of stainless steel, the blades rigid enough to deliver more precise cuts
compared to a scalpel. As with scalpels, dissecting scissors vary in configuration and
function.

Blades of scissors can be either curved or straight.

e Curved blades allow for better penetration, manoeuverability, and visibility.

e Straight blades provide high mechanical cutting power for thick objects, and

precise cutting direction.

Blade apex can be either sharp in both blades (sharp/sharp), sharp/blunt, or
blunt/blunt.

e A sharp apex is better for delicate work.

¢ A blunt apex will prevent damage to surrounding tissues or organs.
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Although there is a variety of configurations, the major purpose for all types of the
scissors is to cut specimens/objects. The precise type of scissors used will depend on the
particular task. In addition to the dissecting scissors shown in Figure 1.4, there are other
types such as iris scissors, bandage scissors, rib scissors and micro-scissors.

e Suture scissors or operating scissors (Figures 1.4A-B) are relatively short
and broad-bladed. Suture scissors are designed for general cutting. This type
of scissors is also used to cut sutures or surgical materials as well as specimen
tissues during dissection.

e Mayo scissors (Figure 1.4C) are normally large and durable with blunt tips but
can vary in size. They are used for cutting thick tissues or sticky structures
(e.g., fascia, bone, or scales, etc.).

¢ Metzenbaum scissors (Figure 1.4D) are long and slender with a narrow
middle part. The scissors tips are usually blunt which is suitable for trimming
thin membranes or cutting delicate and fragile tissues such as light fascia or
subcutaneous layers.

Figure 1.4 Different types of dissecting scissors: straight blunt-tip suture scissors (A), straight

sharp-tip suture scissors (B), straight Mayo scissors (C), and straight Metzenbaum scissors (D).
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Two common holding techniques for dissecting scissors are the wide-based tripod
grip and the backhand grip. The wide-based tripod grip is a universal gripping technique
(Figure 1.5A), in which the thumb and ring finger (above first knuckle) are placed through
the scissor’s loops. The middle finger is placed alongside the ring finger to assist holding.
The index finger is placed along the scissors’ shank, on the fulcrum, so as to control the
scissors tip’s direction of cutting. The backhand grip (Figure 1.5B) is another technique,
modified for descending or reverse cutting. The thumb, and either the index finger or the
middle fingers, are placed through the scissor’s loops, and other fingers are used to
control the body of the scissors.

Techniques to hold dissecting scissors: wide-based tripod grip (A) and backhand
grip (B).

4. Forceps (or clamps, tongs, pliers) are generally made from strong materials
(again, usually stainless steel) which can endure high-pressure/temperature
sterilization. Their main function is to manipulate objects or specimens for which the
hands and fingers are not suitable (e.g., items which are either too small, harmful, or
dirty). The forcep’s tips may be flat, serrated, toothed, grooved, looped, or cupped.
Serrated and toothed types (classified as dressing forceps and tissue forceps, respectively)
require less force to hold tissues while the other types are used for different purposes.
The sizes of forceps used may also vary. There are two major types of forceps based on
their appearance: thumb forceps and locking forceps.

Thumb forceps or thumb tweezers are those in which the forceps are compressed
between finger and thumb. They are handy and easy to use. Two well-known thumb
forceps types are as follows:

e Standard or plain forceps (Figure 1.6A) usually have serrated tips, used to
move, hold, retract, or stabilize objects/specimens. Those forceps that have
interdigitating teeth are called rat-tooth tissue forceps. They prevent slipping
when the tissues are gripped but do not suit delicate tissues, as the teeth can
cause damage.
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e Adson forceps (Figure 1.6B) usually have interdigitating teeth, and differ from
standard forceps by displaying very narrow fine tips at the apex of broad shafts.
This type of forceps facilitates delicate or small-scale work.

Different types of forceps and clamps: standard forceps (A), Adson forceps (B), Allis
tissue forceps (C), and Kelly artery forceps (D).

Locking forceps, often called clamps, generally have a similar shape to scissors
but have an interlocking ratchet located near the finger loops. The ratchet enables the
forceps to clamp shut when locked. Holding locking forceps can be applied with the tripod
gripping technique. Different types for studying basic anatomy are shown:

e Grasping forceps are used to grasp and hold tissues, organs, or other objects
during various medical procedures. This type of forceps typically has a long,
slender design with a handle on one end and two pincers on the other end. These
forceps come in various shapes and sizes to accommodate different procedures.
For example, Babcock forceps have straight tips that allow for gentle (atraumatic)
grasping or secure holding for a long period. On the other hand, Allis forceps
(Figure 1.6C) have sharp teeth at their tips, which can cause trauma or damage
to tissues and should be used with care.

e Artery forceps belong to hemostasis instruments (instruments used to staunch
blood-flow). They present many appearances and sizes with such specific names
such as mosquito forceps, Crile forceps, Pean forceps, Kelly forceps (Figure 1.6D),
etc. Various types of them are used to clamp tissues, ducts, or vessels for
controlling or stopping liquid flow or blood bleeding. The serrated apex tips are
common for artery clamps, leading to better occluding capacity.
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¢ Needle forceps are designed with a slender and elongated shape, featuring fine,
tapered jaws at the working end, which makes them ideal for securely holding
and manipulating surgical needles. Although their designs may vary, they
generally have shorter jaws compared to artery forceps, which often have
criss-crossed lines cut into them. Additionally, needle forceps may lack alocking
mechanism.

e Sponge forceps are used as an accessory to grasp gauze or swabs for transferring
or cleaning specimens. Each arm of the sponge forceps is elongated with a
straight or bent serrated loop tip.

5. Dissecting probes have a narrow metal tip attached to different types of
handles. Different types of probes include double-end probes, those with serrated handles,
etc. They may be separated into two main types:

¢ Needle probe (Figure 1.7A) also known as a pointed tip probe, is used to

perform small-scale and delicate work (e.g., pinpoint specimen structures,
probing at specific areas). Either a straight or curved tip probe may be chosen
depending on procedure and dissector preferences. Some needle probes are
designed with interchangeable needles that may be inserted into the handle.

e Mall probe (Figure 1.7B) always has a rounded or blunt tip, and is larger in size.

This probe has a different function compared with a needle probe. The blunt
tip avoids tissue damage. It is commonly used to explore or probe into dissected
parts or specimens and indicate target structures.

In general, gripping the probe is simply like gripping a pencil. For more powerful
force during tearing and piercing of the needle, the dissector can grasp the probe in the
hand and place the index finger on the shaft.

Different types of dissecting probes: needle probe (A) and Mall probe (B).

6. Bone shears/cutters (Figure 1.8) are available in various sizes and configura-
tions, such as pliers, handsaws, and electric saws. In basic laboratories, bone shears/
cutters typically consist of two blades that exert pressure to create clean cuts through
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bone tissue. These instruments are designed to offer precision and efficiency in
orthopedic surgeries and when resecting bones that are too large and tough to be cut
with scissors. Made of durable materials like stainless steel, bone shears/cutters require
specialized training for proper usage.

Bone cutter.

7. Surgical needles and suture materials play crucial roles in closing wounds
following dissections in various tasks related to basic biology and animal studies. These
tasks include animal taxidermy and preservation efforts aimed at prolonging the usability
of specimens. Suture needles and materials, serving as essential surgical tools, contribute
to achieving comprehensive preservation and are selected based on a variety of factors.
Starting with recommended options is advisable, as experienced dissectors rely on their
expertise to choose the appropriate tools rather than needing an extensive range.

Surgical needles commonly used are made of stainless steel, and are known for
their thinness and strength to navigate tissues without causing harm. Two types of
needles are commonly used: those with an “eye” for threading and “eyeless” or “swaged”
needles (Figure 1.9A) where the suture is crimped within the needle, eliminating the need
for threading. The latter type is preferred as it reduces the risk of gaps between the suture
and tissue, minimizing potential tissue injury.

Curvatures of surgical needles are designed for various surgical procedures.

e Straight needles are used for easy tissue penetration, especially in skin sewing

and small-scale surgeries.

e Curved needles are commonly used in laparoscopic surgeries. Various curvatures
(Figure 1.9B), such as 1/4, 3/8, 1/2, and 5/8 circle, are selected based on
anatomical considerations and spatial restrictions. The 5/8 circle curvature is
suitable for deep and confined areas where rotational wrist movements are
necessary.

Body and point characteristics of surgical needles vary.

e Round needles with rounded or cutting points are used to minimize tissue
damage and are suitable for delicate tissues such as the liver and kidneys.
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e Cutting needles, with their triangular shape and sharp edges, are versatile and
commonly used for various purposes, including skin and sternum suturing.

e Reverse cutting needles, featuring a convex cutting edge, are stronger and reduce
the risk of unintended tissue damage. They find applications in a wide range of
procedures, including eye surgery and cosmetic procedures that require
minimal tissue damage.

Suture materials are categorized based on physical characteristics, biocompatibility,
handling characteristics, and biodegradation. When selecting suture materials, factors
such as tissue repair duration and the need for support are considered. The ideal suture
material is the smallest size that provides consistent tensile strength while being sterile,
flexible, minimally reactive, and predictable in degradation.

Sutures can be categorized as absorbable or non-absorbable, as well as
monofilament or multifilament, and they can be made from various substances.

e Non-absorbable sutures are made from materials that are not degraded by the

body, such as silk, stainless steel, nylon, cotton, polyester, and polypropylene.
These sutures retain at least 50% of their tensile strength for a period of 60
days.

o Absorbable sutures can be either natural or synthetic. Natural sutures
enzymatically degrade, while synthetic sutures break down through hydrolysis.
They lose most of their tensile strength in 1 to 3 weeks and are fully absorbed
within 3 months.

e Monofilament sutures consist of a single strand of silk, reducing tissue drag
when passing through tissues and minimizing bacterial accumulation. However,
these sutures can easily be flattened or cause weak points, resulting in reduced
tensile strength.

e Multifilament sutures are composed of multiple braided or twisted strands,
making them stronger and more flexible but increasing tissue drag.

Suturing is a technique employed to close wounds or surgical incisions. Several
factors influence the selection of suturing techniques, including tissue type, wound location,
wound tension, wound size and shape, desired cosmetic outcome, as well as the surgeon’s
personal preference and experience. One of the most basic suturing techniques is the
“simple interrupted suture” which involves the following steps:

1. Holding the surgical needle by the needle forceps is a standard practice for

safety, precision, and efficiency during medical procedures (Figure 1.9C).

2. The needle is inserted perpendicular to the wound edges, passing through the

dermis or deeper tissues, depending on the wound depth.

3. The needle is then brought out on the opposite side of the wound, ensuring

proper alignment of the wound edges.
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